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General Introduction and outline of the Thesis

InTRoduCTIon

Acute coronary syndromes (ACS) are common cardiac emergencies with considerable 
morbidity and mortality. In Europe the rate of death due to cardiovascular disease is 
45%, of which approximately half is the result of coronary heart disease (1). In the Neth-
erlands, one out of every three myocardial infarction patients suffers from heart failure 
in the years after an acute coronary syndrome (2).

Based on electrocardiographic findings, acute coronary syndromes can be divided into 
ST-segment myocardial infraction (STEMI) and non-ST-segment elevation ACS (NSTE-
ACS). The latter includes both non-ST-elevation myocardial infarction (NSTEMI) and 
unstable angina, depending on the presence of myocardial necrosis.

The most common mechanism for acute myocardial infarction is rupture or erosion 
of a vulnerable, lipid-laden, atherosclerotic coronary plaque, resulting in exposure of 
blood to highly thrombogenic core and matrix materials in the plaque, leading to the 
formation of thrombus. A totally occluding thrombus will interrupt flow in the coronary 
artery and will typically lead to STEMI (3). Partial or transient obstruction of flow in the 
culprit artery as well as distal embolization of thrombus can result in NSTEMI or unstable 
angina (4).

For these reasons, one of the cornerstones of the treatment of ACS patients is coronary 
angiography with the aim to identify coronary lesions that require revascularization (4).

Coronary angiography in acute coronary syndromes
Although the treatment of STEMI and NSTE-ACS is largely similar, there is a clear differ-
ence in the optimal timing of coronary angiography between the two. In patients with 
STEMI the preferred treatment is immediate coronary angiography and percutaneous 
coronary intervention (PCI), as this restores coronary blood flow in the infarct related 
artery and by doing so salvages myocardium and improves survival (5).

In NSTE-ACS, routine coronary angiography compared to a selective invasive strategy 
leads to a reduction in ischemic endpoints, particularly in high-risk patients (6). How-
ever several studies have failed to show a benefit of immediate coronary angiography 
and PCI compared to a delayed strategy in patients with NSTE-ACS (7, 8).

Multiple randomized controlled trials (RCT) have investigated the effect of an early in-
vasive strategy, defined as coronary angiography performed within 24 hours of hospital 
admission, compared to a delayed strategy in patients with NSTE-ACS. The two largest 
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RCTs are the TIMACS and VERDIC trial, both had more than 1000 patients in each treat-
ment group. These studies found no benefit of an early invasive strategy in unselected 
NSTE-ACS patients for a composite of clinical outcomes including death or myocardial 
infarction. However, benefit of an early invasive strategy was strongly associated with 
the patient’s risk profile. In pre-specified subgroup analyses, patients with a GRACE risk 
score > 140 benefited from an early invasive strategy in both studies, while those with a 
GRACE risk < 140 did not (9, 10). Furthermore, an early invasive strategy was associated 
with a lower risk of recurrent ischemia (11, 12) and a shorter hospital stay (11).

This led to guidelines recommending an invasive strategy within 24 hours in high-risk 
NSTE-ACS patients and an invasive strategy within 72 hours for intermediate-risk pa-
tients. While in NSTE-ACS patients with low risk, a selective invasive strategy with non-
invasive stress testing was considered appropriate (13).

Coronary angiography in transient STEMI
A number of patients with ACS present with ST-segment elevation but show complete 
normalization of the ST-segments and relief of symptoms before reperfusion therapy 
has been initiated. This is commonly referred to as transient ST-segment elevation and 
poses a therapeutic challenge, as it is unclear whether this condition should be consid-
ered as STEMI or NSTEMI. There are therefore no recommendations with respect to the 
optimal treatment and in particular timing of coronary angiography in these patients.

It has been advocated that patients with transient STEMI may benefit from an immediate 
invasive strategy by reducing infarct size in case of ongoing infarction or by preventing 
reinfarction. On the other hand, a delayed approach generates time to adequately treat 
the patient with anticoagulants and platelet inhibitors and allows for stabilization of 
the ruptured plaque and reduction of thrombus load. The latter might lower the rate of 
procedural complications as was seen in a small observational study of patients with 
transient STEMI (14).

In this thesis, the TRANSIENT trial addresses the question of the optimal timing of coro-
nary angiography and revascularization in patients with transient STEMI by randomizing 
them to an immediate invasive strategy (a STEMI like approach) or delayed invasive 
strategy (NSTEMI like approach). We hypothesized that a delayed invasive strategy 
reduces the primary endpoint of infarct size measured by cardiac magnetic resonance 
imaging (CMR) at 4 days. Infarct size is known to be closely related to morbidity and 
mortality and strongly predicts patient outcome after ACS (15). CMR is an established 
method for infarct size calculation in both acute and chronic myocardial infarctions and 
is currently considered the gold standard (16, 17).
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Coronary angiography in out of hospital cardiac arrest
Out-of-hospital cardiac arrest (OHCA) is an important contributor to mortality and 
morbidity in Europe and the United States. Despite improvements in the field of resus-
citation and intensive care management, survival of these patients remains low. Even if 
a patient is successfully resuscitated from OHCA and admitted to the intensive care unit, 
there is still a mortality of 50% (18).

An important cause of this poor survival is post-cardiac arrest syndrome, a condition 
that includes anoxic brain injury, myocardial dysfunction, and systemic ischemic reper-
fusion injury due to hypo-perfusion during the arrest.

While there are many causes of OHCA, ischemic heart disease including ACS is the most 
common etiology of the arrest in patients who survive to ICU admission. Coronary artery 
disease has been reported in up to 70% of resuscitated patients referred for immediate 
coronary angiography (19).

Directly after the arrest, the cause is often unclear and can lead to uncertainty on the 
optimal management of the patient. If the post-cardiac arrest ECG shows ST-segment 
elevation, the preferred treatment is immediate coronary angiography, as the rate of an 
acute thrombotic coronary lesion is high in these patients and PCI can salvage myocar-
dium and may improve survival (5).

In cardiac arrest patients without signs of STEMI, the etiology of the arrest is more het-
erogeneous and the role of immediate coronary angiography is still debated. Random-
ized data are lacking and several nonrandomized studies showed conflicting results (20, 
21).

However, an acute thrombotic coronary occlusion was found during early angiography 
in up to 26% of post-resuscitation patients without ST-segment elevation on the ECG 
(20). These patients might therefore benefit from immediate reperfusion by PCI.

Hence, guidelines recommended an individualized approach for these patients and 
coronary angiography directly after the exclusion of an obvious non-coronary cause of 
the cardiac arrest (13). It has been advocated, however, that these recommendations 
should be validated by data from RCTs (22).

In this thesis, the COACT (Coronary angiography after cardiac arrest) trial addresses the 
effect of immediate coronary angiography in patients successfully resuscitated from 
OHCA without ST-segment on the ECG by randomizing them to an immediate invasive 
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strategy or a delayed invasive strategy. We have hypothesized that an immediate inva-
sive strategy would improve the primary endpoint of 90-day survival.

ouTlIne of The ThesIs

Part I- The TRansIenT trial: Timing of revascularization in patients with 
transient sT-segment elevation myocardial infarction
In the first part of this thesis we focus on the question whether transient STEMI should be 
considered STEMI or NSTEMI with regard to the timing of revascularization. In Chapter 
2 we describe the rationale and design of the multicenter, randomized TRANSIENT trial. 
Which compared an immediate (STEMI like) invasive strategy with a delayed (NSTEMI 
like) invasive strategy in patients with transient STEMI. In Chapter 3 we report on the 
primary endpoint of the TRANSIENT trial, myocardial infarct size measured by CMR 
at 4 days of the two treatment strategies. We furthermore compared levels of cardiac 
markers, left ventricular ejection fraction and volumes measured by CMR between the 
two strategies. As well as major adverse cardiac events, consisting of death, myocardial 
infarction and target vessel revascularization at 30 days as well as the safety endpoints 
bleeding and need for urgent intervention due to signs of reinfarction before the index 
procedure. Chapter 4 reports on patient characteristics and outcomes of patient with 
transient STEMI compared to patients with STEMI. Including angiographic and CMR 
features, as well as coagulation status.

Part II- The CoaCT trial: Coronary angiography after cardiac arrest 
without sT-segment elevation
The second part of this thesis addresses the role of immediate coronary angiography in 
patients successfully resuscitated from OHCA in the absence of ST-segment elevation. In 
Chapter 5 we elaborate on the rationale and design of the multicenter, randomized CO-
ACT trail. This study compared immediate coronary angiography with delayed coronary 
angiography, after neurological recovery, in these patients. Chapter 6 reports on the 
primary endpoint of the COACT trial, survival at 90 days of the two treatment strategies. 
As well as a number of secondary endpoints including neurological outcomes, duration 
and extent of intensive care support, major bleeding and myocardial injury. In Chap-
ter 7 we report the one-year outcomes of both treatment groups in the COACT study, 
including survival, revascularization and heart failure hospitalization since the index 
hospitalization, ICD shocks and quality of life. In Chapter 8 we investigate the effect 
of timing of angiography in the COACT trial on left ventricular function in patients after 
cardiac arrest, measured by CMR or echocardiography. In Chapter 9 we focus on sex 
differences in patients with OHCA without ST-segment elevation in the COACT study. 
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Including angiographic, treatment and outcome features. Finally, Chapter 10 addresses 
the question of the optimal targeted temperature management in patients after cardiac 
arrest by comparing patients in the COACT study treated with mild therapeutic hypother-
mia (32.0°-34.0°) and normothermia (36.0°-37.0°) and its effect on survival, neurological 
outcomes and quality of life.
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absTRaCT

Background Patients with chest pain and a pre-hospital ST-segment elevation myocar-
dial infarction (STEMI) are preferably treated with immediate percutaneous coronary 
intervention (PCI). However, patients with normalization of symptoms and ST-segment 
elevation upon hospital arrival (transient STEMI) receive inconsistent therapy due to 
logistic reasons and the absence of evidence or explicit guidelines. In this trial the opti-
mal timing of coronary angiography and subsequent revascularisation is investigated in 
patients presenting with transient STEMI.

Methods In this prospective, multi-centre, randomized controlled clinical trial, 142 
consecutive patients with initially acute chest pain and STEMI, whose symptoms and 
ST-segment elevation resolve upon admission, are randomized to immediate interven-
tion or a delayed intervention. Primary outcome is infarct size measured at 4 days 
determined by cardiovascular magnetic resonance. Secondary outcomes are left ven-
tricular function and volumes, myocardial salvage and microvascular injury at baseline, 
the change in left ventricular function, volumes and infarct size at 4 months and major 
adverse cardiac events at 4 and 12 months.

Conclusion The Transient Trial evaluates whether a delayed invasive strategy (accord-
ing to NSTEMI-guidelines) is superior to an immediate invasive strategy (according to 
STEMI-guidelines) in patients with a transient STEMI.
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InTRoduCTIon

background
Patients with chest pain and a pre-hospital electrocardiogram with ST-segment elevation 
myocardial infarction (STEMI) are preferably treated with heparin, aspirin and a P2Y12 
inhibitor by the ambulance personnel, and transported to the nearest percutaneous 
coronary intervention (PCI) centre for immediate reperfusion therapy (1-4). However, in 
a number of patients, symptoms and ST-segment shifts completely resolve before initia-
tion of the PCI procedure, and optimal management of this situation is not outlined in 
the current guidelines. The incidence of patients with such a transient STEMI, or TSTEMI 
as it is referred to (5), is estimated to be between 4-18% (5, 6), though often not reported. 
It can be postulated that pre-hospital treatment and the use of newer antiplatelet 
agents with faster bioavailability will increase this number even further. The optimal 
management of this syndrome has not yet been established. The current practise of 
treating patients with TSTEMI varies between physicians and hospitals. Often logistical 
factors like time of the day and availability of the catheterization laboratory play an 
important part in the decision making. Presently there are no randomized controlled 
trials addressing the topic of optimal timing of coronary angiography and subsequent 
revascularisation in patients with TSTEMI.

In patients with persistent ST-segment elevation, primary PCI without further delay is 
the preferred reperfusion strategy (3, 4). The optimal timing of intervention in patients 
presenting with acute coronary syndromes without ST-segment elevation (NSTE-ACS) 
has been debated for years. The ABOARD trial included patients with NSTE-ACS and 
compared a strategy of immediate intervention (mean time to start of intervention 70 
min) with a strategy of intervention deferred to the next working day (mean time 21 
hours) and showed no difference in infarct size as defined by peak troponin level (7). 
The TIMACS trial revealed a significant 38% reduction in death, myocardial infarction 
(MI) or stroke at 6 months in high risk NSTE-ACS patients (GRACE score >140), with an 
early (≤24 hours) compared with a delayed (≥36 hours) strategy. No significant difference 
in treatment strategy was observed in patients with a low to intermediate risk profile 
(GRACE score ≤140) (8). Furthermore, a recent analysis showed no relation between 
the timing of angiography and long-term cardiovascular mortality or MI in NSTE-ACS 
patients (9). Only a minority of patients in these trials had a TSTEMI, but the proportion 
is not reported, hence no further conclusions can be drawn from these results.

Meisel et al. described 69 consecutive patients with TSTEMI and compared them with 
a conventionally treated matched control group with persistent ST-segment elevation. 
Patients with TSTEMI had coronary angiography 36 ± 39 hours after symptom onset, 
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showing TIMI 2-3 flow in the majority (84%, versus 38% in the STEMI group). The TSTEMI 
patient group had less myocardial damage, less extensive coronary artery disease, and a 
better cardiac function as measured with echocardiography (5). This might suggest that 
optimal medical therapy with a delayed invasive approach is an appropriate therapy in 
patients presenting with TSTEMI. Meneveau et al. investigated a matched comparison 
between a group of 39 patients with TSTEMI treated with immediate angioplasty, and 
a group of 39 patients with TSTEMI treated with delayed angioplasty (24 hours) (10). 
All patients had a thrombus containing lesion. Patients in the delayed group showed 
thrombus load reduction at the time of PCI and less procedural-related complications, 
suggesting superiority of a delayed strategy compared to an immediate invasive ap-
proach.

Both current European and American guidelines for the management of acute coronary 
syndromes in patients presenting without persistent ST-segment elevation recommend 
an early invasive strategy (within 24 hours) for high risk patients (GRACE score >140) 
and a delayed invasive strategy for intermediate risk patients (GRACE score ≤140) (11, 
12). No recommendations are provided for patients with TSTEMI. Transient ST-segment 
elevation suggests an area of transmural ischemia and might identify a high risk patient 
that may benefit from immediate intervention by preventing on-going ischemia or re-
infarction. On the other hand, the above mentioned observations suggest that these 
patients have better outcome than STEMI patients, and a delayed invasive approach 
may prevent procedural related myocardial infarction and therefore even be superior 
to immediate intervention (5, 10). The present study aims to provide data on whether 
a STEMI-like approach with immediate invasive therapy or a non-STEMI-like approach 
with optimal pharmacological pre-treatment is the most appropriate in this particular 
patient cohort.

study objectives
The primary objective is to evaluate whether a delayed invasive strategy is superior 
to an immediate invasive strategy, in patients presenting with a TSTEMI by reducing 
infarct size measured with CMR. The secondary objectives will assess the need for ur-
gent revascularisation, left ventricular function and volumes, myocardial salvage and 
microvascular injury at baseline, the change in left ventricular function, volumes and 
infarct size at 4 months and major adverse cardiac events (MACE) at 4 and 12 months.
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MeThods

overview
The Transient Trial is a prospective, multi-centre, investigator initiated randomized con-
trolled trial of an immediate versus a delayed invasive strategy in patients with a TSTEMI. 
Patients are eligible for the study if they have a clinical presentation of an acute STEMI 
including chest pain and ST-segment elevations on the pre-hospital electrocardiogram 
of at least 2 mm in 2 standard limb leads or in 2 contiguous chest leads and subsequently 
complete resolution of electrocardiographic changes and symptoms with or without 
initial treatment of sublingual nitrate, heparin, P2Y12 inhibitor and/or aspirin. Further 
inclusion and exclusion criteria are listed in Tables 1 and 2. A total of 142 patients will be 
randomly assigned to an immediate or delayed invasive strategy (ratio 1:1). A flow chart 
of the study design is shown in Figure 1. All randomised patients will be included in an 
intention-to-treat analysis.

Table 1. Inclusion criteria Transient Trial.
Age > 18

Clinical presentation of an acute STEMI including chest pain and ST-segment elevations on the ECG of at least 2 
mm in 2 standard limb leads or in 2 contiguous chest leads on the pre hospital ECG

Complete normalization of ST-segment elevations and resolution of symptoms on arrival to the hospital, with 
or without initial treatment of sublingual nitrate, heparin, P2Y12 inhibitor and/or aspirin

Analysis in the study requires additionally that the patient can be followed for at least 12 months after the 
index admission

STEMI: ST-segment elevation myocardial infarction

Table 2. Exclusion criteria Transient Trial.
History of myocardial infarction, coronary artery bypass grafting, heart failure moderate to severe valve 
disease, cardiomyopathy or congenital cardiac disease

Thrombolytic therapy in the previous week

Refractory ischemia, major arrhythmias, hemodynamic instability or heart failure requiring immediate 
catheterization

Alternative causes of transient ST-segment elevation other than myocardial infarction, such as conditions know 
for causing coronary vasospasm

Refusal or inability to give informed consent

GFR<30 ml/min

Contraindications for MRI

Known concomitant disease with a life expectancy of less than one year
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Patient enrolment
The study protocol conforms to the international Conference on Harmonization/Good 
Clinical Practice standards. Participating hospitals have submitted the protocol for ap-
proval by the local ethics committee. Patients with a TSTEMI will be randomised, aft er 
informed consent is obtained, upon arrival in the hospital to either the immediate or 
delayed coronary angiography group. The randomisation will be a permuted-block 
randomization, stratifi ed according to study centre.

All patients will be treated medically with aspirin, a P2Y12 inhibitor, a beta blocker, ni-
troglycerin, a statin and heparin. Dual antiplatelet therapy will be continued for one year 
according to current guidelines. Patients will further receive all other standard medical 
treatment for an acute coronary syndrome at the discretion of the treating physician 
and according to the guidelines.

 
figure 1: Study fl ow chart Transient Trial. (STEMI: ST-segment elevation myocardial infarction)
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Coronary angiography and revascularisation
Patients will undergo coronary angiography and revascularisation immediately, or de-
layed and pending on the GRACE score (>140, within 24 hours or ≤140, within 72 hours). 
If patients in the delayed group show signs of coronary re-occlusion while waiting for 
their intervention, they will undergo urgent intervention and reported as event.

Thrombus burden will be assessed using the TIMI thrombus grading scale. The flow indi-
ces to be determined are the Myocardial Blushing Grade (MBG) and the Thrombolysis In 
Myocardial Infarction (TIMI) flow grade both before and after PCI.

PCI will be performed according to standard procedures and left to the discretion of the 
operator. In case of intermediate stenosis, a fractional flow reserve (FFR) measurement 
will guide in the decision making. In case of multi-vessel disease the strategy will be 
based on the Syntax score and local Heart team protocol.

Cardiovascular magnetic resonance
The baseline CMR scan will be scheduled at 3-5 days after the start of chest pain, and 
follow-up will be performed at 4 months (Figure 2). Patients are studied on a clinical 1.5 
or 3.0 Tesla scanner using a phased array cardiac receiver coil. All images are ECG-gated 
and acquired during mild end-expiration breath holding. For functional imaging, cine 
steady-state free precession images are obtained during repeated breath-holds in the 
three standard long axis views (four-, three- and two-chamber view). Contiguous short 
axis slices are acquired covering the entire left ventricle from base to apex, to examine 
regional and global left ventricular function. Pre-contrast T1 and T2 mapping and post 
contrast T1 mapping will be performed at the level of the infarcted area, for calculation 
of T1-relaxation and T2*-decay measurements (13, 14). Late gadolinium-enhanced (LGE) 
images are acquired 10 minutes after administration of a gadolinium-based contrast 
agent with an inversion-recovery gradient-echo pulse sequence, to identify the size and 
extent of myocardial infarction as previously described (15). All data are obtained with 
identical slice locations for comparison of the different sequences. All CMR images are 
sent to a core laboratory for quality control and blinded central analysis.

From the recorded CMR images, left ventricular volumes are measured and ejection 
fraction is calculated using the summation of slice method multiplied by slice distance. 
Regional T1-relaxation and T2*-decay times will be determined in the infarcted and 
remote myocardium, and the LGE images will be used to measure infarct size and extent. 
Furthermore, the LGE images will be used to assess the presence and extent of microvas-
cular injury (central dark zones within the hyperenhanced, infarcted myocardium), and 
to measure the area at risk using the endocardial surface area method (16). Since both 
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cine and LGE image acquisitions are performed using identical slice positions within one 
imaging session, both data sets are matched per slice, to combine functional and LGE 
information per segment. Comparison of follow-up to baseline images is achieved by 
consensus of two observers using anatomic landmarks

blood sampling
Venous blood samples for CK, CK-MB mass and troponin T determination will be ob-
tained at admission and at 3, 6, 12, 24, 36, 48 and 72 hours in the immediate group. In 
the deferred group this will be performed at the same time points, and additionally at 3, 
6, 12, 24, 36 and 48 hours after coronary angiography and subsequent revascularisation. 
At admission, directly prior to PCI and at 4 months follow-up, c-reactive protein and the 
coagulation status of the patients will be assessed. Prothrombin fragment F1+2, a cleav-
age product that is released during activation of prothrombin to thrombin, and d-dimer, 
degradation product of fibrin, will be analyzed by ELISAs to provide information on the 
in vivo procoagulant state. Von Willebrand factor will be used as marker for the activa-
tion state of endothelial cells, and will be determined by ELISA. Finally, in vitro thrombin 
generation will be tested with calibrated automated thrombography. This test analyzes 
the in vitro capacity of plasma to form thrombin under standardized conditions.

 

 

 

 

 

 

 

 

 

 

 

 
figure 2: Example of cardiovascular magnetic resonance images 4 days (panels A–F) and 4 months (G–J) af-
ter transient inferior acute myocardial infarction, demonstrating the acquisitions to determine the different 
end points. (A) Diastolic and (B) systolic cine image to determine cardiac function, volumes and mass; (C) 
T2 imaging and (D) T2* mapping visualizes acute injury through high signal intensities (arrows) compared 
to remote myocardium; pre-contrast and (E) post-contrast T1 mapping determines the tissue content of in-
farcted myocardium; (F) late gadolinium enhancement for assessment of infarct size and extent (hyperen-
hanced, green dotted area) and area at risk (white dotted area) using the endocardial surface area (red line) 
(16). (G) Diastolic and (H) systolic cine image to calculate the change in cardiac function after 4 months; (I) 
T2 imaging to exclude recent acute injury; (J) late gadolinium enhancement to calculate the regression in 
infarct size after 4 months (green area).
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Major bleeding
Major bleeding is defined using the TIMI criteria as the need for transfusion of >2 units of 
whole blood or packed red blood cell, intracranial or retroperitoneal haemorrhage, a fall 
in haemoglobin of 2.5 mmol/L (or 12% of haematocrit) without an identifiable bleeding 
site, spontaneous or non-spontaneous blood loss associated with 2 mmol/L decline of 
haemoglobin (or 10% of haematocrit) and vascular surgery for bleeding complications 
(17).

Major adverse cardiac events
MACE is defined as cardiac death, target vessel revascularisation or MI and is evaluated 
at 4 and 12 months after the index hospitalisation. The occurrence of myocardial infarc-
tion is evaluated using both the WHO (18)and SCAI criteria (19).

outcomes
The primary objective of the study is total infarct size as percentage of the left ventricle 
at baseline CMR scan, performed 4 days after the start of symptoms. Secondary out-
comes include: area at risk, myocardial salvage and microvascular injury at baseline, 
and infarct size at 4 months measured by CMR; the need for urgent revascularisation 
during follow-up; the difference in infarct size measured by troponin T and CK MB as 
area under the curve; the occurrence of recurrent ischemia requiring urgent revasculari-
sation; the occurrence of major bleeding during the index hospitalisation defined by the 
TIMI bleeding criteria and MACE at 4 and 12 months (see also Table 3).

Table 3. Secondary end points assessed at 4 and 12 months follow-up.
The left ventricle ejection fraction and volumes at baseline and at 4 montshs

The change of infarct size at 4 months relative to baseline

The change of global and regional myocardial function at 4 months relative to baseline using CMR

The difference in the area at risk and myocardial salvage between the two treatment groups (immediate versus 
delayed intervention)

The difference in microvascular injury between the two treatment groups (immediate versus delayed 
intervention).

The difference in infarct size measured by troponin and CK MB as area under the curve

The occurrence of recurrent ischemia requiring urgent revascularisation during the index hospitalisation

The occurrence within 4 and 12 months of MACE defined as cardiac death, myocardial infarction or target 
vessel revascularisation

The presence of clinically overt heart failure at 4 and 12 months

The difference in coagulation status between the two treatment groups (immediate versus delayed 
intervention)

The occurrence of major bleeding during hospitalisation defined by the TIMI bleeding criteria

CMR: cardiovascular magnetic resonance, MACE: major adverse cardiac event
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sample size considerations
The study is powered for the primary endpoint of difference in infarct size between the 
two treatment groups at baseline, measured by LGE CMR. In a previous study in patients 
after acute MI treated by primary PCI, we have demonstrated a mean infarct size of 17% 
of the left ventricle with CMR, with a standard deviation of 10% (15). In NSTEMI patients 
these results are lower, e.g. Xu et al (20) reported a mean infarct size of 10% of the left 
ventricle with a standard deviation of 5%. It is assumed that patients with normalized 
ST-segment ACS are more likely to show CMR characteristics similar to NSTE-ACS pa-
tients as compared to STEMI patients. We hypothesize that there will be a 25% reduction 
in infarct size in the delayed treatment group (a reduction in infarct size from 10% to 
7.5% of the left ventricle). It is desired to have a power of 80% to detect a difference in 
infarct size between the two treatment groups, assuming a standard deviation of 5%. 
Therefore, with 64 patients in each group, the study has 80% power to detect a 2.5% dif-
ference (with α=0.05) between early and delayed intervention. Based on the experience 
in previous studies, it is assumed that up to 10% of patients will be unavailable with 
respect to the infarct size measurements. The sample size must be correspondingly in-
creased to compensate for this loss of information. To maintain 80% power, an increase 
to a total of 142 patients is required.

dIsCussIon

Both current European and American guidelines on the treatment of patients with 
NSTE-ACS advise an invasive strategy pending on risk stratification (11, 12). In patients 
with NSTE-ACS and a high risk (defined as a GRACE score >140) there is a reduction in 
the composite of death, MI, or stroke with an early (within 24 hours) invasive strategy. 
This benefit is not seen in patients with a low to intermediate risk (GRACE score ≤140) 
(8). The cohort of patients suspected of NSTE-ACS is divers, ranging from pulmonary, 
gastrointestinal, musculoskeletal or psychiatric cause, to non-ischemic cardiovascular 
origin (i.e. aortic dissection, myocarditis, pericarditis) or ischemic atherosclerotic diag-
nosis (21), and can also consist of patients with TSTEMI. The diagnostic workup at the 
emergency department will further stratify patients for additional testing to define the 
right diagnosis. Patients with TSTEMI on the other hand, frequently have a clear pre-
sentation with distinct ST-segment deviation and typical symptoms, which fully resolve 
after initial medical treatment and at admission to the hospital. An immediate invasive 
procedure to ensure myocardial perfusion seems obvious, but since perfusion has been 
restored a more careful and patient-based approach may be more desirable to enhance 
plaque or thrombus stabilization, and reduce reperfusion injury through embolization 
of thrombus content (10).
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In the era of primary PCI as the preferred treatment for patients with STEMI, a substan-
tial part of patients have reperfusion during the initial angiography and before primary 
PCI is performed. These patients have resolved symptoms, and may presumably have 
electrocardiographically normalization of the ST-segment and should be classified as 
TSTEMI. Stone et al. reported on the results of 4 PAMI primary PCI trials and showed 
spontaneous reperfusion (TIMI 3 flow) in 16 % of patients at initial angiography (22). 
These patients are less likely to develop complications related to left ventricular failure, 
and have improved early and late survival. Analogue to STEMI patients, TSTEMI patients 
may benefit from an immediate invasive procedure by preventing cardiovascular events 
(re-infarction) that could potentially occur while waiting for a delayed intervention and 
in doing so reduce infarct size. As mentioned before, a delayed approach may actually 
be preferable, allowing stabilization of the patient and time for the ruptured plaque 
to heal and thrombus load to reduce. In the OPTIMA trial for example, immediate PCI 
was associated with an increased rate of MI in comparison with a 24-48 hours deferred 
strategy in patients with a NSTE-ACS (23).

