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Jean-Christophe A., 29 ans

A Antecédents personnels :
Epilepsie temporale non traitée O

-

A Antécédents familiaux :
Un cas de mort subite inexpliqué
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A 21h55 : syncope avec reprise de conscience
A 21h56 : appel des secours
A 22h03 : 2éme syncope

A 22h04 : arrivée des premiers secours avec
debut du MCE et mise en place du défibrillateur
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No-flow = 1 minute, low-flow = 4 minutes




JE—
Arrivée du SMUR a 22h14 i

A SpO: =95 %, 103/55 mmHg, FC = 105 /min
A En ventilation spontanée, Glasgow 3
A Sédation pour intubation et ventilation mécanique

A ECG initial : pas de signhe |schem|que franc (mais
trace difficile a i nterprét
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Registre du CEMS

Du 15 mai 2011 au 15 mai 2013

7 201 AC extra-hospitaliers

1048 étiologies non-cardiaques €—

4

6 153 etiologies cardiaques probables (100 %)

2 341 non réanimes €
\ 4

3 812 avec tentative de réanimation (62 %)




Registre CEMS

« Portrait Robot »
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Registre CEMS

Du 15 May 2011 au 15 mai 2013

t al

Coronarographie

702 (55 %)

Hypothermie thérapeutique

704 (55 %)

Survie hospitaliere

250 (7 %)

Récupération neurologique
- CPC 1/2
-CPC 3/4
- inconnue

232 (93 %)
11 (4 %)
7 (3 %)
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Predictors of Survival From Out-of-Hospital Cardiac Arrest : A Systematic Review

Comilla Sasson, Mary A.M. Rogers, Jason Dahl and Arthur L. Kellermann
Circ Cardiovasc Qual Outcomes 2010;3;63-81; originally published online November 10,

and

Meta-Analysis

2009;

Time Period

1980-1984
1985-1989
1990-1994
1995-1999
2000-2004
2005-2008

Overall

NOTE: Weights are from random effects analysis

Pooled Survival Rate (%)

(95% Confidence Interval)

—

' - 8.1 (0.9, 15.3)
3.3(1.9,4.7)
9.5 (7.4, 11.6)
7.4 (5.6, 9.0)
— 6.2 (4.8, 7.6)

—
-
—

7.8 (6.1,9.5)
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Data extracted from 79 studies involving 142 740 patients

ASurvival from OHC
not significantly improved in

almost 3 decades, despite

enormous efforts in

research spending and the
development of novel drugs

and deviceso
ACurrently, 92% of
individuals who experience

OHCA each year do not

survive to hospital

discharge. This dismal

statistic can be |
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your HANDS

&can save “: LIFE

Raising Cardiac Arrest Awareness







Association of National Initiatives to Improve Cardiac Arrest
Management With Rates of Bystander Intervention and

Patient Survival After Out-of Hospital Cardiac Arrest
Wissenberg M et al. JAMA 2013
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Major regional disparities in outcomes after
sudden cardiac arrest during sports European

Heart Journal
Eloi Marijon!23% Wulfran Bougouin'234 David S. Celermajer®, Marie-Cécile Perier'?, N X
Nordine Benameur®, Lionel Lamhaut'247, Nicole Karam'?%3, Florence Dumas'24, " E
Muriel Tafflet!28, Christof Prugger'2, Hazrije Mustafic!24, Jean-Pierre Rifler?,
Michel Desnos'23, Jean-Yves Le Heuzey'23, Christian M. Spaulding123:4, Paul Avillach?1°,
Alain Cariou'?4, Jean-Philippe Empana'2, and Xavier Jouven'234

Eur Heart J. 2013 Aug 4
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Survival rate
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Chest compression alone cardiopulmonary resuscitation is
associated with better long-term survival compared with

standard cardiopulmonary resuscitation
Dumas F et al. Circulation 2012

8
Log rank p=0.03
T Ware p=0.009 i i
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/ Rescue
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ABystanders can proceed with the chest compressi

appreciation that this strategy on average provides optimal long -term survival




Nationwide Improvements in Survival From

Out-of-Hospital Cardiac Arrest in Japan
Kitamura T et al. Circulation 2012
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Improved Survival After Out-of-Hospital