From previous trials investigating NSTE-ACS patients or patients with STEMI and TIMI 
3 flow during primary intervention, it is known that mortality is low, and therefore a 
large number of patients have to be included to have sufficient power to detect a differ-
ence in clinical endpoints between therapeutic strategies. Therefore the surrogate end 
point infarct size has been chosen in this study to detect differences between treatment 
arms. Infarct size is known to be closely related to morbidity and mortality, and strongly 
predicts patient outcome after coronary interventions (24, 25). CMR using a gadolinium-
based contrast agent is an established method for infarct size calculation in both acute 
and chronic MI (26, 27), and is currently considered the gold standard. Besides infarct 
size it offers an accurate and reproducible measure of cardiac function (28). The more 
recent improvements in CMR, such as T1 and T2 mapping, offer techniques to further 
delineate subtle changes in the myocardium caused by mechanical reperfusion and 
recognized predictors of outcome (i.e. infarct-related edema, reperfusion-induced 
microvascular injury and haemorrhage) (13, 29, 30), which is especially important when 
evaluating the optimum timing of reperfusion and comparing the potential complica-
tions of each strategy.

The answer to the key question, of the optimal timing of revascularisation in patients 
with TSTEMI remains unclear, and has not previously been addressed in an adequately 
powered, randomized controlled trial with well-defined end points. After completion 
of this trial we anticipate to complement the guidelines for all patients with acute ST-
segment elevation myocardial infarction, including TSTEMI.
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absTRaCT

aims: Patients with acute coronary syndrome (ACS) who present initially with ST-eleva-
tion on the ECG but, subsequently, show complete normalisation of the ST-segment and 
relief of symptoms before reperfusion therapy are referred to as transient ST-segment 
elevation myocardial infarction (STEMI) and pose a therapeutic challenge. It is unclear 
what the optimal timing of revascularisation is for these patients and whether they 
should be treated with a STEMI-like or a non-ST-segment elevation myocardial infarc-
tion (NSTEMI)-like invasive approach.

The aim of the study is to determine the effect of an immediate vs a delayed invasive 
strategy on infarct size measured by cardiac magnetic resonance imaging (CMR).

Methods and results: In a randomised clinical trial 142 patients with transient STEMI 
with symptoms of any duration were randomised to an immediate (STEMI-like) (0.3 
hours; IQR, 0.2-0.7 hours) or a delayed (NSTEMI-like) invasive strategy (22.7 hours; IQR, 
18.2-27.3 hours).

Infarct size as percentage of the left ventricular myocardial mass measured by cardio-
vascular magnetic resonance imaging (CMR) at day four was generally small and not 
different between the immediate and the delayed invasive group (1.3%; IQR, 0.0-3.5% 
vs 1.5% IQR, 0.0-4.1%, P=.48). By intention to treat, there was no difference in MACE, 
defined as death, reinfarction or target vessel revascularisation at 30 days (2.9% vs 
2.8%, P=1.00). However, 4 additional patients (5.6%) in the delayed invasive strategy 
required urgent intervention due to signs and symptoms of reinfarction while awaiting 
angiography.

Conclusion: Overall, infarct size in transient STEMI is small, and is not influenced by an 
immediate or delayed invasive strategy. In addition, short-term MACE was low and not 
different between the treatment groups.

Key words: Transient STEMI, timing, coronary angiography, percutaneous coronary 
intervention.
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InTRoduCTIon

An estimated 4-24% of patients with acute coronary syndrome (ACS) present with 
ST-segment elevation but show complete normalisation of ST-segments and relief of 
symptoms before reperfusion therapy has been initiated(1,2). This is commonly referred 
to as transient ST-segment elevation myocardial infarction (STEMI)(1) and poses a thera-
peutic challenge, because it is unclear whether this condition should be considered as 
ST-segment elevation myocardial infarction (STEMI) or as non-ST-segment elevation 
myocardial infarction (NSTEMI). Current guidelines have no specific recommendations 
for the treatment of patients with transient STEMI.

The treatment strategies of STEMI and NSTEMI are clearly different. In patients with 
STEMI the preferred treatment is an immediate invasive strategy and percutaneous 
coronary intervention (PCI)(3). In NSTEMI a delayed invasive approach is recommended, 
with an invasive strategy within 24 hours in high-risk patients and an invasive strategy 
within 72 hours for intermediate risk patients(4).

Patients with transient STEMI may benefit from an immediate invasive procedure by 
reducing infarct size in case of ongoing infarction or by preventing reinfarction. On the 
other hand a delayed approach may allow stabilisation of the ruptured plaque and 
reduction of thrombus load. The latter was found by Meneveau et al. in a small obser-
vational study, in which patients with transient STEMI who were treated with delayed 
PCI suffered less procedural complications(5). Therefore, we hypothesized that that 
delaying invasive strategy in patients with transient STEMI will reduce infarct size.

Here we present the first randomised controlled clinical trial in patients with transient 
STEMI in which the outcomes of a STEMI-like approach (with an immediate invasive 
strategy) are compared with a NSTEMI-like approach (with a delayed invasive strategy).

MeThods

study design and participants
The primary objective of the trial was to evaluate whether a delayed invasive strategy is 
superior to an immediate invasive strategy, in patients presenting with a transient STEMI 
by reducing infarct size assessed by cardiovascular magnetic resonance imaging (CMR).
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The TRANSIENT trial was a prospective, investigator-initiated randomised controlled 
clinical study, conducted in five high-volume PCI centres in the Netherlands. The com-
plete study design has been published previously(6).

The study protocol conforms to the international Conference on Harmonisation/Good 
Clinical Practice standards and the Declaration of Helsinki. Central ethics approval was 
obtained by the VU University Medical Center, Amsterdam, the Netherlands, and the 
respective local ethics committees.

The trial is registered with www.trialregister.nl, identifier: NTR4156.

study Protocol
Patients >18 years of age were eligible for the study if they had a clinical presentation of 
an acute STEMI, including symptoms of any duration and ST-segment elevation. Subse-
quently, patients must have complete relief of symptoms and complete normalisation of 
ST-segments. Full in- and exclusion criteria are listed in Supplement I. All patients were 
routinely pre-treated with aspirin, a P2Y12 inhibitor and heparin, which was continued 
until coronary angiography. Patients were randomised in a 1:1 ratio to an immediate or 
a delayed invasive strategy. In patients randomised to the immediate invasive group, 
coronary angiography was initiated as soon as possible. Patients randomised to the 
delayed invasive group underwent coronary angiography pending on the GRACE risk 
score (>140 within 24 hours or ≤140 within 72 hours). PCI was performed according to 
standard procedures and treatment was left to the discretion of the operator.

All CMR images were sent to a core laboratory for quality control and central analysis by 
two independent technicians, blinded to patient information and allocated group.

The primary endpoint of the study was myocardial infarct size (as percentage of the left 
ventricular myocardial mass) measured by CMR at four days. The secondary efficacy 
endpoints were area under the curve of creatine kinase-MB (CK-MB) and troponin T 
(Supplement II) and left ventricle ejection fraction (LVEF) and volumes measured by 
CMR. MACE was obtained at 30 days and was defined as death, reinfarction or target 
vessel revascularisation. The secondary safety endpoints included Thrombolysis In 
Myocardial Infarction (TIMI) major bleeding(7) and the need for urgent revascularisation 
due to signs of reinfarction before the planned procedure.

statistical analysis
The study was powered for the primary endpoint of a difference in infarct size between 
the two treatment groups at baseline, measured by late gadolinium-enhanced CMR. 
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We assumed that patients with transient STEMI are likely to show CMR characteristics 
similar to NSTEMI patients. A previous study reported a mean infarct size of 10% of the 
left ventricle(8). We hypothesised that there would be a 25% reduction in infarct size 
in the delayed treatment group (a reduction in infarct size from 10% to 7.5% of the left 
ventricle).

It was desired to have a power of 80% to detect a difference in infarct size between the 
two treatment groups, assuming a standard deviation of 5%. Therefore, with 64 patients 
in each group, the study had 80% power to detect a 2.5% difference between early and 
delayed intervention (with a two-sided significance level of 5%). Based on the experi-
ence in previous studies, it was assumed that up to 10% of patients would be unavailable 
with respect to the infarct size measurements. The sample size was therefore increased 
to a total number of 142 patients. Statistical analysis is also described in Supplement III.

ResulTs

Between November 12, 2013 and August 31, 2017, 142 patients with transient STEMI 
were enrolled in the five participating hospitals in the Netherlands. A total of 70 patients 
were randomised to the immediate intervention group and 72 to the delayed interven-
tion group. One patient, allocated to the delayed intervention group, withdrew consent 

Take-home figure
A+B. Typical ECG’s of transient STEMI
C. CMR image of typical transient STEMI patient
D. Primary endpoint: infarct size measured by CMR.
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after randomisation. The mean (SD) age of patients was 62.3 (11.6) years and 69.5% was 
male. Baseline characteristics are presented in Table 1A. Patients in the immediate in-
tervention group were more often treated with bivalirudin, while patients in the delayed 
intervention group received more often heparin or fondaparinux during hospitalisation. 
Other medical therapy was similar in the two groups (Table 1B and Supplement IV). 
All patients underwent coronary angiography. The median time of angiography after 
randomisation in the immediate invasive group was 0.3 (IQR, 0.2-0.7) vs 22.7 (IQR, 18.2-
27.3) hours in the delayed group. In the delayed invasive group, four patients (5.6%) un-
derwent urgent intervention due to signs and symptoms of reinfarction while awaiting 
their procedure (Supplement VI). Two of those patients had TIMI 0-1 flow in the culprit 
vessel at the time of angiography. In the immediate group one patient had TIMI 0-1 flow 
in the culprit vessel. All were treated successfully with immediate PCI. All other patients 
showed spontaneous reperfusion at the time of angiography. There was no difference 
in the location of the culprit vessel or the extent of coronary artery disease between the 
two groups. The rate of PCI was higher in the immediate invasive group compared to the 
delayed invasive group (90% vs 74.6%, P=.03). Patients in the delayed invasive group 
underwent coronary artery bypass grafting (CABG) more often compared to those in the 
immediate invasive group (11.3% vs 0%, P=.01).

CMR was performed in 124 of the 142 patients (87%). The main reasons for not perform-
ing CMR included claustrophobia and refusal by the patient. In all patients CMR was 
performed after the invasive procedure and revascularization by PCI. In a subset of pa-
tients treated with CABG the CMR was performed before revascularisation. The primary 
endpoint, left ventricular infarct size, was very small in general and not significantly 
different between the immediate invasive group and the delayed invasive group (1.3%; 
IQR, 0.0-3.5% vs 1.5%; IQR, 0.0-4.1%, P=.48) (Figure 2A). Also, LVEF (58.0%; SD, 6.3% in 
the delayed group vs 57.5%; SD, 7.0% in the immediate group, P=.66) as well as all other 
CMR parameters did not differ between the groups (Table 2, Supplement V).

The CK-MB and/or troponin levels were available in 141 (99%) patients (Table 3A). In the 
immediate group, the area under the curve of troponin T was in 10.56 (IQR, 5.13-27.85) 
vs 15.08 (IQR 3.85-24.17) in the delayed group (P=.80) (Figure 2B). CK-MB release was 
also not different between groups (Figure 2C).

MACE rate at 30 days was 2.9% in the immediate invasive group and 2.8% in the de-
layed invasive group, which was not significantly different (Table 3B). For the principal 
analysis, the 4 patients with urgent unplanned procedures in the delayed invasive group 
were counted as crossovers, not adverse events. In a sensitivity analysis in which these 
were counted as MACE events (including two of which were considered reinfarctions 
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because of TIMI 0/1 flow at CAG), the MACE rates were 2.9% in the immediate invasive 
group vs. 8.5% in the delayed invasive group (P=0.28). However, these adverse events 
did not result in an increased infarct size in the delayed invasive arm (supplement VI, 
VII). Mortality at 30 days was low and only one patient died due to pulmonary complica-
tions after CABG in the delayed invasive group. The timing of the intervention did not 
influence the incidence of TIMI major bleeds (1.4% in the immediate group vs 2.8% in 
the delayed group).

Table 1 a. baseline characteristics

Characteristics

Immediate 
Invasive
(n=70)

delayed 
Invasive
(n=71) P Value

Age, mean (SD), y 62.0 (11.7) 62.6 (11.6) .74

Sex, No. (%), male 48 (68.6) 50 (70.4) .86

Hypertension, No. (%) 20 (28.6) 33 (46.5) .04

Diabetes mellitus, No. (%) 8 (11.4) 8 (11.3) 1.00

Smoking, No. (%)

.48Current 34 (48.6) 30 (42.3)

Previous 17 (24.3) 15 (21.1)

Hypercholesterolaemia, No. (%) 15 (21.4) 18 (25.4) .69

Family history of CAD, No. (%) 30 (42.9) 32 (45.1) .87

Previous PCI, No. (%) 4 (5.7) 4 (5.6) 1.00

Previous CABG, No. (%) 2 (2.9) 1 (1.4) .62

CVA, No. (%) 5 (7.1) 4 (5.6) .74

Peripheral artery disease, No. (%) 6 (8.6) 6 (8.5) 1.00

ST-segment elevations ECG, No. (%) .72

Pre-hospital 67 (95.7) 66 (93.0)

Emergency department 3 (4.3) 5 (7.0)

Sum of ST-segment elevation, median (IQR), mm 7 (3-11) 5 (3-9) .10

Localisation of ST-segment elevation on the ECG, No. (%)

.86

Anterior 25 (35.7) 25 (35.2)

Lateral 3 (4.3) 5 (7.0)

Inferior 40 (57.1) 38 (53.5)

Posterior 2 (2.9) 3 (4.2)

Killip class I, No (%) 70 (100.0) 71 (100.0) *

GRACE risk score (for mortality at admission), No. (%)

.70
Low risk (≤108) 21 (30.0) 17 (23.9)

Medium risk (109-140) 22 (31.4) 26 (36.6)

High risk (>140) 27 (38.6) 28 (39.4)
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b. Coronary angiography parameters and treatment

Variable

Immediate 
Invasive 
(n=70)

delayed Invasive 
(n=71) P Value

Symptoms – inclusion time, median (IQR), h 2.7 (1.5-3.8) 2.3 (1.6-4.2) .89

Symptoms – CAG time, median (IQR), h 3.1 (1.9-4.9) 25.8 (20.2-30.5) <.001

Inclusion – CAG time, median (IQR), h 0.3 (0.2-0.7) 22.7 (18.2-27.3) <.001

CAD severity (≥70% stenosis), No. (%) .61

1 -Vessel disease 41 (58.6) 34 (47.9) .24

2-vessel disease 14 (20.0) 16 (22.5) .84

3-vessel disease 10 (14.3) 13 (18.3) .65

Left main disease 0 (0.0) 0 (0.0) NA

No significant coronary stenosis 5 (7.1) 8 (11.3) .56

Culprit vessel, No. (%) .76

LAD 24 (34.3) 24 (33.8) 1.00

LCX 9 (12.9) 9 (12.7) 1.00

RCA 31 (44.3) 27 (38.0) .50

Left main 0 (0.0) 0 (0.0) NA

Graft 0 (0.0) 1 (1.4) 1.00

No culprit 6 (8.6) 10 (14.1) .43

TIMI-flow at CAG, No. (%)

.50
0-1 1 (1.4) 2 (2.8)1

2 9 (12.9) 5 (7.0)

3 60 (85.7) 64 (90.1)

Treatment, No. (%) .01

PCI 63 (90.0) 53 (74.6) .03

CABG 0 (0.0) 8 (11.3) .01

Conservative 7 (10.0) 10 (14.1) .61

TIMI-flow post-PCI, No. (%), n=116 (n=63) (n=53)

.34
0-1 0 (0.0) 0 (0.0)

2 7 (11.1) 3 (5.7)

3 56 (88.9) 50 (94.3)

Medication during CAG, No. (%)

Unfractionated heparin 60 (85.7) 70 (98.6) .004

GpIIb/IIIa inhibitor 5 (7.1) 4 (5.6) .74

Bivalirudin 10 (14.3) 1 (1.4) .01

Medication during hospitalisation, No. (%)

ASA 70 (100.0) 71 (100.0) NA

Ticagrelor 50 (71.4) 55 (77.5) .44

Prasugrel 18 (25.7) 10 (14.1) .09

Clopidogrel 2 (2.9) 6 (8.5) .27
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b. Coronary angiography parameters and treatment (continued)

Variable

Immediate 
Invasive 
(n=70)

delayed Invasive 
(n=71) P Value

Bivalirudin 10 (14.3) 1 (1.4) .01

Unfractionated heparin/LMWH/fondaparinux 19 (27.1) 68 (95.8) <.001

GpIIb/IIIa inhibitor 7 (10.0) 6 (8.5) .78

Statin 69 (98.6) 71 (100.0) .50

ACE inhibitor or ARB 55 (78.6) 52 (73.2) .56

Beta-blocker 57 (81.4) 62 (87.3) .36

Nitroglycerine iv 13 (18.6) 24 (33.8) .06

Hospitalisation duration, median (IQR) days 4 (3-5) 3 (3-6) .91

Abbreviations: ACE, angiotensin-converting-enzyme; ARB, angiotensin II receptor blocker; ASA, acetylsalicylic acid; CABG, 
coronary artery bypass graft ing; CAD, coronary artery disease; CAG, coronary angiography; ECG, electrocardiogram; CVA, 
cerebrovascular accident; GpIIb/IIIa, glycoprotein IIb/IIIa; IQR, interquartile range; LAD, left  anterior descending artery; 
LCX, left  circumfl ex artery; LMWH, low molecular weight heparin; PCI, percutaneous coronary intervention; RCA, right 
coronary artery; SD, standard deviation; TIMI, Thrombolysis In Myocardial Infarction.
The sum of ST-segment elevation is the sum of ST-segment elevation in all 12 leads.
1Urgent CAG due to recurrent signs and symptoms of reinfarction.

figure 1. enrolment fl ow diagram
CMR, cardiovascular magnetic resonance imaging; STEMI, ST-segment elevation myocardial infarction.
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figure 2. Infarct size by CMR and cardiac biomarkers
CK-MB, creatine kinase-MB; CMR, cardiovascular magnetic resonance imaging; LV, left ventricle.
A. The ends of the boxes indicate the interquartile ranges; the middle lines indicate the medians; the whiskers indicate the 
2.5-97.5 percentiles.
B-C. The black dashed lines demonstrate the median time to coronary angiography in the immediate invasive group, the 
red dashed lines demonstrate the median time to coronary angiography in the delayed invasive group.

Table 2. CMR imaging

outcome

Immediate
Invasive
(n=70)

delayed
Invasive
(n=71) P Value

CMR performed, No. (%) 61 (87.1) 63 (88.7) .80

CMR analysed, No. (%) n=123 60 (85.7) 63 (88.7) .62

Inclusion - CMR time, mean (SD), d n=124 4.3 (1.4) 4.4 (1.7) .69

Infarct size, median (IQR), % of LV, n=1191,2 1.3 (0.0-3.5) 1.5 (0.0-4.1) .48

Categorical infarct size, No. (%), n=1191,2

.90

No infarction 23 (39.0) 20 (33.3)

0.1- 5.0% 26 (44.1) 28 (46.7)

5.1-9.9% 6 (10.2) 8 (13.3)

≥10.0% 4 (6.7) 4 (6.7)

LVEF, mean (SD), %, n=123 57.5 (7.0) 58.0 (6.3) .66

MVO present, No. (%), %, n=1202 2 (3.3) 3 (4.8) 1.00

Abbreviations: CMR, cardiovascular magnetic resonance imaging; IQR, interquartile range; LV, left ventricle; LVEF, left ven-
tricular ejection fraction; MVO, microvascular obstruction; SD, standard deviation.
1In one patient cine images were of insufficient quality for analysis.
2In three patients no LGE images were available because CMR was aborted due to discomfort of the patient.

Table 3 a. Cardiac biomarkers

outcome

Immediate
Invasive
(n = 70)

delayed
Invasive
(n = 71) P Value

Baseline troponin T, median (IQR), µg/L 0.047 (0.023-0.106) 0.043 (0.017-0.91) .58

Peak troponin T, median (IQR), µg/L 0.309 (0.150-0.751) 0.397 (0.127-0.842) .75

AUC course troponin T, median (IQR) 10.56 (5.13-27.85) 15.08 (3.85-24.17) .80

Peak CK-MB, median (IQR), U/L, n = 133 20.6 (10.4-41.3) 20.0 (8.3-32.2) .83

AUC course CK-MB, median (IQR), n = 133 462.1 (219.5-921.4) 479.3 (200.9-937.7) .26
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dIsCussIon

The TRANSIENT trial is the first prospective, randomised, controlled study assessing 
the effect of a STEMI-like approach vs a NSTEMI-like approach in patients presenting 
with transient STEMI. We found no difference for the primary endpoint left ventricular 
infarct size as assessed by CMR between both groups. In general, we found infarct size in 
patients with transient STEMI to be very small. Also, we observed spontaneous reperfu-
sion in all patients that remained free of symptoms or recurrent ST-segment elevation. 
Four patients (5.6%) in the delayed invasive strategy required urgent intervention due 
to signs and symptoms of reinfarction while waiting for their procedure. By intention to 
treat, MACE was low and equally distributed over the two treatment arms. A significant 
shift was observed from PCI to CABG-treatment in the delayed arm.

Current guidelines on STEMI or NSTEMI provide no specific recommendations for the 
treatment of transient STEMI except that in case of “Recurrent dynamic ST-T wave 
changes, particularly with intermittent ST-elevation”, patients should be treated with an 
immediate invasive strategy(4).

b. bleeding and adverse events

outcome

Immediate
Invasive
(n = 70)

delayed
Invasive
(n = 71) P Value

Urgent intervention due to signs of reinfarction before the index 
procedure, No (%)

NA 4 (5.6) NA

Major bleeding, No. (%) 1 (1.4) 2 (2.8) 1.00

CAG-access site related 1 (1.4) 0 (0.0) 1.00

CABG-related 0 (0.0) 2 (2.8) .50

Events at 30 days, No. (%) (n = 68) (n = 71)

Reinfarction 1 (1.5) 1 (1.4) 1.00

Target vessel revascularisation 2 (2.9) 1 (1.4) .61

Definite stent thrombosis 1 (1.5) 1 (1.4) 1.00

Death 0 (0.0) 1 (1.4) 1.00

Cardiac death 0 (0.0) 0 (0.0) NA

MACE at 30 days 2 (2.9) 2 (2.8) 1.00

MACE at 30 days including urgent intervention due to signs of 
reinfarction

2 (2.9) 6 (8.5) .28

Abbreviations: AUC, area under the curve; CABG, coronary artery bypass grafting; CAG, coronary angiography; CK-MB, cre-
atine kinase-MB; IQR, interquartile range; MACE, major adverse cardiac events; SD, standard deviation.
MACE consists of reinfarction, target vessel revascularisation and death
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Overall, short-term clinical outcome was excellent in our study with very low mortality 
(0.7%) at 30-day follow-up. This is in line with a previous report by Rimar et al. who 
found a 30-day mortality of 1% in patients with transient STEMI, which is significantly 
lower as compared to patients with STEMI(9). Furthermore, Blondheim et al. found a 
favourable long-term outcome in transient STEMI patients compared to NSTEMI and 
STEMI patients(10).

Meneveau et al. investigated a matched comparison between a group of 39 patients 
with transient STEMI treated with immediate angioplasty, and a group of 39 patients 
with transient STEMI treated with delayed angioplasty (24 hours). Patients in the de-
layed group, who were routinely treated with glycoprotein IIb/IIIa (GPIIb-IIIa) inhibitors, 
showed thrombus load reduction at the time of PCI, lower peak CK-MB levels and less 
procedural-related complications, without causing an increase in bleeding or MACE(5). 
Therefore, the rationale of our study was based on the assumption that delaying angi-
ography and PCI in patients with transient STEMI will reduce infarct size by reducing the 
chance of procedural-related complications such as slow or no-reflow, distal embolisa-
tion and microvascular plugging. Indeed we saw a peak in CK-MB levels shortly after PCI 
(Figure 2B). However, this was observed in both groups and did not result in a difference 
in infarct size measured by area under curve or CMR.

Badings et al. recently performed a post hoc analysis of the ELISA 3 trial. In this trial, 
high-risk NSTEMI patients were treated with an early (<12 hours) vs a late (>48 hours) 
NSTEMI strategy. In a subgroup analysis of 129 patients with transient STEMI (24.2% 
of the total ELISA 3 cohort), they found no difference in enzymatic infarct size or the 
primary endpoint of death, reinfarction or recurrent ischaemia at 30 days(2).

Our results are also in line with recent findings on deferred stenting in STEMI patients 
in whom TIMI III flow is restored in the acute phase and stenting is performed during 
hospitalisation in a staged procedure. Although the randomised DEFER-STEMI trial 
showed that deferred stenting in primary PCI reduced no-reflow and increased myo-
cardial salvage in high-risk STEMI patients(11), the much larger DANAMI 3-DEFER trial 
found no significant difference in MACE at two years(12). Furthermore, a CMR substudy 
of the DANAMI 3-DEFER showed no reduction in infarct size in the deferred arm(13). This 
implies that as long as epicardial blood flow is restored, the timing of coronary interven-
tion or stenting is less important for long-term outcome.

Although 5.6% of patients in the delayed invasive group showed signs of reinfarction 
while awaiting their procedure, this did not significantly increase infarct size or MACE. 
Furthermore, the need for urgent intervention is also not uncommon in NSTEMI 
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patients(14). This percentage of reinfarction may be reduced with the routine use of 
GPIIb-IIIa inhibitors in transient STEMI, since Meneveau et al. reported no reinfarction 
in their study(5).

Except for two patients in whom urgent intervention was performed due to reappear-
ance of complaints and ST-segment elevation, no patients in the delayed group had an 
occluded culprit vessel at the time of angiography in our study. Furthermore, while we 
found an increased use of antithrombotic agents in the delayed group, this did not lead 
to an excess in major bleedings.

Interestingly, although the extent of coronary artery disease was similar in both groups, 
PCI was performed in a significantly higher proportion of patients in the immediate 
group (90% vs 75%; P=.03), whereas CABG was exclusively performed in the delayed 
group (0% vs 11.3%; P=.01). The delayed group represents a NSTEMI-like approach. 
Previous studies have shown that in NSTEMI patients PCI is less often reported and CABG 
is quite a common treatment strategy compared to STEMI patients(14).

The incidence of microvascular obstruction (MVO) in the TRANSIENT trial was very small 
(4.2% of patients) compared to what has been reported in STEMI trials (43.6-50% of 
patients)(13,15), also pointing to a relatively benign course and good clinical outcome 
of transient STEMI. Given the small infarct size and the low MVO and MACE rates, these 
patients behave more like NSTEMI than STEMI, although it has been suggested that 
transient STEMI should be considered as a unique group of ACS-patients(10).

Whether the aetiology of transient STEMI is different compared to STEMI is unknown. 
As reported previously, we found patients with transient STEMI to be of a younger age, 
predominantly male and consisting of a high percentage of smokers(2). It has been 
suggested that the latter might play an important role in the aetiology of transient 
STEMI(1,2), as cigarette smoking has been shown to be a major risk factor for coronary 
spasm. Hypercontractility of coronary smooth muscle cells can lead to transient coro-
nary occlusion and transient ST-segment elevation(16). Prolonged coronary spasm can 
trigger coronary thrombosis, while a thrombus forming over a plaque rupture plaque 
itself can cause coronary spasm due to the release of vasoactive agents by platelets(17). 
Also, plaque erosion and temporary thrombotic occlusion could be the underlying aeti-
ology of transient STEMI(18).

study limitations
The trial was powered for a 25% reduction in infarct size in the delayed treatment group, 
from an estimated 10% to 7.5% of the left ventricle. However, the actual observed infarct 
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size was much smaller (1.4%; IQR, 0.0-3.7%) than previously reported, which makes our 
trial inconclusive for superiority regarding infarct size. However, given the extreme low 
infarct size in both groups, it is questionable whether any potential difference in infarct 
size measured by CMR would have clinical impact(19).

Our results only apply to similarly stable patients, as patients presenting with conditions 
such as heart failure and ventricular arrhythmias were not included in this study.

A number of eligible patients was not enrolled. This was either patient or operator 
preference. It carries the risk of selection bias. Furthermore, four centres were initiated 
during the enrolment phase of the study, which is one of the reasons of slow enrolment.

Also, due to the nature of the study we could not blind patients and physicians to the 
allocated treatment arm. The impact on the study outcome is probably small, since 
CMR analysis of the primary endpoint was performed in a blinded fashion. CMR was not 
performed in about 12% of patients. However, in 99% of patients laboratory values were 
available to estimate myocardial infarct size, showing similar results.

Conclusion
This is the first randomised study in patients with transient STEMI. In this specific cohort 
of ACS patients there is no difference with regard to myocardial infarct size, between 
patients treated with an immediate vs a delayed invasive strategy. In general, patients 
with transient STEMI have a very small infarct size and a relatively benign clinical course. 
Therefore, patients with transient STEMI can be treated with both an immediate or 
delayed invasive strategy with similar outcome. These data complement current guide-
lines for both STEMI and NSTEMI.
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suPPleMenTaRy daTa

Supplement to: Lemkes JS, Janssens GN, van der Hoeven NW, et al. Timing of revas-
cularization in patients with Transient ST-segment elevation myocardial infarction: a 
randomized clinical trial.

supplement I: Inclusion and exclusion criteria
Inclusion criteria:
1. Age >18
2.  Clinical presentation of an acute STEMI including chest pain of any duration and ST-

segment elevations on the ECG of at least 2 mm in two standard limb leads or in two 
contiguous chest leads on the prehospital ECG

3. Complete normalisation of ST-segment elevations and resolution of symptoms on 
arrival to the hospital, with or without initial treatment of sublingual nitrate, hepa-
rin, P2Y12 inhibitor and/or aspirin

4. Analysis in the study requires additionally that the patient can be followed for at 
least 12 months after the index admission

Exclusion criteria:
1. History of myocardial infarction, heart failure, moderate to severe valve disease, 

cardiomyopathy or congenital cardiac disease
2.  Thrombolytic therapy in the previous week
3.  Refractory ischaemia, major arrhythmias, haemodynamic instability or heart failure 

requiring immediate catheterisation
4.  Alternative causes of transient ST-segment elevation other than myocardial infarc-

tion, such as conditions know for causing coronary vasospasm
5. Refusal or inability to give informed consent
6. GFR <30 mL/min
7. Contraindications for CMR
8. Known concomitant disease with a life expectancy of less than 1 year

supplement II: description of biomarker measurement
Venous blood samples for CK-MB mass and troponin T determination were obtained at 
admission and at 6, 12, 24, 36, 48 and 72 h in the immediate group. In the deferred group 
this was performed at 6, 12, 24, 36, 48 and 72 h after randomisation (or until PCI) and at 
the moment of PCI and 6, 12, 24, 36 and 48 h after PCI.
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supplement III: additional statistical analysis
Statistical analysis was done on an intention-to-treat basis and performed with SPSS 
Statistics, version 22 (IBM Corp, Armonk, New York). By intention to treat, adverse events 
that happened prior to cardiac catheterization in the delayed invasive arm (e.g. urgent 
revascularizations for unstable symptoms) were not considered endpoint events. How-
ever, a sensitivity analysis was performed wherein these adverse events were considered 
to be MACE. Continuous variables were compared using the independent-samples T test 
for normally distributed data and the Mann-Whitney U test for non-normally distributed 
data. Data were described by mean and standard deviation or median and interquartile 
range when appropriate. Categorical variables were compared using the Fisher’s exact 
test and expressed as percentages. Statistical significance was assumed when two-sided 
p value was below 0.05.

supplement IV: additional angiographic and PCI characteristics

Variable

Immediate
Invasive
(n = 70)

delayed
Invasive
(n = 71) P Value

CAG access site No. (%) .68

Radial 68 (97.1) 67 (94.4)

Femoral 2 (2.9) 4 (5.6)

Nitroglycerin i.c. 23 (32.9) 25 (35.2) .86

Diameter stenosis of culprit lesion, mean (SD), % 73.0 (12.2) 70.0 (14.7) .21

FFR of culprit lesion, No (%) 0 (0.0) 2 (2.8) .50

Thrombectomy, No. (%) 3 (4.3) 0 (0.0) .12

Number of stents, No. (%) (n = 63) (n = 53)

.83
1 56 (88.9) 45 (8.5)

2 5 (7.9) 6 (11.3)

3 2 (3.2) 2 (3.8)

Stent type, No. (%)

.84

EES 23 (36.5) 22 (41.5)

ZES 5 (7.9) 3 (5.7)

SES 33 (52.4) 25 (47.2)

Other 2 (3.2) 3 (5.7)

Total stent length, median (IQR), mm 22.0 (18.0-32.3) 20.0 (18.0-30.0) .31

Maximal stent diameter, median (SD), mm 3.6 (0.6) 3.6 (0.6) .93
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supplement V: additional CMR characteristics

supplement VI: subanalysis of patients who underwent urgent 
intervention due to signs of reinfarction

supplement VII: sensitivity analysis of MaCe at 30 days including events 
prior to planned coronary angiography

outcome

Immediate
Invasive
(n = 70)

delayed
Invasive
(n = 71) P Value

LVEDV, mean (SD), mL, n = 123 152.8 (33.4) 154.9 (35.9) .73

LVESV, mean (SD), mL, n = 123 65.5 (20.1) 65.8 (21.2) .94

LV stroke volume, mean (SD), mL, n = 123 87.3 (20.0) 89.2 (19.6) .60

LVEDM, mean (SD), g, n=1202 95.9 (19.3) 99.5 (26.2) .40

Abbreviations: CMR, cardiovascular magnetic resonance imaging; LV, left ventricle; LVEDM, left ventricular end diastolic 
mass; LVEDV, left ventricular end diastolic volume; LVESV, left ventricular end systolic volume; SD, standard deviation.

outcome

urgent
intervention
(n = 4)

non-urgent
intervention
(n =137) P Value

Infarct size by CMR, % of LV, n = 119 2.78 [0.00-2.78] 1 1.3 [0.00-3.59] .93

AUC course troponin T, median (IQR) 7.156 [2.013-44.814] 11.851 [4.648-25.972] .80

AUC course CK-MB, median (IQR), n = 133 890.0 [248.2-2037.0] 465.5 [215.0-930.2] .49

MACE at 30 days, No (%), n = 139 0 (0.0) 4 (3.0) 1.00
1 One patient refused CMR and one patient could not undergo CMR because of COPD.

outcome

Immediate
Invasive
(n = 68)

delayed
Invasive
(n = 71) P Value

Reinfarction 1 (1.5) 3 (4.2) .62

Target vessel revascularisation 2 (2.9) 5 (7.0) .44

Definite stent thrombosis 1 (1.5) 1 (1.4) 1.00

Death 0 (0.0) 1 (1.4) 1.00

Cardiac death 0 (0.0) 0 (0.0) NA

MACE at 30 days 2 (2.9) 6 (8.5) .28
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absTRaCT

background: Up to 24% of patients presenting with ST-elevation myocardial infarction 
(STEMI) show resolution of ST-elevation and symptoms before revascularization. The 
mechanisms of spontaneous reperfusion are unclear. Given the more favorable outcome 
of transient STEMI, it is important to obtain further insights in differential aspects.

Methods: We compared 251 patients who presented with transient STEMI (n=141) or 
persistent STEMI (n=110). Clinical angiographic and laboratory data were collected at 
admission and in subset of patients additional index hemostatic data and at steady-
state follow-up. Cardiac magnetic resonance imaging (CMR) was performed at 2-8 days 
to assess myocardial injury.

Results: Transient STEMI patients had more cardiovascular risk factors than STEMI 
patients, including more arterial disease and higher cholesterol values. Transient STEMI 
patients showed angiographically more often no intracoronary thrombus (41.1% vs. 
2.7%, P<0.001) and less often a high thrombus burden (9.2% vs. 40.0%, P<0.001). CMR re-
vealed microvascular obstruction less frequently (4.2% vs. 34.6%, P<0.001) and smaller 
infarct size [1.4%; interquartile range (IQR), 0.0-3.7% vs. 8.8%; IQR, 3.9-17.1% of the left 
ventricle, P<0.001] with a better preserved left ventricular ejection fraction (57.8±6.7% 
vs. 52.5±7.6%, P<0.001). At steady state, fibrinolysis was higher in transient STEMI, as 
demonstrated with a reduced clot lysis time (89±20% vs. 99±25%, P=0.03).

Conclusions: Transient STEMI is a syndrome with less angiographic thrombus burden 
and spontaneous infarct artery reperfusion , resulting in less myocardial injury than 
STEMI. The presence of a more effective fibrinolysis in transient STEMI patients may 
explain these differences and might provide clues for future treatment of STEMI.

Key words: Transient ST-elevation myocardial infarction, ST-elevation myocardial in-
farction, culprit vessel patency, cardiac magnetic resonance imaging, fibrinolysis.
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a b
Graphical abstract Patients with transient ST-elevation myocardial infarction have a more eff ective clot 
lysis and signifi cantly smaller myocardial infarct size compared to patients with persistent ST-elevation 
myocardial infarction.
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InTRoduCTIon

Up to one out of four patients who initially present with a ST-elevation myocardial infarc-
tion (STEMI) may subsequently show complete resolution of symptoms and ST-elevation 
before revascularization therapy is initiated1. This condition is called ‘transient STEMI’.

Little is known about the etiology and optimal treatment of transient STEMI and there-
fore current guidelines do not provide specific recommendations for the treatment 
of these patients. It is unclear whether transient STEMI, apart from STEMI or non-ST-
elevation myocardial infarction (NSTEMI), should be considered as a separate entity of 
acute coronary syndrome (ACS) and that might require a different treatment strategy2, 3.

Patients with transient STEMI appear to have a more favorable prognosis than patients 
with persistent STEMI. Previous studies demonstrated a smaller infarct size in transient 
STEMI and the recently published randomized TRANSIENT trial found similar outcomes 
for an immediate, STEMI-like, and a delayed, NSTEMI-like, invasive approach4-6. Spontane-
ous early reperfusion in transient STEMI is most likely the cause of the limited infarct size.

Transient STEMI patients appear to differ from other patients with myocardial infarction 
in that they are characterized by a younger age at presentation, more smoking and less 
arterial hypertension1, 5. In addition, an augmented thrombogenic activity has been 
found in patients with intermittent reperfusion during acute myocardial infarction7. 
Therefore, it remains plausible that patient-specific characteristics account for spon-
taneous reopening of the occluded culprit artery. The profile of the respective patients 
may provide clues to differences in the pathophysiology, that subsequently might lead 
to alternative therapeutic approaches.

The purpose of this study was to assess patient characteristics, hemostatic and an-
giographic findings and functional outcome in prospectively enrolled patients with 
transient STEMI vs. STEMI, in order to reveal specific characteristics and potential clues 
for differences in etiology.

MeThods

study participants
For the current study we included patients from two prospective multicentre studies, 
the TRANSIENT trial (n=142) and the REDUCE-MVI trial (n=110). The study design and 
main results of both studies have been published previously6, 8-10. Both study protocols 
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conform to the Declaration of Helsinki and ethics approval was obtained by the respec-
tive institutional review boards (local medical ethics committees). The inclusion period 
of the two studies fell in the same time frame (between November 2013 and September 
2017) and the majority of patients of both studies was included in the same hospital (VU 
University Medical Center, Amsterdam, the Netherlands). Both studies enrolled patients 
>18 years, presenting with an acute STEMI with ST-elevation on the ECG in at least two 
contiguous leads. Patients in the TRANSIENT trial subsequently had to show complete 
resolution of ST-elevations and symptoms before revascularization therapy was initi-
ated. Exclusion criteria for both trials were a history of myocardial infarction, congestive 
heart failure, a left ventricular ejection fraction of <35%, haemodynamic instability, a 
creatinine clearance of <30 mL/min, contraindications for cardiovascular resonance 
imaging (CMR) or a life expectancy of <1 year (Supplementary material I). All patients 
provided written informed consent for study participation.

study design and outcomes
All included patients were routinely pre-treated in the ambulance with aspirin, a P2Y12 
inhibitor and heparin according to standard protocol. Patients with STEMI were treated 
with immediate percutaneous coronary intervention (PCI) of the culprit lesion and 
thereafter randomized 1:1 to treatment with ticagrelor or prasugrel for 1 year. According 
to the study protocol, transient STEMI patients were randomly assigned 1:1 to an im-
mediate or delayed invasive approach, depending on the Global Registry of Acute Coro-
nary Events bureau (GRACE) risk score (>140 within 24 hours or ≤140 within 72 hours). 
Accordingly, transient STEMI patients received a P2Y12-inhibitor as oral anticoagulant 
for 1 year. In both studies PCI was performed according to standard procedures and 
treatment was left to the discretion of the operator. In both studies all other standard 
medical treatment for acute coronary syndrome was administrated at the discretion of 
the treating physician and according to the guidelines. Detailed demographics, clinical, 
angiographic and laboratory data (e.g., blood cell counts, renal function tests, cardiac 
biomarkers, lipid profile) were recorded and used for the present analysis.

In both studies patients underwent CMR using a clinical 1.5 or 3.0 Tesla scanner at 2 
to 8 days after acute myocardial infarction. Left ventricular function and volumes were 
assessed using cine imaging and late gadolinium enhancement was performed to assess 
infarct size (expressed as percentage of the left ventricular myocardial mass) and pres-
ence of microvascular obstruction.

Besides clinical laboratory data, in a subset of patients blood samples in citrate anticoagu-
lant were collected at admission and steady-state follow-up (transient STEMI patients at 4 
months and STEMI patients at 1 year). Platelet-poor plasma was processed by centrifuga-
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tion and stored in cryovials at -80°C. In a matched subset of 60 patients thrombogenic and 
fibrinolytic activity at admission was measured. The measured coagulation factors were 
prothrombin fragment F1+2, von Willebrand factor antigen, plasmin-alpha(2)-antiplasmin 
(PAP) and D-dimer. With the steady-state blood samples, clot lysis tests were performed by 
an assessor blinded to clinical presentation. To assess clot lysis, optical density of clotting 
plasma, triggered with tissue factor, was measured in the presence of tissue plasminogen 
activator to induce fibrinolysis. This technique has previously been described11. Clot lysis 
time is defined as the time between the maximal rate of fibrin generation and the maximal 
rate of clot lysis. To correct for differences in clot lysis times between the test series, clot 
lysis times were expressed as percentage of the normal pooled plasma.

statistical analysis
Statistical analysis was performed using SPSS Statistics, version 26 (IBM Corp, Armonk, 
New York). Continuous variables were compared using the independent-samples t-test 
for normally distributed data and expressed as mean±standard deviation. Skewed data 
were compared with the Mann-Whitney U test and expressed by median and interquartile 
range (IQR). Categorical variables were compared using the χ2 test for binary variables or 
Fisher’s exact test in case of multiple options and expressed as percentages. To account 
for potential confounding, adjusted analyses were performed using nominal regression 
and linear regression. Regression models included the grouping variable STEMI and 
transient STEMI as predictor together with the potential confounders. Statistical signifi-
cance was assumed when two-sided p-value was <0.05.

ResulTs

Patient characteristics
A total of 141 patients with transient STEMI and 110 patients with STEMI, prospectively 
enrolled between November 2013 and September 2017, was included in the study. Age 
of the total population was 62±11 years. There were relatively more female patients in 
the transient STEMI population (30.5% vs. 14.5%, P=0.004). Transient STEMI patients had 
more frequently a history of peripheral artery disease and previous PCI (P=0.001 and 
P<0.001, respectively). Other cardiovascular risk factors such as hypertension, diabetes 
mellitus, hypercholesterolemia and a positive family history for coronary artery disease 
did not differ between the groups. Median time from onset of symptoms to presentation 
was shorter in the transient STEMI group than in the STEMI group (1.0; IQR, 0.5-2.2 vs. 
1.4; IQR, 0.7-3.6 h, P=0.02). Upon arrival at the hospital, the STEMI group showed a lower 
mean systolic blood pressure and a higher heart rate (both P=0.03) as compared to the 
transient STEMI group (Table 1).
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angiographic characteristics and treatment
In the transient STEMI group 72 patients were randomly assigned to a delayed coronary 
angiography with a median time interval between onset of symptoms and invasive 
procedure of 25.8 h (IQR, 20.2-30.5) h and 70 patients to immediate angiography (3.1 
h; IQR, 1.9-4.9 h). One patient, allocated to the delayed intervention group, withdrew 
consent after randomization. STEMI patients were all treated with immediate coronary 
angiography. The location of the culprit artery differed between the groups (P<0.001), 
with less frequently involvement of the left circumflex artery in transient STEMI than in 
STEMI patients (12.8% vs. 26.4%), while there was no difference in the involvement of 
the left anterior descending artery and right coronary artery. Furthermore, no culprit 
was found in 11.3% of the patients with a transient STEMI. The vast majority of transient 
STEMI patients had a coronary flow of Thrombolysis In Myocardial Infarction (TIMI) 
grade 2-3 before PCI, and a TIMI flow grade 0-1 was seen in only 3 (2.1%) patients, which 
was accompanied by signs of reinfarction. In the STEMI group more than half of the 
patients had TIMI 0-1 flow (overall P<0.001)(Fig. 1a). Accordingly, the thrombus burden 
scores were higher (P<0.001) in STEMI patients (Fig. 1b). The difference in thrombus 
burden was also observed when only looking at the patients that underwent immediate 

Table 1 baseline characteristics

Characteristics

Transient 
sTeMI 
(n=141)

sTeMI 
(n=110) P-value

Sex, male 98 (69.5) 94 (85.5) 0.004

Age, y 62±12 61±9 0.20

Weight, kg 82±15 88±14 0.001

Hypertension 53 (37.6) 33 (46.5) 0.23

Diabetes mellitus 16 (11.3) 11 (10.0) 0.84

Smoking 0.39

 Current 64 (45.4) 47 (43.1) 0.720

 Previous 32 (22.7) 19 (17.4) 0.31

Hypercholesterolemia 33 (23.4) 23 (20.9) 0.65

Family history of CAD 62 (44.0) 42 (38.2) 0.37

Previous PCI 8 (5.7) 4 (3.6) <0.001

Peripheral artery disease 12 (8.5) 0 (0.0) 0.001

Prior antiplatelet therapy 19 (13.5) 9 (8.2) 0.26

Time symptoms-presentation STEMI, hours 1.0 (0.5-2.2) 1.4 (0.7-3.6) 0.02

Systolic blood pressure at admission, mmHg 132±24 127±16 0.03

Diastolic blood pressure at admission, mmHg 77±14 79±12 0.26

Heart rate at admission, bpm 72±14 76±15 0.03

Values are n (%), median (interquartile range), or mean±SD. CAD, coronary artery disease; IQR, interquartile range; PCI, 
percutaneous coronary intervention; SD, standard deviation; STEMI, ST-segment elevation myocardial infarction.
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coronary angiography in both patient groups (no thrombus in transient STEMI 31.4% vs. 
STEMI 2.7%, moderate thrombus burden 54.3% vs. 57.3% and high thrombus burden 
14.3% vs. 40.0%, P<0.001). As transient STEMI patients had more frequently a history 
of PCI and peripheral artery disease, it could be speculated that the use of antiplatelet 
therapy, as well as the shorter time to presentation, was of influence on pre-PCI TIMI 
flow grade and thrombus burden. Therefore additional adjustment for these parameters 
was performed, which did not change the results (Supplementary Table S1).

All STEMI patients were treated with subsequent primary PCI, while 5.7% of the transient 
STEMI patients were treated with coronary artery bypass grafting and 12.1% received 
conservative medical treatment (overall P<0.001). The number of stents for the culprit 
lesion did not differ between the groups (both median 1, IQR 1-1, P=0.30), but the me-
dian total stent length was 10 mm longer in STEMI patients (P<0.001) (Table 2).

Myocardial injury
Myocardial injury, based on peak creatine kinase-MB (CK-MB) and troponin T levels, was 
limited in the transient STEMI group with approximately five times lower values than in 
the STEMI group (CK-MB 20.0 U/L [IQR, 9.8-38.7 U/L] vs. 97.9 U/L [IQR, 35.8-211.0 U/L] 
and troponin 0.357 µg/L [IQR, 0.133-0.791 µg/L] vs. 1.872 µg/L [IQR, 0.506-4.253 µg/L], 
respectively)(Table 3). In accordance, median infarct size measured by CMR was only 
1.4% (IQR, 0.0-3.7%) of the left ventricle in transient STEMI patients compared to 8.8% 
(IQR, 3.9-17.1%) in STEMI patients. Similarly, left ventricular ejection fraction was more 
preserved in transient STEMI patients (57.8±6.7% vs. 52.5±7.6%, both P<0.001) (Fig. 
2a-c) and microvascular obstruction (MVO) was less frequently observed in patients 
with transient STEMI than with STEMI (4.2% vs. 34.6%, P<0.001). Adjustment of the left 
ventricular ejection fraction for time to presentation and final TIMI flow did not change 
the difference between the transient STEMI and STEMI group (Supplementary Table 
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fig. 1 a Pre-PCI TIMI flow grade and b thrombus burden in transient sTeMI vs. sTeMI patients
Abbreviations as in Table 1 and 2.
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Table 2 Coronary angiography parameters and treatment
Characteristics Transient sTeMI (n=141) sTeMI (n=110) P-value

Access site

 radial 135 (95.7) 105 (95.5) 0.91

 femoral 6 (4.3) 6 (5.5) 0.66

Culprit artery <0.001

 Left main 0 (0.0) 0 (0.0)

 LAD 47 (33.3) 34 (15.8)

 LCX 18 (12.8) 29 (26.4)

 RCA 59 (41.8) 47 (53.5)

 No culprit 16 (11.3) 0 (0.0)

Treatment after angiography <0.001

 PCI 116 (82.3) 110 (100.0)

 CABG 8 (5.7) 0 (0.0)

 Conservative 17 (12.1) 0 (0.0)

TIMI flow post-PCI (n=116) (n=110) 0.90

 0-1 0 (0.0) 1 (0.9)

 2 10 (8.6) 9 (8.2)

 3 106 (91.4) 100 (90.9)

Total stent length, mm 22 (18-30) 32 (22-38) <0.001

Maximal stent diameter culprit, mm 3.61±0.62 3.61±0.54 0.97

Procedure-related complications 7 (5.0) 1 (0.9) 0.08

 Dissection 2 (1.4) 1 (0.9)

 No reflow 1 (0.7) 0 (0.0)

 Side branch occlusion 1 (0.7) 0 (0.0)

 Acute stent thrombosis 1 (0.7) 0 (0.0)

 Other 2 (1.4) 0 (0.0)

Medication during CAG

 Unfractionated heparin 130 (92.2) 110 (100.0) 0.003

 GpIIb/IIIa inhibitor 9 (6.4) 13 (11.9) 0.18

 Bivalirudin 11 (7.8) 0 (0.0) 0.003

Medication prescribed during hospitalisation

 ASA 140 (100.0) 108 (99.1) 0.26

 P2Y12 inhibitor 139 (99.3) 109 (100.0) 1.00

 Beta-blocker 118 (84.3) 99 (90.8) 0.18

 Lipid lowering medication 139 (99.3) 108 (99.1) 1.00

 ACE-inhibitor 106 (75.7) 95 (87.2) 0.03

Values are n (%), median (interquartile range), or mean±SD. ACE, angiotensin-converting enzyme; ASA, acetylsalicylic acid; 
CABG, coronary artery bypass grafting; CAG, coronary angiography; GpIIb/IIIa, glycoprotein IIb/IIIa; LAD, left anterior de-
scending artery; LCX, left circumflex artery; NA, not applicable; RCA, right coronary artery; TIMI, thrombolysis in myocardial 
infarction; other abbreviations as in Table 1.
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S2). In the subgroup of patients with transient STEMI without a culprit lesion median 
infarct size was even limited to 0.0% (IQR, 0.0-2.3%) of the left  ventricle compared to 
transient STEMI patients with an identifi able culprit lesion (1.5, IQR, 0.0-4.2%, P=0.01) 
(Supplementary Table S3). Coronary spasm was most frequently (37.5%) the reported 
clinical cause of transient STEMI in these patients (Supplementary Table S4).