Cardiac Arrest and Use of AED
Blom MT et al. Circulation 2014

Time to Shock (min) and Survival With Favourable Neurologic Outcome

in Patients With Shockable First Rhythm (n=2858)
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Improved Survival After Out-of-Hospital

Cardiac Arrest and Use of AED
Blom MT et al. Circulation 2014

Time to Shock (min) and Survival With Favourable Neurologic Outcome

in Patients With Shockable First Rhythm (n=2858)
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Comparison of Naive Sixth

Professionals in the Use of an Automated External

Defibrillator
Gundry et al. Circulation 1999; 100: 1703

- Grade Children With Trained

Electrode
Placement
Diagrams

Adhesive
Electrode Pads

1 Turn On AED
2 Auach Electrode Pads
3 AED Analyzes Cardiac Rhythm

4 Press Shock Button

Cardiac Rhythm
Monitored

\



http://circ.ahajournals.org/content/vol102/issue90001/images/large/hc33t0072003.jpeg
http://circ.ahajournals.org/content/vol102/issue90001/images/large/hc33t0072003.jpeg

|
Improved Survival After Out-of-Hospital

Cardiac Arrest and Use of AED
Blom MT et al. Circulation 2014

B Time from call to shock (min) ® Favorable outcome (%)
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Cardiac Arrest Registry to Enhance

Survival (CARES)

CARES

Cardiac Arrest Registry
to Enhance Survival
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Recent Trends in Survival From Out-of-

Hospital Cardiac Arrest in the United States
Chan PS et al. Circulation 2014
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" JAE

Association of National Initiatives to Improve
Cardiac Arrest Management With Rates of
Bystander Intervention and Patient Survival After

Out-of Hospital Cardiac Arrest
Wissenberg M et al. JAMA 2013

Introduction of therapeutic Mandatory education in resuscitation in elementary schools (Jan 2005)
hypothermia (starting 2004)
ol

New guidelines for resuscitation (Nov 2005)

i \O/O_____O_ —O Bystander-witnessed arrrest
5[]_ w _O/’/Oh
© Bystander CPR

40 4 )
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20 Survival on arrival at the hospital
Introduction of health care professionals

104 at dispatch centers (starting 2009)

Mandatory resuscitation cour se
license (Oct 2006)
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About 175 000 first aid certificates distributed annually (2001-2004) Distribution of about 150 000 CPR self-instruction training kits (2005-2010)




Association of National Initiatives to Improve
Cardiac Arrest Management With Rates of
Bystander Intervention and Patient Survival After

Out-of Hospital Cardiac Arrest
Wissenberg M et al. JAMA 2013
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Watercirculating
surface cooling pad

i\
intravenous -@

fluids [

Catheter-based endovascular device inserted in the femoral vein
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Trends in Short - and Long -Term Survival
Among OHCA Patients Alive at Hospital
Arrival
Wong MKY et al. Circulation 2014
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Circulation published online Oct 23, 2008

Post-cardiac arrest disease
ILCOR Consensus Statement

ROSC

20 min

6-12 hours

72 hours

Discharge

Phase
]

Immediate
]

Early

]
Intermediate

Recovery

.|
Rehabilitation

Post-cardiac arrest
disease

Systemic
iIschemia-
reperfusion




Postresuscitation disease after cardiac arrest: a
sepsis-like syndrome?

Christophe Adrie,” lvan Laurent,” Mehran Monchi,” Alain Cariou,”
Jean-Francois Dhainaou® and Christian Spaulding®

. Ischemia and reperfusion syndrome
Inflammatory response
Coagulopathy

Circulatory failure

Adrenal dysfunction

Bih WN R

Current Opinion in Crit Care. 2004



:
Six-month survival: . QJ Controls n=19
AControls 21% ' HF alone n=20
AHF alone 42%  Pp=0.28 oy HF + HT n=22
AHF + HT 32% 0.7 -
Death by intractable shock (IS): E "-\...:
AControls 42% § 99 \" """ ', WE p=0.026
AHF alone 10%  p=0.009 0.4 - e '
AHF + HT 14% - TUUUUHEGHT  p=0.018
Relative risk of death by IS: = conte
AHF alone 0.21 (95% CI 0.5-0.85) 0.1 1
AHF + HT 0.29 (95% CI 0.09-0.91) 0 + ‘

1 10 100

Multivariate analysis:

High-Volume Hemofiltration
Afrer Out-of-Hospital Cardiac Arrest

A Randomized Study

[van Laurent, MD," Chrstophe Adrie, MDD, Christophe Vinsonneau, MD,*
Jean-Daniel Chiche, MD." Alice Ohanessian, MD 4} Christian Spanlding,
Jean-Francois Dhainaur, MD, PEHD." Mehran Monchi, MID*

Alain Carlou, MI3F
MDDt Pierre Carli, MDD LS

Days

AHF and six-month death: OR 0.21 (95% CI 0.5-0.85)
AHF and death by IS: OR 0.29 (95% CI 0.09-0.91)

Laurent I et al. JACC 2005


http://content.onlinejacc.org/current.dtl
http://content.onlinejacc.org/current.dtl
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“*| Etude HYPERDIA

ChlinicalTrials.gov

A service of the U.S. National Institutes of Health

Hemodynamic Efficiency of an Hemodialysis Treatment With High Permeability in Post-resuscitation Shock (Hyperdia)

This study is currently recruiting participants. ClinicalTrials.gov ldentifier:
Venfied July 2013 by Assistance Publique - Hépitaux de Paris NCT00780299

First received: October 24, 2008
Sponsor:

Last updated: August 1, 2013
Last verified: July 2013
Collaborator: History of Changes

Gambro Industries, MEYZIEU, France

Assistance Publique - Hbpitaux de Paris

Information provided by (Responsible Party):
Assistance Publigue - Hopitaux de Paris

Etude de | 0int®r°t doune membr :
haute perméabilité dans le choc post ACR
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Post-cardiac arrest disease
ILCOR Consensus Statement

Phase
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20 Min

6-12 hours

72 hours

Discharge

Immediate

Early

Intermediate
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]
Rehabilitation

Post-CA
circulatory
failure

Post-cardiac arrest
disease

Systemic
ischemia-
reperfusion




Percutaneous
Circulatory Support

TandemHeart

Pneumatic

Retrograde 7—9F balloon
catheter into the descending
aorta via the femoral artery

Pump mechanism
Insertion

Difficulty of insertion

Degree of circulatory
support (with ideal SVR)

Implantation time g
Limb ische
Hemolysis

Bleeding risk

510k Approval @

Evidence of efficd q4 CO and coronary

#nid peripheral perfusion;
deceased afterload

Centrifugal
21F inflow can

Increased CO, MAP, Mvo,,
and urine output; decreased
lactic acid, creatinine, and
PCWP

+ + (Increased CO by
2.5 L/min)

11-25
++
++++
++
6

Increased CO and MAP;
decreased lactic acid and
PCWP

gnt atrium via the
emoral vein and 15-22F
outflow cannula into the
descending aorta via the
femoral artery

++

++++ (Increased CO to
=4.5 L/min)

10-15

+++

+
++++

Increased CO, MAP, and
oxygenation

SVR indicates systemic vascular resistance; CO, cardiac output; MAP, mean arterial pressure; Mvo,, mixed venous oxygen saturation; and PCWP, pulmonary

capillary wedge pressure.




4 Increase of oxygenated blood
flow to heart, brain, kidney, and P
other organs
Induced hypothermia or not

5 Correct causes of arrest
Monitor complications
Increase of survival rate
in cardiac arrest

3 Start extracorporeal circulation
Stop chest compression

1 Continuous chest
compression until start
of extracorporeal
circulation

Heat
exchanger

Oxygenator

Pump

2 Catheterisation to femoral artery
and vein during chest compression

Co, O,

LIFEBRIDGE B, T®
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|
Clinical paper

Safety and feasibility of prehospital extra corporeal life support

implementation by non-surgeons for out-of-hospital refractory

cardiac arrest™

Lionel Lamhaut®®*, Romain Jouffroy?, Michaela Soldan?, Pascal Phillipe?,

Thibaut Deluze®, Murielle Jaffry®, Christelle Dagron®, Benoit Vivien?,
Christian Spaulding?c, Kim An?, Pierre Carli*-"

Low Flow Management Strategy for Out of Hospital Cardiac Arrest

Transfert "ECLS |

0 25 50 75 100
Low flow in minutes

= No flow

B Advance Life Support
B Transfert to hospital
I ECLS insertion

Fig. 2. ECLS mobile team in action at the scene of the arrest.
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Post-cardiac arrest disease
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ROSC

20 min

6-12 hours

72 hours
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Phase
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Immediate
]
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.|
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Post-CA —
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Systemic
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Circulation

JOURNAL, OF THE AMERICAN HEART ASSOCIATION

o

American Heart
Associatione

Learn and Live..