Table 3 laboratory values
Characteristics Transient sTeMI (n=141) sTeMI (n=110) P-value

vWF antigen (n=60), % 172±74 179±68 0.72

PAP (n=60), ug/l 766±367 780±752 0.31

D dimer (n=60), mg/L 0.38 (0.26-0.60) 0.40 (0.23-0.59) 0.97

CRP (n=237), mg/L 2.5 (2.5-5.5) 2.5 (2.5-5.0) 0.65

Hb (n=249), mmol/L 9.0±0.9 8.7±0.9 0.01

Ht (n=237) 0.42±0.04 0.41±0.04 0.02

Total leukocyte count (n=248), ∙109/L 10.8±3.4 10.7±3.3 0.79

Glucose (n=243), mmol/L 7.3 (6.5-9.1) 7.6 (6.6-9.3) 0.26

Creatinin (n=250), µmol/L 82.5±17.9 80.6±21.4 0.43

Total cholesterol (n=210), mmol/L 5.3±1.1 4.7±1.1 <0.001

LDL (n=163), mmol/L 3.4±1.1 3.1±1.0 0.08

Triglycerides (n=167), mmol/L 1.2 (0.7-1.5) 0.8 (0.6-1.2) 0.01

Baseline CK-MB, µg/L 3.2 (0.0-11.0) 7.9 (2.5-24.7) <0.001

Baseline troponin T, µg/L 0.045 (0.019-0.095) 0.093 (0.033-0.321) <0.001

Peak troponin T, µg/L 0.357 (0.133-0.791) 1.872 (0.506-4.253) <0.001

Peak CK-MB, U/L 20.0 (9.8-38.7) 97.9 (35.8-211.0) <0.001

Values are n (%), median (interquartile range), or mean±SD. CK-MB, creatine kinase-MB; HDL, High-density-lipoprotein; 
LDL, low-density-lipoprotein; PAP, plasmin-alpha(2)-antiplasmin; vWF, von Willebrand factor; other abbreviations as in 
Table 1.

a        b       c  

 

 

fig. 2 a Platelet levels, b prothrombin fragment f1+2 and c clot lysis time at steady state
Abbreviations: STEMI, ST-elevation myocardial infarction; TSTEMI, transient ST-elevation myocardial infarction.
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Major bleeding did not occur signifi cantly more in patients with transient STEMI com-
pared to STEMI.

laboratory measures
Several diff erences in laboratory values were found between the groups (Table 3). Both 
aft er admission and on day 3 platelet count was higher in transient STEMI patients (Fig. 
3a), but regarding coagulation parameters at baseline only prothrombin fragment F1+2 
showed a trend towards higher plasma levels in transient STEMI patients (238±171 vs. 
179±68 pmol/l, P=0.09) (Fig. 3b). The fi brinolytic measures PAP and D-dimer showed no 
between-group diff erence.

Furthermore, total cholesterol, high-density-lipoprotein and triglycerides were higher 
in transient STEMI patients. At steady state, there was a higher fi brinolytic activity as 
demonstrated by reduced clot lysis times in transient STEMI vs. STEMI patients (Fig. 3c). 
Also aft er adjustment of the analyses of hemostatic parameters for the use of prior anti-
platelet therapy, the diff erences between transient STEMI and STEMI patients persisted 
(Supplementary Table S5).

dIsCussIon

This merged analysis of the TRANSIENT and REDUCE-MVI randomized clinical trials 
provides new evidence supporting that transient STEMI is a clinical entity with specifi c 
characteristics and spontaneous infarct artery reperfusion, associated to less myocar-
dial damage and better clinical outcomes compared to persistent STEMI. We also found 
that transient STEMI patients have a higher fi brinolytic activity. The implications of 
these fi ndings are discussed in the next paragraphs.

a        b       c 

 
fig. 3 a CMR-derived infarct size, b lVef and c MVo
Abbreviations as in Table 4 and Fig. 2.
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Up to a quarter of patients who present with acute myocardial infarction show transient 
ST-elevation with subsequent complete resolution1. Only few studies have compared 
the differences between transient STEMI and STEMI. In the current study, we have 
compared two cohorts of prospectively enrolled transient STEMI and STEMI patients 
in terms of their clinical characteristics and outcomes. Patients were enrolled during 
the same time period, using similar clinical protocols and the majority of patients were 
enrolled at the same hospital. The strength of the current study is that in prospectively 
enrolled patients a combination of hemostatic characteristics and functional outcomes 
were assessed. Several hemostatic factors were measured at baseline, and fibrinolytic 
activity was additionally assessed at steady state to rule out influence of acute coronary 
thrombosis. Functional outcome was measured accurately by CMR.

In accordance with other studies, transient STEMI patients had less frequently occluded 
coronary arteries compared to STEMI patients12, 13. In fact, only 3 patients in the transient 
STEMI group had TIMI 0-1 flow and all 3 patients had signs of reinfarction with chest pain 
and recurrence of ST-elevation before coronary angiography. Of note, no culprit lesion 
was identified in 11.3% of the transient STEMI patients. In transient STEMI patients the 
thrombus burden was lower, which resulted in fewer thrombectomy procedures than in 
STEMI patients (2.1% vs. 10.0%, P=0.01). Furthermore, the stent length for culprit lesions 
was shorter in transient STEMI patients. The clinical and angiographic differences might 
indicate another etiology of transient STEMI. For instance in patients without an identifi-
able culprit lesion, referred to as MINOCA, mostly no infarcted myocardium at all was 
observed, and coronary spasm and passed thromboembolism were most frequently 
reported as underlying cause of the clinical manifestation14. But also in patients with a 
culprit lesion, several differences in characteristics of transient STEMI vs. STEMI point to 
differences in pathophysiological mechanism, such as plaque erosion instead of plaque 
rupture as cause of a temporary coronary occlusion15. It may be of interest to further 
investigate this in future clinical studies with optical coherence tomography to compare 
lesion characteristics.

Similar to previous studies, infarct size was smaller in transient STEMI vs. STEMI patients 
as assessed by CMR and measured with cardiac biomarkers4, 5. The shorter time from 
onset of symptoms to medical presentation in the transient STEMI group is likely to 
have contributed to the smaller infarct size in addition to earlier restoration of coronary 
patency. An alternative mechanism to explain lesser myocardial damage in transient 
STEMI may be more frequent prodromal angina inducing myocardial preconditioning. 
The extent of myocardial damage and residual left ventricular function are strong pre-
dictors for prognosis in patients with ACS16.
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Interestingly, as inconsistently found in previous research, patients with transient STEMI 
presented earlier after the onset of symptoms than STEMI patients (median, 1.0 vs. 1.4 
hours)7, 13. Transient STEMI may represent a precursor of STEMI and the intermittency 
of the coronary occlusion may identify a group of patients in whom the evolution of 
myocardial infarction is relatively slow, while their sensitivity for antithrombotic medi-
cation may be above average. It is well-known that many patients may have ST-elevation 
resolution after antithrombotic therapy, particularly when they present early17. Unfortu-
nately we do not have information whether ST elevation resolution occurred before or 
after the initiation of this therapy in our cohort.

Interestingly, transient STEMI patients were more frequently female and had more 
cardiovascular risk factors than STEMI patients, including more peripheral artery dis-
ease, previous PCI and higher cholesterol values. The latter might be in relation to cor-
respondingly higher levels of lipoprotein(a), a low-density lipoprotein variant. The latter 
might be in relation with findings of Haider et al., who demonstrated that patients with 
intermittent occlusion of the infarct-related coronary artery have higher serum levels 
of lipoprotein(a), a low-density lipoprotein variant, and that this is related to enhanced 
thrombin generation18.

In accordance, the present study shows that patients with intermittent coronary occlu-
sion have a higher level of thrombogenic activity. In transient STEMI patients, platelet 
count was higher and plasma levels of prothrombin fragment F1+2, a measure of the 
generation of the thrombogenic factor thrombin19, showed a trend towards higher 
values. Tissue damage in myocardial infarction can be a cause of acute phase thrombo-
cytosis, which suggests that intermittent reperfusion is an extra stimulus for coagulation 
and thrombosis. The thrombotic stimulus could either be the interaction between the 
restored blood flow and the residual thrombus20 or the underlying collagen exposed 
by the disrupted atheroma21. Furthermore, the increased thrombogenic state may be 
a result of spontaneous lysis underlying the intermittency, increasing the possibility of 
reocclusion. On the other hand the augmented thrombogenic activity may indicate a 
fundamental difference between the groups, in a way that the patients with intermit-
tent occlusion have a slow evolution of thrombus formation. A favorable endothelial 
function rapidly initiating fibrinolysis might be an underlying feature in these patients22.

In the presence of a higher thrombotic activity in the transient STEMI group, one might 
also expect a greater fibrinolytic activity to explain the spontaneous reopening of the 
occluded culprit artery. Although the fibrinolytic measures PAP and D-dimer did not dif-
fer from the STEMI patients at admission, clot lysis testing revealed a higher fibrinolytic 
activity in transient STEMI patients at steady state. These results do not exclude a higher 
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local fibrinolytic activity at the site of the epicardial coronary thrombus in patients with 
transient STEMI. Our findings corroborate the results of Farag et al. who found that pa-
tients with spontaneous ST-resolution had a more rapid fibrinolysis and clot lysis time 
did not change until 30 days after STEMI23. It is therefore presumed that patients who 
develop a transient STEMI have a more effective endogenous fibrinolysis.

Furthermore, according to the PLATO trial, rapid clot lysis is a strong independent 
predictor of favorable outcome in patients with ACS patients, independent of their anti-
platelet therapy24. Therefore, an important question is whether endogenous fibrinolysis 
is a modifiable feature. Fibrinolysis is not affected by oral antiplatelet medication, but 
previous studies suggest that non-vitamin K antagonist oral anticoagulants (NOACs) or 
vorapaxar, a thrombin receptor antagonist, could modify clot lysis25, 26. The ATLAS ACS 2–
TIMI 51 trial demonstrated that the addition of a NOAC to dual antiplatelet therapy can 
reduce the risk of recurrent ischemic cardiovascular events in ACS patients, although 
with an increase in (nonfatal) bleedings on the counter side27. A point-of-care test, such 
as the global thrombosis test, could identify STEMI patients with slow clot lysis, who 
might profit from additional antithrombotic therapy. Whether selected persistent STEMI 
patients may benefit from acuminated care should be addressed in future research.

study limitations
The current study was performed as a post-hoc analysis and findings are hypothesis gen-
erating and should be interpreted with caution. We compared data of patients included 
in two separate prospective clinical trials that were performed in the same period of 
time. The in- and exclusion criteria of the used trials were similar, but not identical. The 
transient STEMI patients were treated with either an immediate or delayed coronary 
intervention strategy and the STEMI patients were randomized 1:1 to the P2Y12 inhibi-
tors ticagrelor or prasugrel after admission, so for these aspects the population was not 
homogenous, but adequately treated according to current clinical knowledge. However, 
both clinical trials did not find differences in outcomes between the treatment strate-
gies, so effects of the compared treatment strategies may be expected to be only limited. 
Furthermore, enrolment of the TRANSIENT trial (transient STEMI cohort) started one 
and a half year earlier than the REDUCE-MVI trial (STEMI cohort), and slight differences 
in treatment were seen. Furthermore, the sample size of this study was limited and did 
not allow the comparison of adverse clinical events. Lastly, as the first blood samples 
were drawn after the administration of aspirin, heparin and the P2Y12-inhibitor ticagrelor 
in the ambulance, no clot lysis tests could be performed at baseline.
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Conclusion
Transient STEMI is a syndrome with less angiographic thrombus burden and spontane-
ous infarct artery reperfusion, associated with smaller infarct size compared to STEMI. 
Therefore, our data strongly re-emphasize the benefits of early reperfusion. Transient 
STEMI patients appear to have a more effective fibrinolysis, which might provide clues for 
acuminating future treatment of STEMI. Future studies are necessary to assess whether 
endogenous fibrinolysis is a modifiable feature, targetable by pharmacotherapy, to 
reduce cardiovascular risk and improve prognosis in STEMI patients.
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suPPleMenTaRy daTa

Supplement to: Janssens GN, Lemkes JS, van der Hoeven NW, et al. Transient ST-
elevation Myocardial Infarction versus persistent ST-elevation Myocardial Infarction. An 
Appraisal of Patient Characteristics and Functional Outcome.

Table s1 nominal regression analysis comparing pre-PCI TIMI flow grade and thrombus burden in 
transient sTeMI vs. sTeMI patients with and without adjustment for confounders

unadjusted adjusted2

oR1 95% CI P-value oR1 95% CI P-value

Pre-PCI TIMI flow grade (overall) <0.001 <0.001

• 0-1 Reference Reference

• 2 0.071 (0.019-0.27) <0.001 0.053 (0.006, 0.48) 0.009

• 3 0.008 (0.002-0.028) <0.001 0.006 (0.001, 0.050) 0.006

Thrombus burden (overall) < 0.001 < 0.001

• no Reference Reference

• moderate 17.4 (5.2, 58.3) <0.001 22.0 (6.0, 80.0) <0.001

• high 65.4 (17.6, 244) <0.001 61.9 (14.2, 269) < 0.001
1Odds ratios for STEMI relative to transient STEMI
2Adjusted for prior antiplatelet therapy and time to presentation

Table s2 linear regression analysis comparing left ventricular ejection fraction in transient sTeMI vs. 
sTeMI patients with and without adjustment for confounders

unadjusted adjusted2

beta1 95% CI P-value beta1 95% CI P-value

Left ventricular ejection fraction, 
%

5.23 (3.25, 7.22) <0.001 5.37 (3.33, 7.41) <0.001

1Transient STEMI is the reference group
2Adjusted for prior antiplatelet therapy and final TIMI flow

Table s3 CMR characteristics of transient sTeMI patients with or without culprit lesion

outcome

Transient sTeMI 
without culprit 
lesion (n=16)

Transient sTeMI 
with culprit lesion 
(n=106) P-value

Left ventricular ejection fraction, mean (SD), % 57.3 (9.3) 57.9 (6.2) 0.74

Infarct size (n=119), median (IQR), g 0.0 (0.0-2.5) 1.5 (0.0-4.6) 0.01

Infarct size (n=119), median (IQR), % of the left ventricle 0.0 (0.0-2.3) 1.5 (0.0-4.2) 0.01

Microvascular obstruction present (n=119), No. (%) 0 (0.0) 5 (4.8) 0.39
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Table s4 Clinical causes of transient sTeMI in patients without culprit lesion

Cause of transient sTeMI - No. (%)
Transient sTeMI without culprit lesion 
(n=16)

Coronary spasm 6 (37.5)

Passed coronary thromboembolism 2 (12.5)

Tako Tsubo 1 (6.3)

Bradycardia 1 (6.3)

Coronary plaque erosion 1 (6.3)

Costomyalgenic complaints with early repolarization on the ECG 1 (6.3)

Unknown 4 (25.0)

Table s5 linear regression analysis comparing hemostatic parameters in transient sTeMI vs. sTeMI 
patients with and without adjustment for confounders

unadjusted adjusted2

beta1 95% CI P-value beta1 95% CI P-value

Platelet count at baseline 21.3 (4.66, 38.0) 0.012 21.7 (4.84, 38.6) 0.012

Platelet count at day 3 26.0 (2.46, 49.6) 0.031 25.0 (1.08, 49.1) 0.041

Clot lysis time at steady state -9.39 (-17.8, -1.00) 0.029 -9.53 (-18.1, -0.94) 0.030

prothrombin fragment F1+2 58.8 (-7.68, 125) 0.082 49.9 (-14.2, 114) 0.12

plasmin-alpha(2)-antiplasmin -14.3 (-320, 291) 0.93 -8.89 (-319, 301) 0.95

von Willebrand factor antigen -6.63 (-43.3, 30.0) 0.72 -25.7 (-87.3, 35.9) 0.41

D dimer 0.19 (0.29, 0.67) 0.43 0.092 (-0.33, 0.52) 0.67
1Transient STEMI is the reference group
2Adjusted for prior anti-platelet therapy
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absTRaCT

background
Ischemic heart disease is a major cause of out of hospital cardiac arrest. The role of 
immediate coronary angiography (CAG) and percutaneous coronary intervention (PCI) 
after restoration of spontaneous circulation (ROSC), following cardiac arrest in the ab-
sence of ST-segment elevation myocardial infarction (STEMI) remains debated.

hypothesis
We hypothesize that immediate CAG and PCI if indicated, will improve 90 day survival in 
post cardiac arrest patients without signs of STEMI.

design
In a prospective, multi-centre, randomized controlled clinical trial, 552 post-cardiac ar-
rest patients, with ROSC and without signs of STEMI will be randomized in a 1: 1 fashion 
to immediate CAG and PCI (within 2 hours) vs initial deferral with CAG and PCI after 
neurological recovery. The primary endpoint of the study is 90-day survival. The sec-
ondary endpoints will include 90 day survival with good, minor or moderate disability, 
myocardial injury, duration of inotropic support, occurrence of acute kidney injury, need 
for renal replacement therapy, time to targeted temperature control, neurological status 
at ICU discharge, markers of shock, recurrence of ventricular tachycardia, duration of 
mechanical ventilation and reasons for discontinuation of treatment.

summary
The COACT trial is a multicenter, randomized controlled clinical study that will evaluate 
the effect of an immediate invasive coronary strategy in post-cardiac arrest patients 
without STEMI on 90 day-survival.
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baCKGRound

Out-of-hospital cardiac arrest (OHCA) is a leading cause of death in Europe and the Unit-
ed States. Despite advances in the field of resuscitation and intensive care management, 
the outcome of these patients remains poor. A recent large trial reported a mortality of 
50% in patients successfully resuscitated from out of hospital cardiac arrest admitted to 
the intensive care unit (ICU) for targeted temperature management (TTM) (1). This high 
mortality rate is the result of post-cardiac arrest syndrome, a condition that includes 
anoxic brain injury, myocardial dysfunction and systemic ischemic reperfusion injury 
due to hypoperfusion during the cardiac arrest (2).

The aetiology of OHCA itself is diverse and consists of both cardiac and non-cardiac 
causes. The most frequent cardiac cause is ischemic heart disease and coronary artery 
disease has been reported in up to 70% of resuscitated patients referred for immediate 
coronary angiography (CAG) (3).

Directly after the arrest, the exact diagnosis and prognosis is often unclear and can 
lead to uncertainty on the optimal hospital management. In patients presenting with 
a ST-segment elevation myocardial infarction (STEMI) and cardiac arrest, the preferred 
treatment is an acute CAG with percutaneous coronary intervention (PCI) as this can 
salvage myocardium and may improve outcome(4)(5).

In cardiac arrest patients without signs of STEMI the aetiology of the arrest is hetero-
geneous and includes non-cardiac causes, non-ischemic cardiac causes and chronic 
coronary artery disease. Nevertheless an acute thrombotic coronary occlusion was 
reported during early angiography in up to 26.6% of post-resuscitation patients without 
signs of STEMI on the ECG (6). It might therefore be insufficient to select patients eligible 
for an immediate invasive strategy solely on the ECG findings. Moreover, post-resusci-
tation ECG’s often tend to be difficult to interpret. Furthermore, information normally 
used when choosing an invasive strategy in patients suspected of an acute coronary 
syndrome who are not resuscitated, such as previous medical history and symptoms, is 
often lacking in OHCA patients who are unresponsive on admission.

This is why it has been suggested that an immediate CAG should be considered in OHCA 
patients without an obvious non-coronary cause, regardless of ECG patterns (8).

However, no randomized controlled trials have been published, aiming to determine 
the effectiveness of an immediate CAG in reducing mortality in OHCA patients. Sev-
eral nonrandomized studies have reported on patients resuscitated from cardiac arrest 
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where immediate CAG was only performed in selected cases (6, 9-19). A number of these 
studies showed a survival benefit for patients who underwent an acute CAG. However, 
these studies included patients with cardiac arrest of mixed aetiology and contained 
both patients with STEMI and non-STEMI (NSTEMI). Furthermore, these results should 
be interpreted with caution because of potential selection bias, by choosing patients 
with a presumed better prognosis for an immediate invasive strategy (22).

The here outlined COACT study is a randomized controlled trial investigating the effects 
of immediate CAG (and PCI as needed) in patients after OHCA without signs of STEMI or 
an obvious non- coronary cause of the arrest.

MeThods

study design
The COronary Angiography after Cardiac arrest Trial (COACT) is a prospective, multi-
centre, randomized controlled clinical study evaluating the effect of an immediate CAG 
in patients after OHCA on 90-day survival. A total of 14 centres in the Netherlands will 
enrol patients. These centres are all high volume PCI centres with 24/7 STEMI service and 
extensive experience treating OHCA patients. Patients are eligible for the study if they 
have ventricular tachycardia or fibrillation during the arrest, restoration of spontane-
ous circulation (ROSC) and are without ECG signs of STEMI or an obvious non-coronary 
cause of the arrest.

Further inclusion and exclusion criteria are listed in Tables 1 and 2. A total of 552 eligible 
patients will be randomized to either immediate CAG (and PCI as indicated)vs delayed 
CAG (and PCI as indicated) after neurological recovery. The study flowchart is depicted 
in Figure 1.

The trial is conducted with a research grant of the Netherlands Heart Institute and an 
unrestricted grant of Astra-Zeneca.

Table 1. Inclusion criteria COACT Trial.
• Age > 18

• Comatose patients (Glasgow coma score < 8) with ROSC after OHCA.

• Ventricular tachycardia or ventricular fibrillation during the arrest. Including patients treated with an AED.

ROSC: return of spontaneous circulation, OHCA: out of hospital cardiac arrest, AED: automatic external defibrillator.
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The authors are solely responsible for the design and conduct of the study; all study 
analyses, the drafting and editing of the paper, and its final contents.

study protocol
Patients with OHCA and ROSC will be screened at the emergency department. Eligible 
patients will be randomized to either an immediate or delayed invasive strategy using 
a web based system (Castor EDC). If the patient is allocated to the immediate invasive 
group, the CAG will be performed as soon as possible and should be initiated within 2 
hours after randomisation. In the delayed invasive group, the CAG will be done after 
neurological recovery and generally after discharge from the ICU. In all patients targeted 
temperature control will be initiated as soon as possible according to local protocol. 
Patients will be mechanically ventilated and the circulation will be supported with 
fluids and vaso-active medication according to the local protocol. Other life supporting 
therapy, including anti-arrhythmic and antithrombotic agents, electrolyte supplemen-
tation and sedation, is delivered according to standard practice and at the discretion of 
the treating physicians.

Venous blood samples for CK, CK-MB mass and troponin T determination will be ob-
tained at admission and at 3, 6, 12, 24, 36, 48 and 72 hours after admission. Creatinin, 
lactate and central venous oxygen saturation will be obtained at admission and every 24 
hours on the ICU. Glasgow Coma Score and Cerebral Performance Category score will be 
performed routinely at ICU discharge and 90-day follow-up by trained personal.

Table 2. Exclusion criteria COACT Trial.
• Signs of STEMI on the ECG at the emergency department (including new LBTB or isolated ST depression in 

V1-V3 due to a true posterior infarct).

• Hemodynamic instability unresponsive to medical therapy. Defined as a prolonged (>30 min) systolic 
blood pressure <90 mm Hg at the time of screening.

• An obvious or suspected non-coronary cause of the arrest.

• A known severe renal dysfunction. (GRF<30 ml/min).

• Obvious or suspected pregnancy.

• Suspected or confirmed acute intracranial bleeding.

• Suspected or confirmed acute stroke.

• Known limitations in therapy or Do Not Resuscitate-order.

• Known pre-arrest Cerebral Performance Category 3 or 4.

• >4 hours (from ROSC to screening).

• Refractory ventricular arrhythmia.

• Known inability to complete 90-day follow- up.

STEMI: ST segment elevation myocardial infarction, ECG: electrocardiogram, LBTB: left bundle branch block, GFR: glomerular 
filtration rate, ROSC: return of spontaneous circulation.
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Coronary angiography and revascularization strategy
Coronary angiography will be performed in accordance with local protocol. The access 
site and anticoagulant strategy is left to the treating physician.

The angiographic findings in patients after OHCA without STEMI can differ greatly. They 
include normal coronary arteries, angiographic stable coronary artery disease or the 
presence of a typical unstable coronary lesion (TIMI 0-1 flow with an abrupt occlusion, 
or TIMI 2-3 flow with angiographic findings suggesting thrombus or ulcerated plaques). 

 

552 patients with ROSC and without ST elevation myocardial infarction after out of
hospital cardiac arrest without an obvious noncardiac cause

Randomisation
1:1

Coronary angiography and
subsequent revasularisation after

neurolgical recovery

Immediate coronary
angiography and subsequent
revascularisation (<2 hours)

ICU:

 myocardial injury measured by troponine and CK MB
as area under the curve

 occurrence off acute kidney injury

 need for renal replacement therapy

 time to target hypothermia

 duration of inotropic support

 markers of shock

 recurrence of ventriculair tachycardia

Deferred informed consent from patient or legal
representative

90 day outpatient follow up:

 Neurological status

 Survival
 

 

 

 

Figure 1: Study flow chart of the COACT Trial.
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There is a lack of studies addressing the optimal revascularisation strategy in patients 
after OHCA. European experts in the field of intervention cardiology have suggested to 
treat only the culprit lesion during an acute coronary intervention in haemodynami-
cally stable patients (8). In the COACT trial the revascularisation strategy is left up to the 
discretion of the treating physician but should include all suspected unstable coronary 
lesions. In case of multivessel disease the strategy should be based on the Syntax score 
(23) (and local Heart team protocol). If coronary artery bypass grafting (CABG) is the 
treatment of choice for a patient in the immediate invasive group, this procedure can be 
deferred until after neurological recovery.

In case patients initially allocated to the delayed invasive group show signs of cardio-
genic shock, recurrent life threatening arrhythmias or recurrent ischemia during their 
hospitalisation, they will undergo urgent CAG.

end points
The primary end point of the trial is survival at 90 days.

Secondary endpoints include: 90-days survival with good cerebral performance or 
moderate disability, myocardial injury measured by troponin and CK MB as area under 
the curve, acute kidney injury according to AKIN criteria (24), need for renal replacement 
therapy, time to target temperature, duration of inotropic support, neurological status 
at ICU discharge, markers of shock, recurrence of ventricular tachycardia requiring 
defibrillation or electrical cardioversion, duration of mechanical ventilation, TIMI ma-
jor bleeding (25) and rate and reason for discontinuation of life-sustaining treatment. 
(Table 3)

Table 3. Secondary end points.
• 90-days survival with good, minor or moderate disability. Defined as a Cerebral Performance Category of 

1 or 2.

• Myocardial injury measured by troponin and CK MB as area under the curve.

• Duration of inotropic support.

• Occurrence off acute kidney injury according to AKIN criteria (24).

• Need for renal replacement therapy.

• Time to optimal hypothermia.

• Neurological status at ICU discharge.

• Markers of shock: lactate and central venous oxygen saturation at day 1, 2 en 3.

• Recurrence of ventricular tachycardia needing defibrillation or electrical cardioversion.

• Duration of mechanical ventilation.

• Rate and reason for discontinuation of  treatment.

AKIN: acute kidney injury network, SVO2: mixed venous oxygen saturation.
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Neurological outcome will be scored according to the Cerebral Performance Category 
(CPC) scale. (CPC 1: Good cerebral performance, may have mild deficits, 2: Moderate 
cerebral disability, sufficient for independent activities of daily life, 3: Severe cerebral; 
disability, 4: Coma or vegetative state, 5: dead) (26)

discontinuation of treatment
Patients after OHCA showing no neurological improvement after therapeutic tempera-
ture management and discontinuation of sedative medication due to post-anoxic coma 
have a detrimental outcome. If clinical assessment, somatosensory- evoked potentials 
(SSEP) and or Electroencephalography (EEG), performed at least 24 hours after re 
warming, predicts a poor outcome (defined as death or a persistent vegetative state) 
a multidisciplinary team may, in accordance with Dutch and European guidelines, de-
cide to withdraw or limit life-sustaining treatment.(27, 28). If there is no consensus or 
uncertainty about potential recovery, the decision is postponed and the assessment is 
repeated at a later time.

statistical considerations
Sample size. The study is powered for the primary endpoint of 90-day survival. The 
survival rates between the two treatment groups are compared with a two-sided Chi-
square test at a significance level of 5%. A previous meta-analysis of 10 non- randomized 
studies showed improved survival for immediate angiography relative to conventional 
treatment: 56% versus 32%, with an odds ratio of 2.78 with a 95%-confidence interval 
between 1.89 and 4.10 (20). We therefore hypothesize that an immediate angiography 
will improve survival.

With 2 x 251 patients, the study will have 85% power to detect an increase of the survival 
rate from 32% to 45% (i.e. a proportional increase of the survival rate with 40%). To allow 
for a loss to follow-up of 10 percent, 552 patients will be included in total.

Furthermore, the study has an adaptive design allowing for an increase of sample size if 
the survival benefit is substantial but smaller than the 40% increase mentioned above. 
The data safety monitoring board (DSMB) of the study is entitled to recommend an 
increase of the sample size on the basis of the outcomes of the first 400 patients.

Statistical analysis. Outcome measures will be analyzed for all randomized patients in 
an intention to treat analysis. Values are reported as mean ± SD or median (25th to 75th 
percentile) for continuous variables and as frequency with percentage for categorical 
variables. For the analysis of binary endpoints, treatment comparisons will be performed 
using Fisher’s exact probability test. For continuous outcomes independent-samples 
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T-tests are used. All calculations are generated by Statistical Package for Social Sciences 
software (SPSS).

ethical considerations
The study will be conducted according to the principles of the Declaration of Helsinki 
and in accordance with the Medical Research Involving Human Subjects Act (WMO) and 
the statements of the Dutch Central Committee on Research Involving Human Subject 
(CCMO) addressing deferred consent in unresponsive patients (29). The study has been 
approved by the Ethics Committees of the participating hospitals.

Patients screened for the trial are unconscious and unable to consent at the time of 
screening. Legal representatives are often not present and if present frequently in no 
mental state to make a well-considered decision about participating in the study. The 
study intervention regards an emergency intervention that has to be applied without 
delay and fulfils the ethical requirement of clinical equipoise. This is why the patient 
will be informed about the study intervention if and when his consciousness recovers 
or the legal representative if the patient remains unable to communicate. Consent for 
use of the study data (deferred consent) will be asked at that time. If the patient has 
died before consent can be obtained, the study data will be used and no consent will 
be asked from the legal representatives. The rationale for the latter is that the legal 
representatives have no say within Dutch legislation about clinical or study data of a 
deceased. Furthermore, possible refusal may cause unwanted selection bias (29).

data collection and follow-up
The following variables from the patients records will be collected: age, gender, smoking 
history, hypertension, diabetes, hypercholesterolemia, previous myocardial infarction, 
previous PCI, previous CABG, previous cerebrovascular accident, ECG data, resuscita-
tion data, angiographic data and laboratory results. Follow-up data will be obtained by 
a telephone interview with the patient or family members by an blinded research nurse 
or from information acquired from the patient’s general physician. All data will be stored 
in a web based database (Castor EDC).

Prespecified subgroups
The following subgroups are pre-specified for analysis of the primary endpoint: male 
versus female, patients > 70 years versus patients < 70 years, patients with previous cor-
onary artery disease versus patients without previous coronary artery disease, patients 
with a pH > 7.2 on admission versus patients with pH < 7.2 on admission, witnessed 
arrest versus non-witnessed arrest, bystander CPR versus no bystander CPR and ROSC > 
30 min versus ROSC < 30 min.
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duration of the study
The COACT trial started including patients in January 2015. We expect that recruitment 
will be completed within 36 months. Therefore, it is expected that the patient inclusion 
will be finished in January 2018. The 90-day follow- up data will be completed in April 
2018.

expected results
The COACT trial is being conducted to determine whether an immediate invasive strat-
egy in patients after OHCA and without STEMI or an obvious non-coronary cause of the 
arrest, will improve survival. Currently, a randomized controlled trial addressing this 
topic, has not been published. The results of this trial will impact the future treatment of 
this patient group and will influence future treatment guidelines.

dIsCussIon

The effect of an immediate invasive strategy in patients after OHCA and without ECG 
signs of STEMI has been debated for some time. Several observational studies have 
reported on the effect of immediate CAG in OHCA patients on survival (6, 9-19). How-
ever, only a few have done so in the specific group of patients without signs of STEMI. 
Bro-Jeppesen et al. found that immediate CAG was not associated with a reduction in 
mortality (HR adjusted = 0.69, 95% CI 0.4−1.2, p = 0.18) (16). Moreover Dankiewicz et al. 
reported no benefit of early CAG in patients without ST segment elevation in their post 
hoc analysis from the TTM trial (HR adjusted = 1,03, 95% CI 0.80-1.32, p = 0.82) (22) . A 
study by Hollebeck and colleagues did show a significant increase in survival in OHCA 
patients with a shockable arrest rhythm and the absence of STEMI, selected for an early 
CAG (65.6% vs. 48.6%; p = 0.017). They found an acute coronary occlusion in 26.6% of 
patients treated with early CAG. Noteworthy is the observation in this study that the 
outcomes in patients with early PCI were not significantly better compared to those 
who received early CAG but no PCI leaving the question how early CAG can improve 
outcome for other reasons than PCI. The authors suggest early CAG may be associated 
with a greater “intensity of care” in the early phase of hospitalization. They observed 
that patients treated with early CAG were more likely to receive mechanical support 
and aggressive anticoagulation. It is also possible that other diagnostic and therapeutic 
measures associated with early CAG, such as the timely establishment of central venous 
access, invasive hemodynamic monitoring and the rapid titration of vasoactive medica-
tions may play a role in the improved outcomes (6).
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Both before and after the introduction of targeted temperature management (TTM) 
for the treatment of patients resuscitated from OHCA, the main cause of death in this 
patient group is neurologic injury. Laver et al. found neurologic injury as cause of death 
in 67.7% and a cardiac cause in 23.1% of cases in patients admitted after OHCA (30). The 
recent TTM trial reported neurologic injury as cause of death in 58% and a cardiac cause 
in 24% of all deaths (1). If only a minority of patients admitted to the ICU after OHCA dies 
from a cardiac cause it might be difficult to improve survival with cardiac angiography 
and revascularisation. Especially as several randomized trials, addressing the role of an 
immediate vs delayed CAG in patients with myocardial infarction without ST segment 
elevation (NSTEMI) who were not resuscitated, have failed to show a benefit of immedi-
ate intervention (31-33). The mortality in these trials (1-6%) however differs greatly with 
that of the resuscitated population and the results of these trials can therefore not be 
extrapolated to the OHCA patient group. The TIMACS trial did show that NSTEMI patients 
with higher risk (grace score >140) benefited from a CAG within the first 24 hours after 
admission in reducing the composite endpoint of death, myocardial infarct or stroke, 
compared to a delayed strategy (>36 hours) (34). Although post- resuscitation patients 
were not included in the TIMACS trial, this very high-risk group may also benefit from an 
early invasive strategy.

It has been suggested that immediate CAG may delay cooling, increase risk of bleeding 
complications and stent thrombosis augmented by hypothermia. Several studies (6, 
35) however have shown that immediate CAG does not delay time to therapeutic hypo-
thermia (TH) or time to target temperature and TH has been demonstrated to improve 
outcome when combined with PCI (6, 11, 36, 37). Furthermore, the optimal temperature 
management after cardiac arrest has not been settled yet. No difference was found in 
clinical outcomes between hypothermia targeting at a temperature of 33°C as compared 
with a temperature of 36°C (1).

Dankiewicz and colleagues found bleeding complications to be rare but somewhat more 
common among patients who received early CAG. This difference was driven by minor 
bleeds from access sites and was thought to be clinically insignificant (22).

The results on the occurrence of stent thrombosis in post- cardiac arrest patients after 
stenting for acute myocardial infarction differ. Joffre and colleagues reported a higher 
risk of stent thrombosis in cardiac arrest patients treated with PCI and hypothermia (38). 
Rosillo et al. found no such increased risk in their analysis of post-cardiac arrest patients 
treated with PCI and hypothermia. Both studies were relatively small in size.
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Although both European and American guidelines (4, 5) for the management of STEMI 
have a Class I recommendation for performing immediate CAG and PCI in comatose 
patients with STEMI and OHCA, the guidelines are less clear for comatose cardiac arrest 
patients without STEMI. The European guidelines state that immediate angiography 
with an option for primary PCI should be considered in survivors of cardiac arrest with-
out diagnostic ECG ST-segment elevation but with a high suspicion of ongoing infarction 
(Class IIa) (4). However, identifying ongoing infarction in comatose patients is cumber-
some.

Recently the European Association for Percutaneous Cardiovascular Interventions (EAP-
CI)/Stent for Life (SFL) groups and the American Interventional Council of the American 
College of Cardiology (ACC) have addressed the topic of invasive coronary strategies 
after OHCA in a consensus statement and a treatment algorithm to supplement cur-
rent guidelines. They state that an immediate invasive strategy should be considered 
in selected post cardiac arrest patients without STEMI. Both publications furthermore 
conclude that there is a great need for randomized controlled trials of early PCI in post 
cardiac arrest patients without ST- segment elevation on the ECG (8, 39) such as the 
COACT trial has been designed for.
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absTRaCT

baCKGRound
Ischemic heart disease is a major cause of out-of-hospital cardiac arrest. The role of 
immediate coronary angiography and percutaneous coronary intervention (PCI) in the 
treatment of patients who have been successfully resuscitated after cardiac arrest in the 
absence of ST-segment elevation myocardial infarction (STEMI) remains uncertain.

MeThods
In this multicenter trial, we randomly assigned 552 patients who had cardiac arrest with-
out signs of STEMI to undergo immediate coronary angiography or coronary angiography 
that was delayed until after neurologic recovery. All patients underwent PCI if indicated. 
The primary end point was survival at 90 days. Secondary end points included survival 
at 90 days with good cerebral performance or mild or moderate disability, myocardial 
injury, duration of catecholamine support, markers of shock, recurrence of ventricular 
tachycardia, duration of mechanical ventilation, major bleeding, occurrence of acute 
kidney injury, need for renal-replacement therapy, time to target temperature, and 
neurologic status at discharge from the intensive care unit.

ResulTs
At 90 days, 176 of 273 patients (64.5%) in the immediate angiography group and 178 of 
265 patients (67.2%) in the delayed angiography group were alive (odds ratio, 0.89; 95% 
confidence interval [CI], 0.62 to 1.27; P = 0.51). The median time to target temperature 
was 5.4 hours in the immediate angiography group and 4.7 hours in the delayed an-
giography group (ratio of geometric means, 1.19; 95% CI, 1.04 to 1.36). No significant 
differences between the groups were found in the remaining secondary end points.

ConClusIons
Among patients who had been successfully resuscitated after out-of-hospital cardiac 
arrest and had no signs of STEMI, a strategy of immediate angiography was not found to 
be better than a strategy of delayed angiography with respect to overall survival at 90 
days. (Funded by the Netherlands Heart Institute and others; COACT Netherlands Trial 
Register number, NTR4973
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InTRoduCTIon

O ut-of-hospital cardiac arrest is a leading cause of death in Europe and the United 
States. Despite advances in the field of resuscitation and intensive care management, 
the outcome in patients after cardiac arrest remains poor. A recent study reported 
mortality of approximately 40% among patients who had been successfully resuscitated 
after out-of-hospital cardiac arrest associated with ventricular fibrillation or pulseless 
ventricular tachycardia (1). Recommended postresuscitation care includes targeted 
temperature management, vital-organ support, and treatment of the underlying cause 
of the arrest. However, the cause of arrest is often unclear immediately after the event, 
and the lack of a definitive diagnosis can lead to uncertainty regarding the appropriate 
treatment. The most frequent cause of cardiac arrest is ischemic heart disease, and 
coronary artery disease has been reported in up to 70% of patients who have been 
resuscitated and are referred for immediate coronary angiography(2). If myocardial in-
farction is the cause of the arrest, immediate percutaneous coronary intervention (PCI) 
might salvage myocardium, improve circulatory function, and prevent the recurrence 
of life-threatening arrhythmias. Current European and American guidelines recommend 
immediate coronary angiography with PCI in patients who present with ST-segment 
elevation myocardial infarction (STEMI) and cardiac arrest (3, 4).

In patients with cardiac arrest who do not have ST-segment elevation on electrocardiog-
raphy (ECG), the role of immediate coronary angiography is still a matter of debate. Data 
from randomized trials are lacking, and observational studies have shown conflicting 
results regarding the effect of immediate coronary angiography and PCI on outcomes 
in this patient group (5-9). At present, international guidelines on cardiopulmonary 
resuscitation recommend emergency coronary angiography in selected patients after 
out-of-hospital cardiac arrest, even in the absence of ST-segment elevation(10, 11). It 
has been advocated, however, that these recommendations need to be substantiated 
by data from randomized clinical trials(12, 13). The Coronary Angiography after Cardiac 
Arrest (COACT) trial was designed to test the hypothesis that in patients who are success-
fully resuscitated after cardiac arrest in the absence of STEMI, a strategy of immediate 
coronary angiography (and PCI if necessary) would be better than a strategy of delayed 
angiography with respect to overall survival.
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MeThods

study design and oversight
The COACT trial was an investigator-initiated, randomized, open-label, multicenter trial 
that compared a strategy of immediate coronary angiography with a strategy of delayed 
angiography in patients who had been successfully resuscitated after cardiac arrest and 
who did not have ST-segment elevation on ECG. The trial design has been published pre-
viously (14). The protocol, available with the full text of this article at NEJM.org, was de-
signed by the authors and was approved by the trial steering committee and all relevant 
ethics committees. The trial was sponsored by the Netherlands Heart Institute, Biotronik, 
and AstraZeneca. The sponsors of the trial had no role in the design or monitoring of the 
trial; the selection of the participating centers; the enrollment of participants; the collec-
tion, recording, storage, retention, or analysis of the data; the writing of the manuscript; 
or the decision to submit the manuscript for publication. A clinical research organization 
(Clinical Research Unit Cardiology VUmc) was responsible for maintaining and monitor-
ing the patient data. A data and safety monitoring committee oversaw the trial. All coro-
nary angiography and PCI procedures were evaluated at an independent core laboratory 
by personnel who were unaware of the treatment assignments. The authors vouch for 
the accuracy and completeness of the data and analyses and for the fidelity of the trial to 
the protocol (see the Supplementary Appendix, available at NEJM.org).

Patients
Patients were eligible for the trial if they had had an out-of-hospital cardiac arrest with 
an initial shockable rhythm and were unconscious after the return of spontaneous 
circulation. Patients were excluded if they had signs of STEMI on ECG in the emergency 
department, shock, or an obvious noncoronary cause of the arrest. Further inclusion 
and exclusion criteria and definitions are provided in the Supplementary Appendix. 
Deferred written informed consent was obtained from all enrolled patients with the use 
of a prespecified procedure (see the Supplementary Appendix).

Randomization and treatment
Patients were screened for eligibility in the emergency department. Eligible patients 
were randomly assigned in a 1:1 ratio with the use of a Web-based randomization system 
(Castor EDC) to either immediate angiography or delayed angiography. In the immedi-
ate angiography group, coronary angiography was performed as soon as possible and 
was initiated within 2 hours after randomization.

In the delayed angiography group, coronary angiography was performed after neurolog-
ic recovery, in general after discharge from the intensive care unit. If a patient who had 
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initially been assigned to the delayed angiography group showed signs of cardiogenic 
shock, recurrent life-threatening arrhythmias, or recurrent ischemia during hospitaliza-
tion, urgent coronary angiography was performed. The choice of anticoagulant and the 
revascularization strategy were left to the discretion of the treating physicians, although 
it was recommended that all coronary lesions suspected of being unstable should be 
treated. (Unstable lesions were defined as coronary lesions with at least 70% stenosis 
and the presence of characteristics of plaque disruption, including irregularity, dissec-
tion, haziness, or thrombus, as assessed by results of coronary angiography.) In patients 
with multivessel disease, treating physicians were advised to use a revascularization 
strategy that was based on the local heart team protocol and the Synergy between 
Percutaneous Coronary Intervention with Taxus and Cardiac Surgery (SYNTAX) score. 
The SYNTAX score reflects a comprehensive angiographic assessment of the coronary 
vasculature, with scores of 22 or lower indicating low anatomical complexity, scores 
of 23 to 32 indicating intermediate anatomical complexity, and scores of more than 32 
indicating high anatomical complexity (0 is the lowest score, and there is no upper limit)
(15). If coronary artery-bypass grafting (CABG) was the treatment of choice for a patient 
in the immediate invasive group, this procedure could be deferred until after neurologi-
cal recovery. Further postresuscitation care was in line with international resuscitation 
guidelines (10). Targeted temperature management was initiated as soon as possible 
and according to local protocol. The approach to withdrawal of life-sustaining treatment 
for patients with persistent coma was not prespecified and was based on local practice, 
which adhered to Dutch and European guidelines.

follow-up and end points
Follow-up data were obtained by means of a telephone interview conducted 90 days 
after randomization with the patient or a family member or were determined from 
information acquired from the patient’s general physician. The primary end point of the 
trial was survival at 90 days. Secondary end points included survival at 90 days with 
good cerebral performance or mild or moderate disability, myocardial injury quantified 
on the basis of troponin levels, increase in creatine kinase and creatine kinase MB levels 
(reported as the area under the curve), acute kidney injury defined according to Acute 
Kidney Injury Network criteria (16), the need for renal-replacement therapy, time to 
target temperature, duration of catecholamine or inotropic therapy, neurologic status 
at discharge from the intensive care unit, markers of shock, recurrence of ventricular 
tachycardia requiring defibrillation or electrical cardioversion, duration of mechanical 
ventilation, and major bleeding defined according to Thrombolysis in Myocardial Infarc-
tion (TIMI) criteria. A detailed description of biomarker measurements and definitions of 
outcome measures are provided in the Supplementary Appendix.
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statistical analysis
The trial was powered for the primary end point of survival at 90 days. The results of 
a previous meta-analysis of 10 nonrandomized studies showed that immediate angi-
ography was better than conventional treatment with respect to overall survival (56% 
vs. 32%; odds ratio, 2.78; 95% confidence interval [CI], 1.89 to 4.10) (17). We therefore 
hypothesized that in our trial, more patients in the immediate angiography group than 
in the delayed angiography group would survive to 90 days. We calculated that 251 
patients would need to be enrolled in each group to give the trial 85% power to detect a 
40% difference between the immediate angiography group and the delayed angiography 
group in terms of survival to 90 days (45% survival with immediate angiography vs. 32% 
with delayed angiography), when assessed by means of a chi-square test at a two-sided 
significance level of 5%. The sample size was increased by 10% to a total of 552 patients 
to account for loss of patients to follow-up. The trial had an adaptive design that allowed 
for an increase in sample size if the survival benefit was substantial but smaller than the 
40% difference mentioned above. The data and safety monitoring committee of the trial 
was allowed to recommend an increase in the sample size on the basis of the results of 
an interim analysis of outcomes in the first 400 patients. After this interim analysis, the 
data and safety monitoring committee advised that the sample size not be increased. 
Outcome measures were assessed in all randomly assigned patients, except in those for 
whom written informed consent was retroactively withdrawn. Categorical data (primary 
and secondary end points) were compared with the use of the chi-square test or Fisher’s 
exact test and are summarized as numbers and percentages. Odds ratios are reported 
as effect estimates with 95% confidence intervals. We report the P value only for the 
primary analysis. The 95% confidence intervals for the secondary end points have not 
been adjusted for multiplicity, and therefore inferences drawn from these intervals may 
not be reproducible. Analyses of eight prespecified subgroups were performed. Further 
details of the statistical analysis are provided in the Supplementary Appendix.

ResulTs

Patients
During the period from January 2015 through July 2018, a total of 552 patients who had 
been resuscitated after cardiac arrest and who did not have ST-segment elevation on ECG 
were enrolled at 19 participating centers in the Netherlands (Fig. S1 in the Supplemen-
tary Appendix). Screening data were available during the final period of the inclusion 
phase of the trial, when all centers were enrolling patients (Fig. S2 in the Supplementary 
Appendix). After exclusion of patients for whom written informed consent was retroac-
tively withdrawn, 538 patients (97.5%) had data available for assessment; 273 of these 
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patients had been assigned to the immediate angiography group and 265 to the delayed 
angiography group. The baseline characteristics are shown Table 1. The mean (±SD) age 
was 65.3±12.6 years, and 79.0% of patients were men.

Table 1. baseline Characteristics of the Patients. *

Parameter
Immediate Invasive 

Group (n=273)
delayed Invasive 

Group (n=265)

Age – yr, mean±SD 65.7±12.7 64.9±12.5

Male sex – no./total no. (%) 223/273 (81.7) 202/265 (76.2)

Hypertension – no./total no. (%) 131/269 (48.7) 126/265 (47.5)

Previous myocardial infarction – no./total no. (%) 73/273 (26.7) 76/265 (28.7)

Previous CABG – no./total no. (%) 43/272 (15.8) 24/265 (9.1)

Previous PCI – no./total no. (%) 46/272 (16.9) 60/264 (22.7)

Previous coronary artery disease – no./total no. (%) 99/273 (36.3) 96/265 (36.2)

Previous CVA – no./total no. (%) 19/272 (7.0) 15/265 (5.7)

Diabetes Mellitus – no./total no. (%) 55/272 (20.2) 44/265 (16.6)

Smoker – no./total no. (%) 50/249 (20.1) 67/249 (26.9)

Hypercholesterolemia – no./total no. (%) 70/270 (25.9) 78/263 (29.7)

Peripheral artery disease – no./total no. (%) 16/272 (5.9) 23/265 (8.7)

Witnessed arrest – no./total no. (%) 218/273 (79.9) 203/265 (76.6)

Median time from arrest to basic life support (IQR) – min, 2 (1-5) 2 (1-5)

Median time from arrest to return of spontaneous circulation (IQR) 
– min, 15 (9-21) 15 (8-20)

Signs of ischemia on the ECG† – no./total no. (%) 168/262 (64.1) 172/248 (69.4)

Median GCS at admission (IQR) ‡ 3 (3-3) 3 (3-3)

APACHE IV score § 107±28 105±32

Baseline laboratory values

 pH 7.2±0.1 7.2±0.1

 Median lactate acid (IQR) – mmol/L 5.3 (3.0-8.8) 4.9 (2.8-8.1)

 Bicarbonate – mmol/L 19.4±4.3 19.0±4.5

 Base excess -7.4±6.2 -7.7±6.2

 Median partial pressure of oxygen (IQR) – kPa, 14.7 (8.9-26.8) 15.3 (10.1-28.2)

 Median mixed venous oxygen saturation (IQR) – % 94 (76-98) 94 (75-98)

 Median creatinine (IQR) – µmol/L 102 (90-119) 101 (86-115)

 Median creatinine kinase (IQR) – U/L, 162 (114-252) 163 (116-248)

 Median Creatinine kinase-MB (IQR) – µg/L, 6.0 (4.0-13.2) 6.3 (3.7-19.9)

 Median Troponin-T (IQR) – µg/L 0.044 (0.029-0.085) 0.053 (0.025-0.116)

* Plus–minus values are means }SD. To convert the values for creatinine to milligrams per deciliter, divide by 88.4. CABG 
denotes coronaryartery bypass grafting, IQR interquartile range, and PCI percutaneous coronary intervention.
† Signs of ischemia on electrocardiography (ECG) are defined as depressions of 1 mm or more in two contiguous leads or 
T-wave inversion in two contiguous leads, or both.
‡ Glasgow Coma Scale (GCS) scores range from 3 to 15, with lower scores indicating a reduced level of consciousness.
§ Acute Physiology and Chronic Health Evaluation (APACHE) IV scores range from 0 to 286, with higher scores indicating a 
higher risk of death.
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Treatments
Details about procedures and treatments are provided in Table 2, and in Tables S1 and 
S2 in the Supplementary Appendix. Coronary angiography was performed in 265 of the 
273 patients (97.1%) in the immediate angiography group and in 172 of the 265 patients 
(64.9%) in the delayed angiography group. The median time from randomization to 
coronary angiography was 0.8 hours in the immediate angiography group and 119.9 
hours in the delayed angiography group. An acute thrombotic occlusion was found in 
3.4% of patients in the immediate angiography group and in 7.6% of patients in the 
delayed angiography group. PCI was performed in 33.0% of patients in the immediate 
angiography group and in 24.2% in the delayed angiography group; coronary-artery 
bypass grafting was performed in 6.2% and 8.7%, respectively. Patients assigned to the 
strategy of immediate angiography were more often treated with a glycoprotein IIb/IIIa 
inhibitor, and patients assigned to the delayed strategy were more likely to be treated 
with salicylates, a P2Y12 inhibitor, or both.