Adult Immediate Post-Cardiac Arrest Care

1

Return of Spontaneous Circulation (ROSC)

Optimize ventilation and oxygenation

¢ Maintain oxygen saturation >94%
¢ Consider advanced airway and waveform capnography
¢ Do not hyperventilate

Treat hypotension (SBP <90 mm Hg)

IV/IO bolus

Vasopressor infusion
Consider treatable causes
12-Lead ECG

Follow
Consider induced hypothermia commands?

Coronary reperfusion

high suspicion of AMI

‘ Advanced critical care I

© 2010 American Heart Association

Doses/Details

Ventilation/Oxygenation
Avoid excessive ventilation.
Start at 10-12 breaths/min
and titrate to target PETCO
of 35-40 mm Hg.

When feasible, titrate Fio,
to minimum necessary to
achieve Spo, 294%.

IV Bolus

1-2 L normal saline

or lactated Ringer’s.

If inducing hypothermia,
may use 4°C fluid.

2

Epinephrine IV Infusion:
0.1-0.5 mcg/kg per minute
(in 70-kg adult: 7-35 mcg
per minute)

Dopamine IV Infusion:
5-10 mcg/kg per minute

Norepinephrine

IV Infusion:

0.1-0.5 mcg/kg per minute
(in 70-kg adult: 7-35 mcg
per minute)

Reversible Causes

— Hypovolemia

- Hypoxia

— Hydrogen ion (acidosis)
- Hypo-/hyperkalemia

— Hypothermia

— Tension pneumothorax
— Tamponade, cardiac

- Toxins

— Thrombosis, pulmonary
— Thrombosis, coronary



Immediate percutaneous coronary intervention is associated
with improved short and long-term outcome after out-of-

hospital cardiac arrest

Geri G, Dumas F, Bougouin W, Varenne O, Daviaud F, Peéne F, Lamhaut L, Chiche JD,
Spaulding C, Mira JP, Empana JP, Cariou A

No of patients alive
at follow-up, n(%)

60 No PCI PCI
benerv worsev
(- Short-term outcome Odds ratio w ﬂ»
fm - Unadjusted unpaired analysis 901/1243 (72.5) 273/479 (57.0)  0.50 [0.40,0.63] -
No immediate PCI %
c 40+ =1 -
8 r T Adjusted unpaired analysis 706/989 (71.4)  182/415(43.9)  0.71[0.53,0.94] ——
2 - :
% P
3] e Adjusted paired analysis 80/184 (43.5)  104/184 (56.5)  0.64 [0.38,1.08] —a—
9] i 5
& 20 LT
r
7 Immediate PCI
L
14“ Long-term outcome Hazard ratio
K
4 logrank test p < 0.01 Unadjusted unpaired analysis 197/288 (68.4)  154/178 (86.5)  0.35[0.23,0.56] il
O -
T T T T T T
D30 2 4 6 8 10 Adjusted unpaired analysis 166/240 (69.2)  137/157 (87.3)  0.41[0.25,0.68] ——
Time (y)
At risk
No PCI 288 170 112 71 41 22 : : :
Pol 178 118 pos o7 45 5 Adjusted paired analysis 99/135(73.3)  137/157 (87.3)  0.39 [0.22,0.70] ——

0.0 0.5 1.0 15

ESICM Barcelona 2014



ROSC

20 min

6-12 hours

72 hours

Discharge

Phase
]

Immediate
]

Early

]
Intermediate

Recovery

.|
Rehabilitation

Circulation published online Oct 23, 2008

Post-cardiac arrest disease
ILCOR Consensus Statement

Persistent
precipitating
pathology

Post -CA
myocardial
dysfunction

Treatment
targets

— g a Post -anoxic

Systemic
ischemia
reperfusion

brain
injury




Spectrum of consciousness disorders after
cardiac arrest

Normal
consciousness

‘\

Z Severe disability ]

Conscious
wakefulness

Wakefulness

(level of ) \
consciousness) ]—> Permanent MCS |

[ Coma J—{Persistentvs ]—> Permanent VS

[Brain death]

Time
Adapté de Stevens RD et al. Crit Care Med 2006



% Race against-time. In cardiac
arrest, stroke, and trauma,
Jhypothermia may buytime

and save fives.