Table 2. Procedural and Treatment Characteristics. *
Parameter Immediate Invasive 

Group (n=273)
delayed Invasive 

Group (n=265)

Coronary angiography performed – no./total no. (%) 265/273 (97.1) 172†/265 (64.9)

Time from arrest to coronary angiography – hr, median (IQR) 2.3 (1.8-3.0) 121.9 (52.0-197.3)

Time randomization to coronary angiography – hr, median (IQR) 0.8 (0.5-1.2) 119.9 (47.2-203.7)

Coronary artery disease severity – no./total no. (%)

 None 94/265 (35.5) 59/172 (34.3)

 One vessel disease 72/265 (27.2) 49/172 (28.5)

 Two vessel disease 54/265 (20.4) 35/172 (20.3)

 Three vessel disease 45/265 (17.0) 29/172 (16.9)

Acute unstable lesion – no./total no. (%)‡ 36/265 (13.6) 29/172 (16.9)

Acute thrombotic occlusion – no./total no. (%) 9/265 (3.4) 13/172 (7.6) §

Chronic total occlusion – no./total no. (%) 100/265 (37.7) 58/172 (33.7)

Revascularization treatment – no./total no. (%)

 PCI 90/273 (33.0) 64/265 (24.2)

 CABG 17/273 (6.2) 23/273 (8.7)

 Medical/conservative 168/273 (61.5) 179/265 (67.5)

* Percentages may not total 100 because of rounding.
† These 172 patients represent 95% of those patients who survived until hospital discharge. A total of 38 of the 172 patients 
received urgent intervention because of cardiac deterioration.
‡ Unstable lesions were defined as coronary lesions with at least 70% stenosis and the presence of characteristics of plaque 
disruption, including irregularity, dissection, haziness, or thrombus, as assessed by results of coronary angiography.
§ Six of the 13 patients in the delayed angiography group who had an acute thrombotic occlusion received urgent interven-
tion because of cardiac deterioration.
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A total of 13 patients assigned to the immediate angiography group were treated with 
a delayed strategy, and 3 patients assigned to the delayed angiography group were 
treated with an immediate strategy (Table S2 in the Supplementary Appendix). A total of 
38 patients in the delayed angiography group underwent urgent coronary angiography 
before their planned procedure. More than 90% of patients in each group were treated 
with targeted temperature management and mechanical ventilation. The median time 
to target temperature among patients who received this treatment was 5.4 hours in the 
immediate angiography group and 4.7 hours in the delayed angiography group (ratio of 
geometric means, 1.19; 95% CI, 1.04 to 1.36). Life-sustaining treatment was withdrawn 
in 76 patients in the immediate angiography group and in 69 patients in the delayed an-
giography group. Details about the withdrawal of life-sustaining treatment are provided 
in Tables S4 and S5 in the Supplementary Appendix.

Primary and secondary end points
Clinical outcomes are reported in Table 3. A total of 176 of 273 patients (64.5%) in the im-
mediate angiography group and 178 of 265 patients (67.2%) in the delayed angiography 
group survived to 90 days (the primary end point) (odds ratio, 0.89; 95% CI, 0.62 to 1.27; P 
= 0.51) (Table 3 and Fig. 1). Sensitivity analyses showed no significant difference between 

figure 1. Kaplan–Meier estimates of survival among Patients Who underwent Immediate or delayed 
Coronary angiography after Cardiac arrest. There was no significant difference between the two groups 
in overall survival at 90 days.
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the groups in the primary outcome. Heterogeneity of treatment effect was suggested in 
subgroup analyses according to age (P = 0.007 for interaction) and history of coronary 
artery disease (P = 0.009 for interaction). No other treatment-by-subgroup interactions 
were identified. Additional details about primary and secondary end points, sensitivity 
and subgroup analyses, and causes of death are provided in Tables S6 through S8 and 
Figs. S3 through S5 in the Supplementary Appendix.

dIsCussIon

In the COACT trial, we examined the effect on clinical outcomes of immediate angiogra-
phy as compared with delayed angiography in patients who were successfully resusci-
tated after out-of-hospital cardiac arrest without ST-segment elevation on ECG and who 
had no obvious noncoronary cause of the arrest. The results of the trial did not show 
a significant difference between the two treatment groups in the primary end point of 
survival at 90 days.

Our findings do not corroborate findings of previous observational studies, which 
showed a survival benefit with immediate coronary angiography in patients who had 
cardiac arrest without STEMI (8, 18). This difference could be related to the observational 
nature of the previous studies, which may have resulted in selection bias that favored 
treating patients who had a presumed better prognosis with a strategy of immediate 
angiography. Another explanation for the difference between the results of our trial and 
those of previous studies is a difference in patient populations. Coronary artery disease 
was found in 64.5% of patients who underwent immediate coronary angiography in the 
COACT trial, a finding that is consistent with that in a previous study (2). However, the 
vast majority of patients in our trial had stable coronary artery lesions, and thrombotic 
occlusions were encountered in only 5.0% of patients. This might explain our results, 
since PCI is associated with improved outcomes in patients with acute thrombotic 
coronary occlusion (e.g., in patients with STEMI) (3, 4) but not in patients with stable 
coronary artery disease.19 Our results are also consistent with the results of several 
randomized trials that showed no survival benefit of immediate coronary angiography 
as compared with delayed coronary angiography in patients with myocardial infarction 
without ST-segment elevation who had not presented with cardiac arrest (20-23).

Another reason for the lack of benefit of early coronary intervention may be that the 
majority of nonsurvivors died of neurologic complications after the cardiac arrest. 
This finding is consistent with the results of other resuscitation studies (24, 25). Death 
from neurologic injury was reported more than three times as frequently as death from 
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a cardiac cause. In addition, although immediate initiation of targeted temperature 
management was recommended, and previous studies have shown that initiation of 
targeted temperature management while urgent PCI is being performed is feasible,(8, 
26), we found that patients assigned to the immediate angiography group reached their 
target temperature later than patients in the delayed angiography group. Although the 
preferred strategy for targeted temperature management is still unclear, and trials that 
have investigated early targeted temperature management have failed to show benefit 
(27, 28), one could argue that a later achievement of target temperature might have at-
tenuated any potential benefit gained from immediate coronary angiography.

In the COACT trial, patients who underwent delayed angiography were more likely to 
receive salicylates or a P2Y12 inhibitor (or both) than patients who underwent imme-
diate angiography. This observation illustrates how the result of immediate coronary 
angiography can influence treatment, since patients who do not have evidence of 
coronary artery disease on angiography do not require antiplatelet therapy. In contrast, 
patients in the immediate angiography group were more likely to be treated with a 
glycoprotein IIb/IIIa inhibitor, which is more often used in the context of urgent PCI of 
thrombotic lesions. These differences in antiplatelet strategy between the two groups 
did not result in a significant difference in TIMI major bleeding. Several limitations of our 
trial should be noted. First, we acquired data on patient screening during only the final 
phase of the trial. Second, because of the nature of the trial, physicians were aware of 
the assigned group, and this information might have influenced subsequent treatment. 
Third, our results do not apply to patients with shock, severe renal dysfunction, or per-
sistent STsegment elevation, since patients with these conditions were excluded from 
the trial. Fourth, 2.5% of randomly assigned patients could not be assessed because of 
withdrawal of consent. Finally, the actual overall percentage of patients in the COACT 
trial who survived was higher than anticipated in the sample-size calculation, which 
may have affected the power of the trial. The resulting 95% confidence interval does 
not exclude a 38% harm or a 27% benefit of immediate angiography with respect to the 
primary end point.

In conclusion, in this randomized, multicenter trial involving patients who were success-
fully resuscitated after out-of-hospital cardiac arrest and who had a shockable rhythm 
and no signs of STEMI or a noncoronary cause of the arrest, a strategy of immediate 
angiography was not better than a strategy of delayed angiography with respect to 
overall survival at 90 days.
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7. Inclusion and exclusion criteria
Inclusion criteria CoaCT Trial
• Age > 18 years
• Comatose patients (Glasgow coma score < 8) with return of spontaneous circulation 

after out-of-hospital cardiac arrest.
• Ventricular tachycardia or ventricular fibrillation as initial arrest rhythm. Including 

patients treated with an AED.
Abbreviations: AED: automatic external defibrillator.

exclusion criteria CoaCT Trial
• Signs of STEMI on the ECG at the emergency department (including new LBBB or 

isolated ST depression in V1-V3 due to an true posterior infarct).
• Hemodynamic instability unresponsive to medical therapy. Defined as a prolonged 

(>30 min) systolic blood pressure <90 mmHg at the time of screening.
• An obvious or suspected non-coronary cause of the arrest.
• A known severe renal dysfunction (GFR<30 ml/min).
• Obvious or suspected pregnancy.
• Suspected or confirmed acute intracranial bleeding.
• Suspected or confirmed acute stroke.
• Known limitations in therapy or DO Not Resuscitate-order.
• Known pre-arrest Cerebral Performance Category 3 or 4.
• >4 hours (from return of spontaneous circulation to screening).
• Refractory ventricular arrhythmia.
• Known inability to complete 90-day follow-up.
ECG: electrocardiogram, GFR: glomerular filtration rate, LBBB: left bundle branch block, 
STEMI: ST-segment elevation myocardial infarction,

8. Informed consent process
Patients screened for the trial were unconscious and unable to consent at the time of 
screening. Legal representatives were often not present and if present frequently in no 
mental state to make a well-considered decision about participating in the study. The 
study intervention regarded an emergency intervention that had to be applied without 
delay and fulfilled the ethical requirements of clinical equipoise. Therefore, the patient 
was informed about the study intervention if and when consciousness recovered. In 
case the patient did not recover and remained unable to communicate, we informed 
the legal representative about the study. At that time, consent for use of the study data 
(deferred consent) was asked. If the patient had died before consent was obtained, the 
study data was used and no consent was obtained from the legal representatives. The 
rationale for the latter is that the legal representatives have no say within Dutch legisla-
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tion about clinical or study data of a deceased. Furthermore, possible refusal may have 
caused unwanted selection bias(1).

9. definition of unstable coronary lesion
All coronary lesions with a stenosis severity of ≥70% and the presence of characteristics 
of plaque disruption including lesion irregularity, dissection, haziness or thrombus 
defined by coronary angiography.

10. discontinuation of treatment
Patients after OHCA showing no neurological improvement after therapeutic tempera-
ture management and discontinuation of sedative medication due to postanoxic coma 
have a detrimental outcome. If clinical assessment, somatosensory-evoked potentials, 
and/or electroencephalography, performed 72 hours after the arrest and at least 24 hours 
after rewarming, predicts a poor outcome (defined as death or a persistent vegetative 
state), a multidisciplinary team may, in accordance with Dutch and European guide-
lines, decide to withdraw or limit life-sustaining treatment(2). If there is no consensus or 
uncertainty about potential recovery, the decision is postponed and the assessment is 
repeated at a later time.

11. biomarker measurements
Venous blood samples for creatine kinase, creatine kinase-MB mass and troponin T or I 
determination were obtained at admission and at 3, 6, 12, 24, 36, 48 and 72 hours after 
admission. Creatinine and lactate were obtained at admission, at 24, 48, 72 hours, and 
at discharge on the ICU.
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12. list of endpoints

13. outcome definitions

Death
Death of all cause.

Neurological outcome scored according to the Cerebral Performance Category 
scale(3)
CPC 1: Good cerebral performance, may have mild deficits.

CPC 2: Moderate cerebral disability, sufficient for independent activities of daily life.

CPC 3: Severe cerebral disability.

CPC 4: Coma or vegetative state.

outcome Reported in current 
paper

Primary endpoint: 90-day survival Yes

Time-to-death analysis (post hoc) Yes

90-day survival with good cerebral performance or moderate disability defined as CPC 
1 or 2

Yes

Myocardial injury measured by troponin and creatine-kinase-MB as AUC Yes

Duration of catecholamine or inotropic support Yes

Occurrence of acute kidney injury according to AKIN criteria Yes

Need for renal replacement therapy Yes

Time to optimal targeted temperature Yes

Neurological status at ICU discharge Yes

Markers of shock: lactate and SVO2 at day 1, 2 and 3 Yes

Recurrence of ventricular tachycardia needing defibrillation or electrical cardioversion Yes

Duration of mechanical ventilation Yes

Reason for discontinuation of treatment Yes

Left ventricular function on cardiac ultrasound or MRI No

Functional performance at 1 year No

MACE and survival at 1 and 5 years No

TIMI major bleeding Yes

Time to discontinuation of treatment (post hoc) Yes

Abbreviations: AKIN, acute kidney injury network; AUC, area under the curve; CPC, Cerebral Performance Category scale; 
ICU, intensive care unit; MRI, magnetic resonance imaging; MACE, major adverse cardiac events; TIMI, Thrombolysis In 
Myocardial Infarction.
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CPC 5: Dead.

Acute kidney injury according to Acute Kidney Injury Network criteria(4)
Stage 1: Increase in serum creatinine of more than or equal to 0.3 mg/dl (≥26.4 µmol/l) 
op increase to more than or equal to 150% to 200% (1.5- to 2-fold) from baseline.

Stage 2: Increase in serum creatinine to more than 200% to 300% (>2- to 3-fold) from 
baseline.

Stage 3*: Increase in serum creatinine to more than 300% (>3-fold) from baseline (or 
serum creatinine of more than or equal to 4.0 mg (≥354 µmol/l) with an acute increase 
of at least 0.5 mg/dl (44 µmol/l).

* Patients who received renal replacement therapy (RRT) are considered to have met the 
criteria for stage 3 irrespective of the stage they were in at the time of RRT.

Renal failure requiring renal replacement therapy
Any indication for renal replacement therapy (dialysis, hemofiltration or hemodiafiltra-
tion), such as volume overload, metabolic acidosis, hyperpotassemia or uremia due to 
renal failure.

Catecholamine or inotropic therapy
Any use of Dopamine, Dobutamine, Noradrenaline or Phosphodiesterase inhibitor.

Major bleeding
Major bleeding is defined using the Thrombus In Myocardial Infaction criteria as any 
intracranial bleeding, clinically overt signs of haemorrhage associated with a drop in 
haemoglobin of 5 g/dL and fatal bleeding (bleeding that directly results in death within 
7 days)(5).

Mechanical ventilation
The use of a ventilator to assist or replace spontaneous breathing with the use of an 
endotracheal or tracheostomy tube.

14. additional statistical analysis
All statistical tests were performed using a two-sided 5% significance level. All confi-
dence intervals reported were 95% and two-sided. The Fisher’s exact test was used in 
case the expected cell is below 5 for at least one cell in the two-by-two table. Continuous 
variables were summarized by mean and standard deviation if data were normal and 
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median and interquartile range (IQR) otherwise. Normality was assessed visually by 
means of QQ-plots. Continuous secondary endpoints were compared between groups 
using independent-samples t-test in case they were normally distributed and Mann-
Whitney test otherwise. Mean differences with 95% confidence intervals are presented 
for normally distributed endpoints and ratio of geometric means with 95% confidence 
intervals are presented for continuous outcomes that are not normally distributed. 
Ordinal variables were compared by Mann-Whitney test and summarized as frequencies 
and percentages in each category.

Time to death was visualized by means of Kaplan-Meier curves with the hazard ratio 
based on a Cox regression model reported as effect size.

The following subgroup analyses were pre-specified for analysis the primary endpoint: 
male versus female, patients≥70 years versus patients<70 years, patients with previous 
coronary artery disease versus patients without previous coronary artery disease, pa-
tients with a pH≥7.2 on admission versus patients with pH<7.2 on admission, witnessed 
arrest versus non-witnessed arrest, time to cardiopulmonary resuscitation (CPR)≤3 min 
versus time to CPR>3 min and ROSC>30 min versus ROSC≤30 min. Logistic regression 
was used to obtain OR and 95% CI for the subgroups. Additionally, a post hoc subgroup 
analysis was performed for signs of ischemia versus no signs of ischemia on the admis-
sion ECG. To test whether subgroups differed in terms of their OR for the treatment effect, 
we used a logistic regression model with main effects for treatment group, subgroup 
and their two-way interaction.

A sensitivity analysis was performed to assess the robustness of the conclusions for the 
primary endpoint to missingness due to drop out (lacking of informed consent). Two 
extreme settings were considered: a setting in which all 7 patients with missing primary 
endpoint in the immediate group were assumed survivors and all 7 patients with miss-
ing primary endpoint in the delayed group were assumed non-survivors and a setting 
in which all 7 patients with missing primary endpoint in the immediate group were 
assumed non-survivors and all 7 patients with missing primary endpoint in the delayed 
group were assumed survivors. Odds ratios with 95% confidence intervals and p-values 
for the chi-square test were calculated for both these extreme settings.
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15.

 

 

figure s1. study flowchart: The study flow chart demonstrates the inclusion, treatment allocation and 
lost to follow-up of COACT patients from the start to end of the study.
COACT, coronary angiography after cardiac arrest; OHCA, out of hospital cardiac arrest; ROSC, return of spontaneous cir-
culation.
* These patients received urgent intervention due to symptoms such as cardiogenic shock, recurrent life threatening ar-
rhythmia’s or recurrent ischemia while waiting for their coronary angiography.
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16.

17.

 

 

 

 

 

figure s2. screening sample: The screening sample comprises screened OHCA patients and their exclu-
sion reasons from the 1st of March until the end of the study (17th of July). During this period, all participat-
ing centers were enrolling patients.
Abbreviations: COACT, coronary angiography after cardiac arrest; ECG, electro cardiogram; GCS, Glasgow coma scale; 
OHCA, out of hospital cardiac arrest; ROSC, return of spontaneous circulation; STEMI, ST-segment elevated myocardial 
infarction; VF, ventricular fibrillation; VT, ventricular tachycardia.

 

 figure s3. subgroup analysis The forest plot displays the pre-specified subgroup analysis based on age, 
history of CAD, admission laboratory values, witnessed arrest, time to BLS and time to return of spontane-
ous circulation. The odds ratio with the 95% CI is for 90-day survival. The P value is for testing whether there 
is an effect of treatment on 90 day-survival within the pre-specified subgroup. The P value for interaction is 
for testing whether the effect of treatment on 90-day survival differs between the subgroups.
Abbreviations: BLS, basic life support; CAD, coronary artery disease; CI, confidence interval; No., number; pH, potential of 
hydrogen; ROSC, return of spontaneous circulation.
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18.

19.

 

A. B. and C. demonstrate the difference in AUC of creatine 

figure s4. biomarker levels: a., b. and C. demonstrate the diff erence in AUC of creatine kinase, creatine 
kinase-MB and troponin from 0 to 72 hours aft er admission in out-of-hospital cardiac arrest patients with 
immediate versus delayed coronary angiography. There is no signifi cant diff erence between groups in AUC 
or peak-values of creatine kinase, creatine kinase-MB and troponin.
Abbreviations: CK, creatine kinase; CK-MB, creatine-kinase muscle brain.

 

figure s5. lactate and creatinine levels: a. and b. demonstrate the respective diff erences in lactate and 
creatinine levels at admission, day 1, day 2 and day 3 in patients with immediate versus delayed coronary 
angiography. There is no signifi cant between group diff erence for all time-points.
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20. Table s1. additional procedural and treatment characteristics
Parameter Immediate Invasive 

Group (n=273)
delayed Invasive Group 

(n=265)

Coronary angiography performed – no./total no. (%) 265/273 (97.1) 172†/265 (64.9)

Coronary angiography access site – no./total no. (%)

Femoral 157/264 (59.5) 47/171 (27.5)

Radial 107/264 (40.5) 124/171 (72.5)

Time from arrest to coronary angiography – hr, 
median (IQR)

2.3 (1.8-3.0) 121.9 (52.0-197.3)

Time randomization to coronary angiography – hr, 
median (IQR)

0.8 (0.5-1.2) 119.9 (47.2-203.7)

Coronary artery disease severity – no./total no. (%)

None 94/265 (35.5) 59/172 (34.3)

One vessel disease 72/265 (27.2) 49/172 (28.5)

Two vessel disease 54/265 (20.4) 35/172 (20.3)

Three vessel disease 45/265 (17.0) 29/172 (16.9)

Acute unstable lesion – no./total no. (%) 36/265 (13.6) 29/172 (16.9)

Location of acute unstable lesion – no./total no. (%)

LM 1/265 (0.4) 1/172 (0.6)

LAD 10/265 (3.8) 11/172 (6.4)

RCX 16/265 (6.0) 11/172 (6.4)

RCA 9/265 (3.4) 6/172 (3.5)

Graft 0/265 (0.0) 0/172 (0.0)

Acute thrombotic occlusion – no./total no. (%) 9/265 (3.4) 13/172 (7.6)¥

Location acute thrombotic occlusion – no./total no. 
(%)

LM 0/265 (0.0) 0/172 (0.0)

LAD 0/265 (0.0) 4/172 (2.3)

RCX 6/265 (2.3) 7/172 (4.1)

RCA 3/265 (1.1) 2/172 (1.2)

Graft 0/265 (0.0) 0/172 (0.0)

Chronic total occlusion – no./total no. (%) 100/265 (37.7) 58/172 (33.7)

Aspiration thrombectomy – no./total no. (%) 5/265 (1.9) 1/171 (0.6)

Revascularization treatment – no./total no. (%)

PCI 90/273 (33.0) 64/265 (24.2)

CABG 17/273 (6.2) 23/273 (8.7)

Medical/conservative 168/273 (61.5) 179/265 (67.5)

Time from randomization to PCI

PCI performed during first coronary angiography 
– no./total no. (%)

64/273 (23.4) 50/265 (18.9)

Staged PCI – no./total no. (%) 20/273 (7.3) 14/265 (5.3)
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Parameter Immediate Invasive 
Group (n=273)

delayed Invasive Group 
(n=265)

PCI both first coronary angiography and staged – 
no./total no. (%)

6/273 (2.2) 0/265 (0.0)

Treated coronary arteries by PCI – no./total no. (%)

Left main 7/90 (7.8) 3/64 (4.7)

LAD 41/90 (45.6) 33/64 (51.6)

RCX 35/90 (38.9) 28/64 (43.8)

RCA 29/90 (32.2) 19/64 (29.7)

Graft 4/90 (4.4) 0/64 (0.0)

Total number of stents – median (IQR) 1 (1-2) 1 (1-2)

Stent type – no./total no. (%)

Bare metal 1/89 (1.1) 1/62 (1.6)

Drug-eluting 78/89 (87.6) 58/62 (93.5)

PCI without stent 12/90 (13.3) 6/64 (9.4)

Total stent length – mm, median (IQR) 30 (18-61) 24 (16-50)

Time from randomization to CABG – days, median 
(IQR)

12.5 (10.6-17.0) 16.1 (13.3-18.9)

ICD implantation* – no./total no. (%) 108/273 (39.6) 106/265 (40.0)

Intensive care support

Mechanical ventilation – no./total no. (%) 262/273 (96.0) 252/265 (95.1)

Noradrenaline administration – no./total no. (%) 238/273 (87.2) 230/265 (86.8)

Dobutamine administration – no./total no. (%) 67/273 (24.5) 77/265 (29.1)

Dopamine administration – no./total no. (%) 11/273 (4.0) 18/265 (6.8)

Phosphodiesterase administration – no./total no. 
(%)

25/273 (9.2) 24/265 (9.1)

Targeted temperature management – no./total no. 
(%)

257/273 (94.1) 247/265 (93.2)

Hypothermia (30-35.9°C) – no./total no. (%) 159/273 (58.2) 152/265 (57.4)

Normothermia (36-37°C) – no./total no. (%) 96/273 (35.2) 94/265 (35.5)

Surface cooling device∞ – no./total no. (%) 199/273 (72.9) 189/265 (71.3)

Intravascular cooling device§ – no./total no. (%) 58/273 (21.2) 58/265 (21.9)

Lowest temperature – mean±SD 33.7±1.5 33.7±1.5

Assist device used – no./total no. (%) 7/273 (2.6) 2/265 (0.8)

Duration of stay at ICU - days, median (IQR) 4 (2-6) 4 (2-6)

Medical treatment during hospitalization

Salicylates – no./total no. (%) 207/273 (75.8) 230/265 (86.8)

P2Y12 inhibitor – no./total no. (%) 159/273 (58.2) 188/265 (70.9)

Ticagrelor – no./total no. (%) 97/272 (35.7) 105/264 (39.8)

Prasugrel – no./total no. (%) 2/272 (0.7) 1/264 (0.4)

Clopidogrel – no./total no. (%) 61/272 (22.4) 84/264 (31.8)

Unfractionated heparin/LMWH – no./total no. (%) 246/273 (90.1) 234/265 (88.3)
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21. Table s2. Reasons for crossover

Parameter Immediate Invasive 
Group (n=273)

delayed Invasive Group 
(n=265)

Bivalirudin – no./total no. (%) 2/273 (0.7) 2/265 (0.8)

Glycoprotein IIb/IIIa inhibitor – no./total no. (%) 17/273 (6.2) 7/265 (2.6)

Statins – no./total no. (%) 173/273 (63.4) 182/265 (68.7)

Betablocker – no./total no. (%) 187/272 (68.8) 186/264 (70.5)

ACE-inhibitor/angiotensin II receptor blocker – no./
total no. (%)

164/272 (60.3) 169/264 (64.0)

Amiodarone – no./total no. (%) 74/272 (27.2) 83/265 (31.3)

Duration of hospitalization - days, median (IQR) 12 (6-21) 14 (7-22)

Abbreviations: ACE, angiotensin-converting-enzyme; CABG, coronary artery bypass graft; ICD, implantable cardioverter 
defibrillator; ICU, intensive care unit; IQR, interquartile range; LAD; left anterior descending artery; LMWH, low molecular 
weight heparin; NA, not applicable; RCA, right coronary artery; RCX, right coronary circumflex; SD, standard deviation.
† 38 of these patients went for urgent intervention due to cardiac deterioration.
¥ Six of these patients went for urgent intervention due to cardiac deterioration.
* In both groups one patient already had an ICD before inclusion.
∞ Surface cooling devices included water circulating cooling blankets and gel-coated adhesive pads.
§ Intravascular cooling devices are endovascular cooling catheters.

study no. Randomized
strategy

Crossover to Comment

110098 Immediate invasive Delayed invasive Patient appeared to have hematoperitoneum

130021
Immediate invasive Delayed invasive After randomization patient appeared to have do-not-

resuscitate order

140020 Immediate invasive Delayed invasive Protocol violation, patient had GCS-score of 14

140025 Immediate invasive Delayed invasive Patient appeared to have subarachnoidal bleeding

150024 Immediate invasive Delayed invasive Splenic rupture became apparent

150054
Immediate invasive Delayed invasive Congenital heart disease emerged as suspected cause 

of cardiac arrest

150062
Immediate invasive Delayed invasive Aorta dissection emerged as suspected cause of cardiac 

arrest

150093 Immediate invasive Delayed invasive Patient appeared to have epidural hematoma

160010 Immediate invasive Delayed invasive Logistical reasons

160016 Immediate invasive Delayed invasive Logistical reasons

230036
Immediate invasive Delayed invasive No significant abnormalities on recent coronary 

angiography

250001 Immediate invasive Delayed invasive High bleeding risk

250008 Immediate invasive Delayed invasive Logistical reasons

120005 Delayed invasive Immediate invasive Logistical reasons

150017 Delayed invasive Immediate invasive Human error

160023 Delayed invasive Immediate invasive Reason unknown
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22. Table s3. urgent CaG in patients from the delayed invasive strategy

23. Table s4. Reasons for withdrawal of life-sustaining treatment

24. Table s5. Timing of withdrawal of life-sustaining treatment

no. of patients Comment

9 Recurrent ventricular arrhythmia, unresponsive to medical therapy

13 STEMI

1 Cardiogenic shock

15 Other reason

Abbreviations: STEMI, ST segment elevation myocardial infarction.

outcome Immediate Invasive Group 
(n=76)

delayed Invasive Group 
(n=69)

Reason withdrawal of life-sustaining treatment 
– no./total no. (%)

 Brain death 12/76 (15.8) 9/69 (13.0)

 Neurological reasons* 44/76 (57.9) 40/69 (58.0)

 Multi organ failure 12/76 (15.8) 14/69 (20.3)

 Comorbidity 0/76 (0.0) 4/69 (5.8)

 Other reasons 8/76 (10.5) 2/69 (2.9)

* Neurologic reasons is severe brain damage with persistent coma.

outcome Immediate Invasive 
Group (n=76)

delayed Invasive 
Group (n=69)

Mean difference 
(95% CI)

Timing of withdrawal of life-sustaining 
treatment – median (IQR), days

4.0 (2.2-7.5)
(2.6 – 4.3)

3.3 (2.0-6.9)
(2.4 – 4.5)

1.0 (0.68-1.48)
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25. Table s6. numbers of patients analyzed for each endpoint

26. Table s7. sensitivity analysis of the primary endpoint

outcome number of patients 
included in analysis§

Primary endpoint: 90-day survival N=538

Time-to-death analysis (post hoc) N=538

90-day survival with good cerebral performance or moderate disability defined as 
CPC 1 or 2

N=536

Myocardial injury measured by troponine and creatinine kinase-MB as AUC N=493

Duration of inotropic support N=458*

Occurrence of acute kidney injury according to AKIN criteria N=487

Need for renal replacement therapy N=538

Time to optimal hypothermia N=472†

Neurological status at ICU discharge N=507

Markers of shock at day 1, 2 and 3 Day 1, N=417; Day 2, 
N=411; Day 3, N=335

Recurrence of ventricular tachycardia needing defibrillation or electrical 
cardioversion

N=538

Duration of mechanical ventilation N=493

Reason for discontinuation of treatment N=145

TIMI major bleeding (post hoc) N=538

Time to discontinuation of treatment (post hoc) N=142
§ 552 were included in the trial, of which 14 patients denied deferred informed consent. Data of these patients was not 
included in the analysis.
* A subset of patients did not receive inotropic support. These were not included in the analysis.
† A subset of patients did not receive targeted temperature management. These were not included in the analysis.

survival at 90 days – no./total no. (%) Immediate 
Invasive Group 

(n=280)

delayed 
Invasive Group 

(n=272)

odds ratio
(95% CI)

P Value*

Missing immediate ‘yes’,
missing delayed ‘no’

183/280 (65.4) 178/272 (65.4) 1.00 (0.70-1.42) 0.98

Missing immediate ‘no’,
missing delayed ‘yes’

176/280 (62.9) 185/272 (68.0) 0.80 (0.56-1.13) 0.20

* The delayed invasive group is used as the reference group for odds ratios and mean differences.
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27. Table s8. Causes of death
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Cause of death – no./total no. (%) Immediate Invasive Group 
(n=94)

delayed Invasive Group 
(n=83)

 Cardiogenic shock 11/94 (11.7) 7/83 (8.4)

 Arrhythmias 7/94 (7.4) 5/83 (6.0)

 Neurologic injury 59/94 (62.8) 55/83 (66.3)

 Multi organ failure/sepsis 8/94 (8.5) 12/83 (14.5)

 Other causes 9/94 (9.6) 4/83 (4.8)
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absTRaCT

Importance Ischemic heart disease is a common cause of cardiac arrest. However, 
randomized data on long-term clinical outcomes of immediate coronary angiography 
and percutaneous coronary intervention (PCI) in patients successfully resuscitated from 
cardiac arrest in the absence of ST segment elevation myocardial infarction (STEMI) are 
lacking.

objective To determine whether immediate coronary angiography improves clinical 
outcomes at 1 year in patients after cardiac arrest without signs of STEMI, compared 
with a delayed coronary angiography strategy.

design, setting and participants A prespecified analysis of a multicenter, open-label, 
randomized clinical trial evaluated 552 patients who were enrolled in 19 Dutch centers 
between January 8, 2015, and July 17, 2018. The study included patients who experi-
enced out-of-hospital cardiac arrest with a shockable rhythm who were successfully 
resuscitated without signs of STEMI. Follow-up was performed at 1 year. Data were ana-
lyzed, using the intention-to-treat principle, between August 29 and October 10, 2019.

Interventions Immediate coronary angiography and PCI if indicated or coronary angi-
ography and PCI if indicated, delayed until after neurologic recovery.

Main outcomes and measures Survival, myocardial infarction, revascularization, im-
plantable cardiac defibrillator shock, quality of life, hospitalization for heart failure, and 
the composite of death or myocardial infarction or revascularization after 1 year.

Results At 1 year, data on 522 of 552 patients (94.6%) were available for analysis. Of 
these patients, 413 were men (79.1%); mean (SD) age was 65.4 (12.3) years. A total of 
162 of 264 patients (61.4%) in the immediate angiography group and 165 of 258 patients 
(64.0%) in the delayed angiography group were alive (odds ratio, 0.90; 95%CI, 0.63-1.28). 
The composite end point of death, myocardial infarction, or repeated revascularization 
since the index hospitalization was met in 112 patients (42.9%) in the immediate group 
and 104 patients (40.6%) in the delayed group (odds ratio, 1.10; 95%CI, 0.77-1.56). No 
significant differences between the groups were observed for the other outcomes at 
1-year follow-up. For example, the rate of ICD shocks was 20.4%in the immediate group 
and 16.2%in the delayed group (odds ratio, 1.32; 95%CI, 0.66-2.64).

Conclusions and relevance In this trial of patients successfully resuscitated after out-
of-hospital cardiac arrest and without signs of STEMI, a strategy of immediate angiog-
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raphy was not found to be superior to a strategy of delayed angiography with respect to 
clinical outcomes at 1 year. Coronary angiography in this patient group can therefore be 
delayed until after neurologic recovery without affecting outcomes.

Trial registration trialregister.nl Identifier: NTR4973
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InTRoduCTIon

Out-of-hospital cardiac arrest is a major global health care issue. The outcome of pa-
tients after cardiac arrest is poor. A previous study reported that approximately 40% 
of patients successfully resuscitated from cardiac arrest associated with ventricular 
fibrillation or pulseless ventricular tachycardia do not survive (1).

Because ischemic heart disease is the most frequent cause of cardiac arrest and coronary 
artery disease has been reported in up to 70% of successfully resuscitated patients(2), it 
has been suggested that immediate coronary angiography and percutaneous coronary 
intervention (PCI), if necessary, should be considered in all patients after cardiac arrest, 
regardless of electrocardiogram (ECG) patterns.

Although, to our knowledge, it has never been studied in a randomized clinical trial, 
there is little debate about the role of immediate coronary angiography with PCI in pa-
tients who present with ST-segment elevation myocardial infarction (STEMI) and cardiac 
arrest.(3, 4). However, the role of immediate angiography in patients after cardiac arrest 
without STEMI is less clear. The Coronary Angiography After Cardiac Arrest (COACT) 
trial was designed to test the hypothesis that, in patients successfully resuscitated after 
cardiac arrest in the absence of STEMI, a strategy of immediate coronary angiography 
and PCI, if necessary, results in better survival compared with a strategy of coronary 
angiography delayed until after neurologic recovery. However, no significant difference 
in 90-day survival was found between the 2 treatment groups (5). Nevertheless, the ef-
fects of immediate coronary angiography and PCI may improve long-term outcomes. 
Immediate PCI may prevent loss of myocardial function and, by doing so, might improve 
long term mortality and morbidity. Furthermore, several observational studies have 
reported long-term benefit of an immediate angiography strategy on survival (6) and it 
has therefore been advocated that long term data from randomized trials are needed to 
further evaluate the role of immediate coronary angiography in this patient group.

MeThods

study design
The COACT trial was an investigator-initiated, randomized, open-label, multicenter trial 
comparing immediate vs delayed coronary angiography in patients successfully resus-
citated from cardiac arrest without ST-segment elevation on the ECG tracing. The trial 
design has been published previously (7). The protocol was developed by 3 of us (J.S.L., 
N.v.R., and H.M.O.-v.S.) and was approved by the steering committee and all relevant 
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ethics committees. The trial protocol is available in Supplement 1. Participants provided 
informed consent and the study complied with the tenets of the Declaration of Helsinki.

The trial was sponsored by the Netherlands Heart Institute, Biotronik and AstraZeneca. 
The sponsors of the trial did not play any role in the design of the trial, the selection 
of the participating centers, the monitoring of the trial conduct, the enrollment of par-
ticipants, the collection or recording of the data, the storage and retention of the data, 
the analysis of the data, the writing of the manuscript, or the decision to submit the 
manuscript for publication.

A clinical research organization (Clinical Research Unit Cardiology VUmc) was respon-
sible for maintaining and monitoring the patient data. A data and safety monitoring 
committee oversaw the trial. An independent core laboratory, blinded to treatment 
allocation, evaluated all coronary angiography and PCI procedures. This study followed 
the Consolidated Standards of Reporting Trials (CONSORT) reporting guideline for ran-
domized clinical trials.

Patients and treatment
Patients were eligible for the study if they had an out of hospital cardiac arrest with an 
initial shockable rhythm, and were unconscious after return of spontaneous circulation. 
Patients were excluded if they had signs of STEMI on the ECG in the emergency depart-
ment, shock, or an obvious non-coronary cause of the arrest. Further inclusion and 
exclusion criteria and definitions are listed in Supplemental 2. For all enrolled patients, 
deferred informed consent was obtained with the use of a pre-specified procedure (eAp-
pendix in supplement 2).

Eligible patients were randomized in a 1:1 ratio to either immediate or delayed coro-
nary angiography using a web based randomization system (Castor EDC). In patients 
allocated to the immediate coronary angiography group, the procedure was performed 
as soon as possible and was initiated within 2 hours after randomization. In the delayed 
coronary angiography group, the procedure was performed after neurologic recovery 
and, in general, following discharge from the intensive care unit. If a patient initially 
randomized to the delayed coronary angiography group showed signs of cardiogenic 
shock, recurrent life-threatening arrhythmias, or recurrent ischemia during their hos-
pitalization, urgent coronary angiography was performed. The choice of anticoagulant 
and revascularization strategy was left to the discretion of the treating physicians, 
although it was recommended that treatment should be administered to all coronary 
lesions suspected of being unstable.
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Further post-resuscitation care was in line with the resuscitation guidelines (8). Tar-
geted temperature management was initiated as soon as possible and according to 
local protocol. The approach to withdrawal of life-sustaining treatment for patients with 
persistent coma was not prespecified but was based on local practice in accordance to 
Dutch and European guidelines (eAppendix in Supplement 2).

Follow-up data were obtained by telephone interview at 1 year with the patient, family 
member, or from information acquired from the patient’s general physician. The follow-
up was conducted by a member of the research team who was blinded to the treatment 
allocation. Any potential end point events were verified in a review of original medical 
records by the research team. In addition, death registries were searched to identify 
deaths. The primary end point of the trial was survival at 90days; results associated with 
this outcome have been reported previously (5). For the 1-year analysis, results are re-
ported for the following prespecified secondary outcomes: death, myocardial infarction 
since the index hospitalization, repeated revascularization since the index hospitaliza-
tion, hospitalization for heart failure, and implantable cardiac defibrillator (ICD) shock. 
In addition, results are reported for the composite of death or myocardial infarction or 
any revascularization since the index hospitalization. Quality of life was assessed with 
theRAND-36questionnaire (range,0-100,where 0 indicates maximal disability and 100 
indicates no limitations) at 1 year. A detailed description of the definitions of outcome 
measures is provided in the eAppendix in Supplement 2.

statistical analysis
The design and sample-size calculation for the 90-day analysis have been described 
previously and are summarized in Supplement 2 (5, 7). In the 1-year analysis presented 
here, data was included for all the patients who had the 1-year follow up and did not re-
tract consent. All analyses were performed according to the intention to treat principle. 
The 1-year event rates were calculated as percentages of patients who had an event 
within one year after randomization.

Effect sizes with 95%CIs are reported for the clinical outcomes, rather than P values, as all 
analyses presented herein are for secondary end points. Odds ratios (ORs) are reported 
for dichotomous outcomes. The ratio of geometric means is used as the effect size for 
skewed continuous data. All effect sizes reported are for immediate relative to delayed 
coronary angiography. A sensitivity analysis was performed to assess the robustness of 
the conclusions for the proportion of patients surviving at 1 year. A Kaplan-Meier curve 
is used to display cumulative survival over time separately in each intervention group 
with the hazard ratio reported as effect size. Statistical analysis was conducted using 
SPSS, version 26 (IBM Corp).
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ResulTs

Patients
Between January 8, 2015, and July 17, 2018, 552 patients who were successfully re-
suscitated from cardiac arrest and without ST-segment elevation shown on ECG were 
enrolled in the trial at 19 participating Dutch centers (Figure 1). Screening data were 
available during the final period of inclusion, when all centers were enrolling patients 
(eFigure 1 in Supplement 2). After exclusion of patients for whom informed consent was 
retrospectively refused, 538 patients (97.5%) were available for analysis of the primary 
end point of survival at 90 days. In addition, 13 patients refused consent for the 1-year 
follow-up and 3 patients were lost to follow-up. Data on1-year vital status were avail-
able for 522 of the 552 patients (94.6%),of whom 264 were assigned to the immediate 

 

 

 

 

 

figure 1. study flowchart
Figure legend: The study flow chart demonstrates the inclusion, treatment allocation, informed consent procedure and 
lost to follow-up of COACT patients from the start up to 1 year. COACT indicates, coronary angiography after cardiac arrest; 
OHCA, out of hospital cardiac arrest; ROSC, return of spontaneous circulation.
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Table 1 Baseline Characteristics of the Patients.*

Characteristic

Immediate 
Angiography Group

(N = 264)

Delayed Angiography 
Group

(N = 258)

Age - yr 65.8±12.5 65.0±12.2

Sex - no. (%)

 Men 215 (81.4) 198 (76.7)

 Women 49 (18.6) 60 (23.3)

Hypertension - no./total no. (%) 128/260 (49.2) 124/258 (48.1)

Previous myocardial infarction - no. (%) 70 (26.5) 74 (28.7)

Previous CABG - no./total no. (%) 41/263 (15.6) 24/258 (9.3)

Previous PCI - no./total no. (%) 44/263 (16.7) 59/257 (23.0)

Previous coronary artery disease - no. (%) 94 (35.6) 94 (36.4)

Previous cerebrovascular accident - no./total no. (%) 19/263 (7.2) 15/258 (5.8)

Diabetes mellitus - no./total no. (%) 54/263 (20.5) 42/258 (16.3)

Current smoker - no./total no. (%) 47/240 (19.6) 64/242 (26.4)

Hypercholesterolemia - no./total no. (%) 69/261 (26.4) 76/256 (29.7)

Peripheral artery disease - no./total no. (%) 16/263 (6.1) 22/258 (8.5)

Arrest witnessed - no. (%) 210 (79.5) 198 (76.7)

Median time from arrest to basic life support (IQR) - min 2 (1-5) 2 (1-5)

Median time from arrest to return of spontaneous circulation 
(IQR) - min

15 (8-20) 15 (8-20)

Signs of ischemia on ECG - no./total no. (%)a 162/253 (64.0) 167/241 (69.3)

Median GCS score at admission (IQR)b 3 (3-3) 3 (3-3)

APACHE IV scorec 107±28 105±32

Baseline laboratory values

 pH 7.2±0.1 7.2 ±0.1

 Median lactic acid (IQR) - mmol/liter 5.2 (3.0-8.8) 4.9 (2.8-8.1)

 Bicarbonate - mmol/liter 19.4±4.4 19.0 ±4.5

 Base excess -7.5±6.3 -7.8±6.2

 Median partial pressure of oxygen (IQR) - kPa 14.7 (9.0-27.2) 15.4 (10.2-28.8)

 Median creatinine (IQR) - µmol/liter 102 (90-119) 101 (87-114)

 Median creatine kinase (IQR) - U/liter 164 (118-252) 167 (118-253)

 Median creatine kinase MB (IQR) - µg/liter 6.1 (4.0-13.8) 6.3 (3.7-19.9)

 Median troponin T (IQR) - µg/liter 0.044 (0.029-0.082) 0.053 (0.026-0.117)

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; CABG, coronary artery
bypass graft; ECG, electrocardiography; GCS, Glasgow Coma Scale; IQR, interquartile range; PCI, percutaneous coronary 
intervention. SI conversion factors: To convert bicarbonate to millimoles per liter, multiply by 1; creatine kinase to mi-
crokatals per liter, multiply by 0.0167; creatine kinase MB fraction to micrograms per liter, multiply by 1; creatinine to 
micromoles per liter, multiply by 88.4; lactic acid to millimoles per liter, multiply by 1; and troponin T to micrograms per 
liter, multiply by 1.
a Signs of ischemia on ECG are defined as depressions of 1mmor more in 2 contiguous leads, T-wave
inversion in 2 contiguous leads, or both.
b GCS scores range from 3 to 15, with lower scores indicating a reduced level of consciousness.
c APACHE IV scores range from 0 to 286, with higher scores indicating a higher risk of death.
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angiography group and 258 to the delayed angiography group. Of the 522 patients with 
available data, 413weremen(79.1%) and 109 were women(20.9%); mean (SD) age was 
65.4 (12.3) years. The baseline characteristics are presented in Table 1.

Treatment
Procedural and treatment characteristics are reported in Table 2 and eTables 1, 2, and 
3 in Supplement 2. Coronary angiography was performed in 256 patients (97.0%) in the 
immediate group and 167 patients (64.7%) in the delayed group. The median time from 
randomization to coronary angiography was 0.9 (interquartile range [IQR], 0.6-1.2) hours 
in the immediate group and 119.9 (IQR, 47.7-200.2) hours in the delayed group. An acute 
thrombotic occlusion was found in 3.1%of patients (8 of 256) in the immediate group 
and 7.8% of patients (13 of 167) in the delayed group. Chronic total occlusion in one of 
the coronary arteries was found in 37.5%of patients (96 of 256) in the immediate group 
and 34.7%of patients (58 of 167) in the delayed group. The rate of PCI was 32.6% (86 of 
264) in the immediate group and 24.4% (63 of 258) in the delayed group. Coronary artery 
bypass graft was performed in 6.1% of patients (16 of 264) in the immediate group and 
8.1% of patients (21 of 258) in the delayed group. Patients randomized to the immediate 

Table 2. Procedural and Treatment Characteristics
Immediate 
Angiography 
group (N = 264)

Delayed 
Angiography 
group (N = 258)

Coronary angiography performed - no. (%) 256 (97.0) 167† (64.7)

 Median time from arrest to coronary angiography (IQR) - hr 2.1 (1.5-2.8) 121.4 (50.4-201.4)

 Median time randomization to coronary angiography (IQR) - hr 0.9 (0.6-1.2) 119.9 (47.7-200.2)

Coronary artery disease severity - no./total no. (%)

 No clinically significant disease 92/256 (35.9) 57/167 (34.1)

 One-vessel disease 69/256 (27.0) 48/167 (28.7)

 Two-vessel disease 53/256 (20.7) 34/167 (20.4)

 Three-vessel disease 42/256 (16.4) 28/167 (16.8)

Acute unstable lesion - no./total no. (%) 33/256 (12.9) 27/167 (16.2)

Acute thrombotic occlusion - no./total no. (%) 8/256 (3.1) 13/167¥ (7.8)

Chronic total occlusion - no./total no (%) 96/256 (37.5) 58/167 (34.7)

Revascularization treatment - no. (%)

 PCI 86 (32.6) 63 (24.4)

 CABG 16 (6.1) 21 (8.1)

 Pharmacologic or conservative treatment 164 (62.1) 174 (67.4)

Abbreviations: IQR, interquartile range; SD, standard deviation; PCI, percutaneous coronary intervention; CABG, coronary 
artery bypass graft.
† Thirty-five of these patients went for urgent intervention due to cardiac deterioration.
¥ Six of these patients went for urgent intervention due to cardiac deterioration.
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group were more often treated with a glycoprotein IIb/IIIa inhibitor (immediate:6.4%vs 
delayed: 2.7%), while patients randomized to delayed angiography were more likely to 

 

 

 

 

figure 2. Kaplan-Meier estimates of survival among Patients Who underwent Immediate or delayed 
Coronary angiography after Cardiac arrest
A, Estimates of survival: hazard ratio (HR) for death, 1.09 (95%CI, 0.83-1.45). B, Landmark analysis: HR for death from 0 to 
90 days, 1.11 (95%CI, 0.83-1.49), and HR for death from 90 days to 1 year, 0.85 (95%CI, 0.26-2.78).
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be treated with salicylates (immediate: 76.1% vs delayed: 87.2%) and/or a P2Y12 inhibi-
tor (immediate: 57.6% vs delayed: 71.3%) (eTable 1 in Supplement 2).

Over 90% of patients in each group were treated with targeted temperature manage-
ment and mechanical ventilation. Median time to target temperature for those receiving 
this treatment was 5.5 (IQR, 2.9-8.6) hours in the immediate group and 4.7 (IQR, 2.6-7.5) 
hours in the delayed group. Details on withdrawal of life-sustaining treatment are given 
in eTable 4 in Supplement 2.

end points
As reported previously (5), no significant difference was found for the primary outcome 
of the trial—survival at 90 days— with 176 of 273 patients (64.5%) surviving in the im-
mediate coronary angiography group compared with 178 of 265 patients (67.2%) in the 
delayed group (OR, 0.89; 0.62-1.27; P = .51). Clinical outcomes at 1 year are reported in 
Table 3. At 1 year, survival was met in 162 of 264 patients (61.4%) in the immediate group 

Table 3. Clinical outcomes at 1-year follow-up
Immediate 

Angiography 
group (N = 264)

Delayed 
Angiography 

group (N = 258)

Effect size
(95% CI)†

Survival, no. (%) 162 (61.4) 165 (64.0) 0.90 (0.63-1.28)

Myocardial infarction since index hospitalization – no (%) 2/264 (0.8) 1/258 (0.4) 1.96 (0.18-21.8)

Any revascularization since index hospitalization – no (%) 10/264 (3.8) 10/258 (3.9) 0.98 (0.40-2.39)

Any PCI since index hospitalization – no (%) 8/264 (3.0) 8/258 (3.1) 0.98 (0.36-2.64)

Repeat PCI of the previously treated culprit lesion – no (%) 0/264 (0.0) 3/258 (1.2) NA

Any CABG since index hospitalization – no (%) 2/264 (0.8) 2/258 (0.8) 0.98 (0.14-6.99)

CABG of the previous treated culprit lesion –no (%) 1/264 (0.4) 0/258 (0.0) NA

Hospitalization due to heart failure since index 
hospitalization – no. (%)

2/264 (0.8) 1/258 (0.4) 1.96 (0.18-21.8)

ICD implantation since index hospitalization – no. (%) 8/264 (3.0) 4/258 (1.6) 1.98 (0.59-6.67)

ICD shock – no. (%) 23/113 (20.4) 17/105 (16.2) 1.32 (0.66-2.64)

If yes, how many times (different days)
Median (IQR)
Geometric means

1 (1-1)
GM:1.3 (1.0 – 1.6)

1 (1-2)
GM: 1.5 (1.1-2.1)

0.82 (0.56-1.22)1

Appropriate ICD shock – no. (%) 19/23 (82.6) 12/17 (70.6) 1.60 (0.72-3.58)

Composite of death, revascularization or myocardial 
infarction after index hospitalization no./total no. (%)

112/261 (42.9) 104/256 (40.6) 1.10 (0.77-1.56)

Abbreviations: CABG; coronary artery bypass grafting; GM, geometric means; ICD, implantable cardioverter-defibrillator; 
IQR, interquartile range; NA, not applicable; PCI, percutaneous coronary intervention.
† The effect size is the odds ratio of unless otherwise noted. The delayed angiography group is used as the reference group 
for odds ratios of geometric means. The 95% confidence intervals for the secondary end points have not been adjusted for 
multiplicity, and therefore inferences drawn from these intervals may not be reproducible.
1 Ratio of geometric means.
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and 165 of 258 patients (64.0%) in the delayed group, yielding an effect size similar to 
that for survival at 90 days (OR, 0.90; CI, 0.63-1.28) (Table 3). The sensitivity analysis 
for survival at 1 year showed no significant difference between the groups (eAppendix, 
eTable 5 in Supplement 2). In a post hoc landmark analysis, the hazard ratio for mortal-
ity between 90 days and 1 year was 0.85 (95% CI, 0.26-2.87). Mortality between 90 days 
and 1 year was 2.2% in our study. Mortality between 90 days and 1 year was 1.90% in 
the immediate group and 2.3% in the delayed group (Figure 2). In an additional analysis 
accounting for clustering of patients within hospitals, the OR for 1-year survival was 0.89 
(95% CI, 0.62-1.29). Furthermore, in a per protocol analysis that excluded crossovers, the 
OR for 1 year was 0.92 (95% CI, 0.64-1.32).