- =

THE GOP’S IRAQ REBELLION - MEN IN DRAG, AGAIN

ThisMan Was Dead.

T A9 MEDICINE
Eﬁ.ﬂﬁ "\ SCIENCE VOL 317 10 AUGUST 2007
ymore X - -
The Big Chill
HE
| ’ Lowering the body’s temperature improves the chances of surviving a cardiac arrest

and other types of trauma; but as cold therapy expands, researchers are struggling to
f g 4y understand why and for whom it works



http://www.sciencemag.org/content/vol317/issue5846/cover.dtl
http://www.sciencemag.org/content/vol317/issue5846/cover.dtl

WHAT LEVEL?

_——
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33° C: the dogma

9



Critical Care
Me (‘(m . o4 o

~ Targeted temperature management in critical care: A report and
recommendations from five professional societies™

ELROPEARN
RESFIEATLRY
SOCIETY

. G
Society of :
Critical Care Medicine Société

Intensive Care Professionals de Réanimation
de Langue Francaise

37

Induction phase.

36 - Typically, cooling as fast as
. // possible, 3°C/hr
o
@
@ 35
LT
L
a
o
= 34 - Maintenance phase.
E Control to within 0.5 °C
g— Reversion phase.
@ 33 Managed recovery to
w target level, typically
3 normal or just below
normal, warming rates
32 - typically 0.3 °C/hr
31 - T T T
0 500 1000 1500 2000 2500 3000

Profile Time (minutes)



WHAT LEVEL?

36° C: the future?

33° C: the dogma

9



Targeted Temperature Management
at 33°C versus 36°C after Cardiac Arrest

Nielsen N. NEJM 2013

1.0~
Variable 33°C Group 36°C Group
0.8}
CPC at follow-upy
- Total no. of patients 469 464
2 06
s 36°C group
z 1 195 (42) 183 (39)
5 33°C group
s o4 2 23 (5) 39 (8)
3 17 (4) 20 (4)
0.2-] 4 6 (1) 2 (0.5)
e 5 228 (49) 220 (47)
00 P value for trend 0.85
0 200 400 600 800 1000
Days since Randomization
No. at Risk
33°Cgroup 473 230 151 64 15
36°Cgroup 466 235 144 68 12

Nielsen N et al. NEJM 2013



Is sooner really better?



Original Investigation

Effect of Prehospital Induction of Mild Hypothermia on Survival
and Neurological Status Among Adults With Cardiac Arrest [ —
A Ra nd0m|zed C||n|ca| Tr|a| Published online November 17, 2013.

Francis Kim, MD; Graham Nichol, MD, MPH; Charles Maynard, PhD; Al Hallstrom, PhD; Peter J. Kudenchuk, MD;
Thomas Rea, MD, MPH; Michael K. Copass, MD; David Carlbom, MD; Steven Deem, MD; W. T. Longstreth Jr, MD;
Michele Olsufka, RN; Leonard A. Cobb, MD

E With ventricular fibrillation Without ventricular fibrillation

1.004 1.004

Death without awakening Intervention
o i Ef i ————- Control
g 0.80 E 0.80
o TSR o
S I — —————————— I:::]
= 0.60- 2 0.60-
‘= = Death without awakening
a L0l
% =
< 0.40- E 0.40
-E Awakening 'E
5 a N
2 0.20 2 p.204 P e ——
o o e ———— e —— e —— —— ——
Awakening
G T T T T T 1 D T T T T T 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Days Since Cardiac Arrest Days Since Cardiac Arrest

Intervention (n=686) Control (n=671) P value

Rearrest post-randomization 176 (26) 138 (21) .008




"
Neuroprotection after cardiac arrest:
what'’s new?

Calcium channel antagonists

NMDA receptor antagonists

Dexanabinol

Lubeluzole (Nitrous oxide modulator)
CDP-choline

Tirilizad (free radical scavenger)

Anti-ICAM-1 antibody

GM-1 ganglioside

Clomethiazole Erythropoietin

Selenium
Ciclosporine

Fosphenytoin

Piracetam



Jean-Christophe A., 29 ans

Evol uti on
A Score CPC=1aJ6

A Sortie en USIC

A Surveillance électrocardiographique



" JA
Benefit of an early and systematic imaging procedure after suscnmm
cardiac arrest: insights from the PROCAT (Parisian Region Out A
of Hospital Cardiac Arrest) registry.

J CHELLY, N MONGARDON, F DUMAS, O VARENNE, C SPAULDING, O VIGNAUX, P CARLI, J
CHARPENTIER, F PENE, JD CHICHE, JP MIRA, A CARIOU

Resuscitation 2009 OHCA with ROSC

Imaging procedures

@

Cause identified? ‘1,
Yes
Search for cardiac structural

abnormalities:
echo, MRI, (autopsy)

Search for cardiac disease without
structural abnormalities:

repeated ECG, genetic test
S nherte cause? B
Family screening
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Et apres
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Inherited causes of
Sudden Cardiac Death

Without

With structural abnormalities structural
abnormalities

. _ Long QT syndrome,
Coronary Artery Cardiomyopathies short QT syndrome,
Disease (hypertrophic, dilated, Brugad_a, |
ARVC) catecholaminergic
polymorph VT (CPVT)




Sports-Related Sudden Death in the General Population
Eloi1 Marijon, Muriel Tafflet, David S. Celermajer, Florence Dumas, Marie-Cecile Perier, Clrculatlon

Hazrije Mustafic, Jean-Francois Toussaint. Michel Desnos, Michel Rieu, Nordine Benameur.
Jean-Yves Le Heuzey, Jean-Philippe Empana and Xavier Jouven

Circulation. 2011:124:672-681: originally published online July 25, 2011;

| — Young Competitive Athletes

lated SDs

ARV
® Congenital heart discase

Pas plus de 25% des familles sont Informees de
la nécessite de consulter un cardlologue '

encm opu ation
cept young competitive athletes)

Number of

Age, years 75 = Possible HOM
HARVD

Dilated cardiomyopathy
vocarditis

Distribution by age of sports-related sudden deaths (SDs) in the
overall population (blue) and among young competitive athletes
(red).




Dépistage des causes : nous sommes tous concernés...
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15-20% ROSC...

~ 40.000 SCA/yrs

Période pré-hospitaliere

...and ICU admission ﬁ
Période hospitaliere =

7-8 % survivors

6-7 % no or minor sequel

A distance de I'évenement
Long-term?




Circulation published online Oct 23, 2008

Post-cardiac arrest disease

ILCOR Consensus Statement

ROSC

20 min

6-12 hours

72 hours

Discharge

Phase
]

Immediate
|

Early

]
Intermediate

Recovery

.|
Rehabilitation

Que deviennent les
« survivants » ?




Long-term outcomes of out-of-hospital cardiac arrest after

successful early defibrillation.

Bunch TJ, White RD, Gersh B], Meverden RA, Hodge DO, Baliman KV, Hammill SC, Shen
WK, Packer DL.

N Engl J Med. 2003

Health Worse Health Better P Value for the Comparison
Than Expected Than Expected with the General Population
—_————————— =
Pain 0.27
o§. 60 General health 0.12
s Mental health 0.73
< Mean length of follow-up was 4.8+ 3.0y
a 40 Physical functioning 0.14
- Study cohort Emotional role 0.19
-------- Age-, sex-, and disease-matched controls (P=0.68) "
= == U.S. general population (P=0.02) Physjcalile 0.0/
0 : i é i “1 '5 Social functioning 0.65
e Vitality - 0.01
Overall mental component 0.33
Figure 2. Overall Survival among the 79 Survivors, as Compared with Age- )
and Sex-Matched Controls from the General U.S. Population and an Age-, Ovecl physicalicompopedt R
Sex-, and Disease-Matched Population of Patients from Olmsted County, {
Minnesota, Who Did Not Have Out-of-Hospital Cardiac Arrest. =0 40 20 &0 0
Normalized SF-36 Score

« In summary, the rate of survival to hospital discharge was relatively high in a city that had a program of
rapid defibrillation. The majority of survivors returned to work, and their quality of life was in most respects
indistinguishable from that of the general population. The long-term survival rate was similar to that of age-,
sex-, and disease-matched controls who did not have an OHCA. »

Bunch TJ et al. NEJM 2003
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