Myocardial infarction since the index hospitalization occurred in 2 patients (0.8%) in the 
immediate group and 1 patient (0.4%) in the delayed group. Since the index hospital-
ization, PCI was performed in 8 patients (3.0%) in the immediate group and 8 patients 
(3.1%) in the delayed group. Coronary artery bypass grafting of the previously treated 
lesion since the index hospitalization was performed in 1 patient (0.4%) in the immedi-
ate group and none in the delayed group. The endpoint of hospitalization due to heart 
failure was met in 2 patients (0.8%) in the immediate group and 1 patient (0.4%) in the 
delayed group. Twenty-three of 113 patients (20.4%) with an ICD in the immediate group 
and 17 of 105 patients (16.5%) with an ICD in the delayed group had received a shock. 
The composite end point of death, myocardial infarction, or repeated revascularization 
since the index hospitalization was met in 112 of 261 patients (42.9%) in the immediate 
group and 104 of 256 patients (40.6%) in the delayed group. Quality-of-life scores were 
obtained for 235 of the 329 patients who survived until 1 year. Median for the RAND-36 
physical component score was 49.2 (IQR, 42.2-55.3) in the immediate group and 50.4 
(IQR, 44.9-55.2) in the delayed group. For the RAND-36mentalcomponent score, the 
medians were 51.3 (IQR, 42.4-56.4) in the immediate group and 50.0(IQR, 42.8-56.2) in 
the delayed group (eTable 6 and eFigure 2 in Supplement 2).

dIsCussIon

The COACT multicenter, randomized clinical trial compared immediate coronary angiog-
raphy with delayed coronary angiography in patients successfully resuscitated from out-
of-hospital cardiac arrest without ST-segment elevation on the ECG and in the absence 
of an obvious non coronary cause of the arrest. In the COACT trial, 90-day survival did 
not differ significantly between the 2 treatment strategies.(5) In the analyses reported 
here in, we found no significant difference in survival at 1 year between the immediate 
and delayed coronary angiography groups. Furthermore, we observed similar rates of 
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myocardial infarction, revascularization, hospitalization for heart failure, or ICD shock 
since the index hospitalization in the 2 groups.

The results of this study show that mortality primarily occurs during the first 90 days 
after the arrest. Mortality between 90 days and 1 year was 2.2% in our study. This inci-
dence is in line with a previous report that showed that patients after cardiac arrest have 
a relatively favorable-long term survival after discharge from hospital. (9).

Our study however could not confirm findings of previous observational studies(6), 
which found survival benefit at 1year for resuscitated patients without STEMI treated 
with immediate coronary angiography. This difference could be related to the observa-
tional design of these previous studies, resulting in the risk of potential selection bias 
by choosing patients with a presumed better prognosis for an immediate angiography 
strategy.

Our results are consistent with randomized trials addressing the role of immediate 
versus delayed coronary angiography in patients with myocardial infarction without ST-
segment elevation and who had not presented with cardiac arrest, which also showed 
no benefit of immediate angiography on long term survival(10-12).

The occurrence of myocardial infarction after index hospitalization was not significantly 
different and was low in both groups during the 1-year follow-up of our study. This low 
level can be the result of competing risks. After cardiac arrest resuscitation, patients 
have a high risk of death before hospital discharge and might, therefore, not survive 
long enough for heart failure or myocardial infarction to occur. Another explanation is 
that, although coronary artery disease was found in almost two-thirds of the patients in 
our study, most patients had stable coronary lesions, with thrombotic occlusions being 
encountered in only 5%of patients, which might translate to low risk of future coronary 
events.

Patients in the immediate group were more likely to receive PCI during the index hos-
pitalization than those in the delayed group, but this difference did not result in more 
PCI in the delayed group in the period following the index hospitalization. The rates of 
revascularization since the index hospitalization were low in both groups, which is likely 
related to the relatively stable nature of the atherosclerotic disease in this patient group 
as discussed above.

Hospitalization for heart failure occurred in similar low rates in the immediate and 
delayed group. Myocardial injury and infarct size have shown to be good predictors of 
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subsequent heart failure and long term outcome(13). In the COACT trial no significant 
difference was found in the levels of cardiac markers during the index hospitalization 
between the two treatment groups, which could explain the neutral outcome of the 
1-year results with regard to hospitalization for heart failure. Still, it is an unexpectedly 
low number, confirming the current improved clinical prognosis in patients who survive 
out-of-hospital cardiac arrest.

In the COACT study the rate of appropriate ICD shock did not differ between the two 
groups. Approximately 14 % of patients with an ICD in our trial received an appropriate 
shock in the first year of follow-up, which is in line with rates reported previously(14). 
This percentage reflects the high risk study population of survivors of cardiac arrest, 
but might be increased by the high prevalence of chronic total coronary artery occlu-
sions. Such chronic total occlusions are often accompanied by large areas of myocardial 
scar and ischemia(15) and have shown to increase the risk of ventricular tachycardia in 
patients with an ICD after cardiac arrest(16).

Our trial has several limitations. All of the outcomes in the 1-year analysis are explor-
atory, as the COACT trial was powered for the 90-day analysis of the primary end point. 
We acquired data only on patient screening during the final phase of the trial. Owing to 
the nature of the study, we could not blind physicians to the allocated treatment arm, 
which might have influenced subsequent treatment. Our results do not apply to patients 
with shock, severe renal dysfunction, or persistent ST-segment elevation since these 
conditions were excluded from our trial. No data on medical therapy during follow-up 
were available. In addition, because of withdrawal of consent, data on 5.4% of random-
ized patients could not be analyzed at 1 year.

ConClusIons

In this randomized clinical trial of patients who were successfully resuscitated from 
out-of-hospital cardiac arrest and without signs of STEMI, an immediate angiography 
strategy did not improve 1-year clinical outcomes compared with a delayed angiography 
strategy.
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suPPleMenTaRy daTa

Supplement to: Lemkes JS, Janssens GN, van der Hoeven NW, et al. Coronary Angiogra-
phy after cardiac arrest without ST segment elevation: One-year outcomes of the COACT 
Randomized clinical trial.

eappendix. detailed Trial Characteristics

The authors responsible for writing the protocol
Jorrit Lemkes, Heleen Oudemans-van Straaten and Niels van Royen.

Steering committee
Niels van Royen (Chair), Department of Cardiology, Amsterdam University Medical Centre 
location VUmc, Jorrit Lemkes, Department of Cardiology, Amsterdam University Medical 
Centre location VUmc, Heleen Oudemans-van Straaten, Department of Intensive care 
medicine, Amsterdam University Medical Centre location VUmc, Lucia Jewbali, Thorax-
center, Erasmus Medical center, Michiel Voskuil, Department of Cardiology, University 
Medical Centre Utrecht. Martijn Meuwissen, Department of Cardiology Amphia Hospital.

The trial statistician
Peter van de Ven

The data safety monitoring board

Freek Verheugt (Chair), OLVG, Eric Boersma (statistician), Thoraxcenter, Erasmus Medi-
cal center, Ruud Koster, Amsterdam University Medical Centre location AMC.
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List of participating centers
CoaCT Investigators Investigators centers no. of patients

Current: Jorrit Lemkes
Previous: Niels van Royen

Amsterdam University Medical Center, location 
VUmc, Amsterdam

105

Current: Lucia Jewbali
Previous: Koen Nieman

Erasmus Medical Center, Rotterdam 93

Martijn Meuwissen Amphia Hospital, Breda 48

Hans Bosker Rijnstate Hospital, Arnhem 39

Gabe Bleeker HAGA Hospital, Den Haag 36

George Vlachojannis Maasstad Hospital, Rotterdam 35

Pim van der Harst University Medical Center, Groningen 34

Michiel Voskuil University Medical Center, Utrecht 29

Bert Beishuizen Medisch Spectrum Twente, Enschede 28

Cyril Camaro Radboud University Medical Center, Nijmegen 23

José Henriques Amsterdam University Medical Center, location AMC, 
Amsterdam

16

Maarten Vink OLVG, Amsterdam 14

Ton Heestermans Noord West Ziekenhuisgroep, Alkmaar 13

Thijs Delnoij Maastricht University Medical Center, Maastricht 12

Gillian Jessurun Scheper Hospital, Emmen 10

Pranobe Oemrawsingh Haaglanden Medical Center, Den Haag 7

Marcel Gosselink Isala Hospital, Zwolle 5

Koos Plomp Ter Gooi Hospital, Blaricum 3

Michael Magro Elisabeth-Tweesteden Hospital, Tilburg 2

Inclusion criteria COACT Trial
• Age > 18 years
• Comatose patients (Glasgow coma score < 8) with return of spontaneous circulation 

after out-of-hospital cardiac arrest.
• Ventricular tachycardia or ventricular fibrillation as initial arrest rhythm. Including 

patients treated with an AED.

Abbreviations: AED: automatic external defibrillator.

Exclusion criteria COACT Trial
• Signs of STEMI on the ECG at the emergency department (including new LBBB or 

isolated ST depression in V1-V3 due to an true posterior infarct).
• Hemodynamic instability unresponsive to medical therapy. Defined as a prolonged 

(>30 min) systolic blood pressure <90 mmHg at the time of screening.
• An obvious or suspected non-coronary cause of the arrest.
• A known severe renal dysfunction (GFR<30 ml/min).
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• Obvious or suspected pregnancy.
• Suspected or confirmed acute intracranial bleeding.
• Suspected or confirmed acute stroke.
• Known limitations in therapy or DO Not Resuscitate-order.
• Known pre-arrest Cerebral Performance Category 3 or 4.
• >4 hours (from return of spontaneous circulation to screening).
• Refractory ventricular arrhythmia.
• Known inability to complete 90-day follow-up.

ECG: electrocardiogram, GFR: glomerular filtration rate, LBBB: left bundle branch block, 
STEMI: ST-segment elevation myocardial infarction,

Informed consent process
Patients screened for the trial were unconscious and unable to consent at the time of 
screening. Legal representatives were often not present and if present frequently in no 
mental state to make a well-considered decision about participating in the study. The 
study intervention regarded an emergency intervention that had to be applied without 
delay and fulfilled the ethical requirements of clinical equipoise. Therefore, the patient 
was informed about the study intervention if and when consciousness recovered. In 
case the patient did not recover and remained unable to communicate, we informed 
the legal representative about the study. At that time, consent for use of the study data 
(deferred consent) was asked. If the patient had died before consent was obtained, the 
study data was used and no consent was obtained from the legal representatives. The 
rationale for the latter is that the legal representatives have no say within Dutch legisla-
tion about clinical or study data of a deceased. Furthermore, possible refusal may have 
caused unwanted selection bias(17).

During the first phase of the inclusion period, patients consented to a follow up period 
up to 90 days. As the follow up period was extended to 5 years during the inclusion 
period of the study, an additional consent was asked (for the group patients who had 
consented earlier with the 90 day follow up).

Definition of unstable coronary lesion
All coronary lesions with a stenosis severity of ≥70% and the presence of characteristics 
of plaque disruption including lesion irregularity, dissection, haziness or thrombus 
defined by coronary angiography.
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Discontinuation of treatment
Patients after OHCA showing no neurological improvement after therapeutic tempera-
ture management and discontinuation of sedative medication due to postanoxic coma 
have a detrimental outcome. If clinical assessment, somatosensory-evoked potentials, 
and/or electroencephalography, performed 72 hours after the arrest and at least 24 hours 
after rewarming, predicts a poor outcome (defined as death or a persistent vegetative 
state), a multidisciplinary team may, in accordance with Dutch and European guide-
lines, decide to withdraw or limit life-sustaining treatment(18). If there is no consensus 
or uncertainty about potential recovery, the decision is postponed and the assessment 
is repeated at a later time.

Biomarker measurements
Venous blood samples for creatine kinase, creatine kinase-MB mass and troponin T or I 
determination were obtained at admission and at 3, 6, 12, 24, 36, 48 and 72 hours after 
admission. Creatinine and lactate were obtained at admission, at 24, 48, 72 hours, and 
at discharge on the ICU.

Outcome definitions

Death
Death of all cause.

Myocardial infarction:
The definition of myocardial infarction in the COACT trial is based on the universal 
definition of myocardial infarction(19) and is reported since the index hospitalization.

Repeat revascularization:
Any revascularization procedure (PCI or CABG) after the initial revascularization proce-
dure during the index hospitalization.

Additional statistical analysis
Continuous variables are summarized by mean and standard deviation if data were 
normal and median and interquartile range (IQR) otherwise. Normality was assessed 
visually by means of QQ-plots. Mean differences with 95% confidence intervals are 
presented for normally distributed end points and ratio of geometric means with 95% 
confidence intervals are presented for continuous outcomes that are not normally dis-
tributed. Dichotomous outcomes are summarized by frequencies and percentage with 
odds ratios reported as the effect size together with a 95% confidence interval.
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Time to death was visualized by means of Kaplan-Meier curves with the hazard ratio 
based on a Cox regression model reported as effect size.

A sensitivity analysis was performed to assess the robustness of the conclusions for 
the end point of survival to missingness due to drop out (lacking of informed consent). 
Two extreme settings were considered: a setting in which all 16 patients with missing 
survival data in the immediate group were assumed survivors and all 14 patients with 
missing survival data in the delayed group were assumed non-survivors and a setting in 
which all 16 patients with missing survival data in the immediate group were assumed 
non-survivors and all 14 patients with missing survival data in the delayed group were 
assumed survivors. Odds ratios with 95% confidence intervals and p-values for the chi-
square test were calculated for both these extreme settings.

 

eFigure 1. Screening sample 

 

 

 

 

 

efigure 1. screening sample
figure legend: The screening sample comprises screened OHCA patients and their exclusion reasons from the 1st of March 
until the end of the study (17th of July). During this period, all participating centers were enrolling patients.
Abbreviations: COACT, coronary angiography after cardiac arrest; ECG, electro cardiogram; GCS, Glasgow coma scale; 
OHCA, out of hospital cardiac arrest; ROSC, return of spontaneous circulation; STEMI, ST-segment elevated myocardial 
infarction; VF, ventricular fibrillation; VT, ventricular tachycardia.
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eTable 1. supplementary procedural and Treatment Characteristics
Variable Immediate angiography 

group
(n = 264)

delayed angiography 
group

(n = 258)

CAG access site - no./total no. (%)

 Femoral 153/256 (59.8) 45/166 (27.1)

 Radial 103/256 (40.2) 121/166 (72.9)

Location of acute unstable lesion - no./total no. (%)

 LM 1/33 (3.0) 1/27 (3.7)

 LAD 9/33 (27.3) 10/27 (37.0)

 RCX 15/33 (45.5) 11/27 (40.7)

 RCA 8/33 (24.2) 5/27 (18.5)

 Graft 0/33 (0.0) 0/27 (0.0)

Location acute thrombotic occlusion - no./total no. (%)

 LM 0/8 (0.0) 0/13 (0.0)

 LAD 0/8 (0.0) 4/13 (30.8)

 RCX 6/8 (75.0) 7/13 (53.8)

 RCA 2/8 (25.0) 2/13 (15.4)

 Graft 0/8 (0.0) 0/13 (0.0)

Aspiration thrombectomy - no./total no. (%) 5/256 (2.0) 1/167 (0.6)

Timing of PCI

 PCI performed during first CAG - no. (%) 61/86 (70.9) 49/63 (77.8)

 Staged PCI - no. (%) 19/86 (22.1) 14/63 (22.2)

 PCI both first CAG and staged - no. (%) 6/86 (7.0) 0/63 (0.0)

Treated coronary arteries by PCI - no./total no. (%)

 Left main 7/86 (8.1) 3/63 (4.8)

 LAD 39/86 (45.3) 33/63 (52.4)

 RCX 34/86 (39.5) 28/63 (44.4)

 RCA 25/86 (29.1) 19/63 (30.2)

 Graft 4/86 (4.7) 0/63 (0.0)

Median total number of stents (IQR) - no. 1 (1-2) 1 (1-2)

Stent type - no./total no. (%)

 Bare metal 1/75 (1.3) 1/57 (1.7)

 Drug-eluting 70/75 (92.1) 55/57 (93.2)

 Other 4/75 (5.3) 2/57 (3.4)

Median total stent length (IQR) - mm 30 (19-61) 24 (15-48)

Median time from randomization to CABG (IQR) - days 13.5 (10.5-23.4) 16.1 (14.0-19.3)

ICD implantation* - no. (%) 107 (40.5) 102 (39.5)

Intensive care support

Noradrenaline administration - no. (%) 231 (87.5) 225 (87.2)

Dobutamine administration - no. (%) 65 (24.6) 76 (29.5)
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eTable 1. supplementary procedural and Treatment Characteristics (continued)

Variable Immediate angiography 
group

(n = 264)

delayed angiography 
group

(n = 258)

Dopamine administration - no. (%) 11 (4.2) 17 (6.6)

Phosphodiesterase administration - no. (%) 20 (7.6) 24 (9.3)

Targeted temperature management - no. (%) 248 (93.9) 241 (93.4)

Median time to targeted temperature (IQR) - hr 5.5 (2.9-8.6) 4.7 (2.4-7.2)

Targeted temperature management goal - no./total 
no. (%)

 Hypothermia (30-35.9°C) 152/246 (61.8) 147/240 (61.3)

 Normothermia (36-37°C) 94/246 (38.2) 93/240 (38.8)

Targeted temperature management method - no. (%)

 Surface cooling device∞ 194/248 (78.2) 185/241 (76.8)

 Intravascular cooling device§ 54/248 (21.8) 56/241 (23.2)

Lowest temperature 33.7±1.5 33.7±1.5

Assist device used - no. (%) 9 (3.4) 6 (2.3)

Median duration of stay at ICU (IQR) - days 4 (2-6) 4 (2-6)

Medical treatment during hospitalization

Salicylates - no. (%) 201 (76.1) 225 (87.2)

P2Y12 inhibitor - no. (%) 152 (57.6) 184 (71.3)

 Ticagrelor - no./total no. (%) 94/263 (35.7) 104/257 (40.5)

 Prasugrel - no./total no. (%) 2/263 (0.8) 1/257 (0.4)

 Clopidogrel - no. (%) 57/263 (21.7) 81/257 (31.5)

Unfractionated heparin/LMWH - no. (%) 238 (90.2) 229 (88.8)

Bivalirudin - no. (%) 2 (0.8) 2 (0.8)

Glycoprotein IIb/IIIa inhibitor - no. (%) 17 (6.4) 7 (2.7)

Statins - no. (%) 167 (63.3) 178 (69.0)

Betablocker - no./total no. (%) 180/263 (68.4) 181/257 (70.4)

ACE-inhibitor/angiotensin II receptor blocker -no./total 
no. (%)

158/263 (60.1) 164/257 (63.8)

Amiodarone - no./total no. (%) 73/263 (27.8) 81/258 (31.4)

Median duration of hospitalization (IQR) - days 11 (5-20) 14 (6-22)

Abbreviations: ACE, angiotensin-converting-enzyme; CABG, coronary artery bypass graft; CAG, coronary angiography; 
ICD, implantable cardioverter defibrillator; ICU, intensive care unit; IQR, interquartile range; LAD; left anterior descend-
ing artery; LMWH, low molecular weight heparin; RCA, right coronary artery; RCX, right coronary circumflex; SD, standard 
deviation.
† 35 of these patients went for urgent intervention due to cardiac deterioration.
¥ Six of these patients went for urgent intervention due to cardiac deterioration.
* In the immediate angiography group at least three and in the delayed angiography group at least four patients already 
had an ICD before inclusion.
∞ Surface cooling devices included water circulating cooling blankets and gel-coated adhesive pads.
§ Intravascular cooling devices are endovascular cooling catheters.
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e Table 2. Reasons for crossover
study no. Randomized

strategy
Crossover to Comment

110098 Immediate invasive Delayed invasive Patient appeared to have hematoperitoneum

130021 Immediate invasive Delayed invasive After randomization patient appeared to have do-not-
resuscitate order

140025 Immediate invasive Delayed invasive Patient appeared to have subarachnoidal bleeding

150024 Immediate invasive Delayed invasive Splenic rupture became apparent

150054 Immediate invasive Delayed invasive Congenital heart disease emerged as suspected cause 
of cardiac arrest

150062 Immediate invasive Delayed invasive Aorta dissection emerged as suspected cause of cardiac 
arrest

150093 Immediate invasive Delayed invasive Patient appeared to have epidural hematoma

160010 Immediate invasive Delayed invasive Logistical reasons

160016 Immediate invasive Delayed invasive Logistical reasons

230036 Immediate invasive Delayed invasive No significant abnormalities on recent coronary 
angiography

250001 Immediate invasive Delayed invasive High bleeding risk

250008 Immediate invasive Delayed invasive Logistical reasons

120005 Delayed invasive Immediate invasive Logistical reasons

150017 Delayed invasive Immediate invasive Human error

160023 Delayed invasive Immediate invasive Reason unknown

eTable 3. urgent CaG in patients from the delayed invasive strategy
no. of patients Comment

8 Recurrent ventricular arrhythmia, unresponsive to medical therapy

13 STEMI

1 Cardiogenic shock

13 Other reason

Abbreviations: STEMI, ST segment elevation myocardial infarction.

eTable 4. Reasons for withdrawal of life-sustaining treatment
outcome Immediate 

angiography Group 
(n=76)

delayed angiography 
Group (n=69)

P Value

Reason withdrawal of life-sustaining 
treatment – no./total no. (%)

0.09

 Brain death 12 (15.8) 9 (13.0)

 Neurological reasons* 44 (57.9) 40 (58.0)

 Multi organ failure 12 (15.8) 14 (20.3)

 Comorbidity 0 (0.0) 4 (5.8)

 Other reasons 8 (10.5) 2 (2.9)

* Neurologic reasons is severe brain damage with persistent coma.
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e Table 5. sensitivity analysis of survival at 1 year
survival at 1 year – no./total no. (%) Immediate 

Invasive Group 
(n=280)

delayed 
Invasive Group 

(n=272)

odds ratio
(95% CI)

P Value*

Missing immediate ‘yes’,
missing delayed ‘no’

178 (63.6) 165 (61.0) 1.13 (0.79-1.60) 0.48

Missing immediate ‘no’,
missing delayed ‘yes’

162 (57.9) 179 (65.8) 0.71 (0.51-1.01) 0.055

* The delayed invasive group is used as the reference group for odds ratios and mean differences.

eTable 6 Rand-36 Questionnaire
Patient reported measures Immediate angiography group

(n = 119)
delayed angiography group

(n = 116)

RAND-36® PCS - Median (IQR) 49.2 (42.2-55.3) 50.4 (44.9-55.2)

RAND-36® MCS - Median (IQR) 51.3 (42.4-56.4) 50.0 (42.8-56.2)

RAND-36®, Health insurance study questionnaire. Abbreviations: PCS, Physical component summary score; MCS, Mental 
component summary score

 

 

  
efigure 2.
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absTRaCT

background
The effect of immediate coronary angiography and percutaneous coronary intervention 
(PCI) in patients who are successfully resuscitated after cardiac arrest in the absence 
of ST-segment elevation myocardial infarction (STEMI) on left ventricular function is 
currently unknown.

Methods
This prespecified sub-study of a multicentre trial evaluated 552 patients, successfully 
resuscitated from out-of-hospital cardiac arrest without signs of STEMI. Patients were 
randomized to either undergo immediate coronary angiography or delayed coronary 
angiography, after neurologic recovery. All patients underwent PCI if indicated. The main 
outcomes of this analysis were left ventricular ejection fraction and end-diastolic and 
systolic volumes assessed by cardiac magnetic resonance imaging or echocardiography.

Results
Data on left ventricular function was available for 397 patients. The mean (± standard 
deviation) left ventricular ejection fraction was 45.2% (±12.8) in the immediate angiogra-
phy group and 48.4% (±13.2) in the delayed angiography group (mean difference: -3.19; 
95% confidence interval [CI], -6.75 to 0.37). Median left ventricular end-diastolic volume 
was 177 ml in the immediate angiography group compared to 169 ml in the delayed 
angiography group (ratio of geometric means: 1.06; 95% CI, 0.95 to 1.19). In addition, 
mean left ventricular end-systolic volume was 90 ml in the immediate angiography 
group compared to 78 ml in the delayed angiography group (ratio of geometric means: 
1.13; 95% CI 0.97 to 1.32).

Conclusion
In patients successfully resuscitated after out-of-hospital cardiac arrest and without 
signs of STEMI, immediate coronary angiography was not found to improve left ventricu-
lar dimensions or function compared with a delayed angiography strategy.

Clinical Trial Registration:
Netherlands Trial Register number, NTR4973
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InTRoduCTIon

Out-of-hospital cardiac arrest is a leading cause of mortality and morbidity in Europe and 
the United States. Even if there is restoration of spontaneous circulation in patients after 
cardiac arrest, the outcome remains poor. A previous study reported that approximately 
40% of patients successfully resuscitated from cardiac arrest associated with ventricular 
fibrillation or pulseless ventricular tachycardia do not survive (1).

The aetiology of cardiac arrest is diverse however, the most common cause is ischemic 
heart disease. Studies have reported coronary artery disease in up to 70% of patients 
who underwent immediate coronary angiography after out-of-hospital cardiac arrest 
(2). If myocardial infarction is the cause of the arrest, immediate coronary angiography 
and percutaneous coronary intervention (PCI) might salvage myocardium and prevent 
the loss of cardiac function and by doing so, improve outcome. For this reason, current 
European and American guidelines recommend immediate coronary angiography and 
PCI in patients who present with ST-segment elevation myocardial infarction (STEMI) 
and cardiac arrest (3, 4).

However, the role of immediate coronary angiography in patients with cardiac arrest 
who do not have ST-segment elevation on electrocardiography (ECG), is less clear. The 
Coronary Angiography After Cardiac Arrest (COACT) trial was designed to test the hypoth-
esis that, in patients successfully resuscitated after cardiac arrest without ST-segment 
elevation, a strategy of immediate coronary angiography and PCI if necessary, results 
in better survival compared to a strategy of delayed angiography. However, no differ-
ence in 90-day or one-year survival was found between the two treatment groups (5, 6). 
Nevertheless even in the absence of ST-segment elevation, the cause of the arrest can 
be an acute coronary syndrome and if this is the result of an acutely occluded coronary 
artery, an immediate PCI may limit myocardial infarction and preserve left ventricular 
function, leading to less morbidity and improved long-term survival.

The aim of this prespecified sub-study of the COACT trial is to evaluate the effect of a 
strategy of immediate coronary angiography (and PCI if necessary) in patients success-
fully resuscitated from cardiac arrest without STEMI on left ventricular function.
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MeThods

study design and oversight
The COACT trial was an investigator-initiated, randomized, open-label, multicentre 
trial comparing immediate coronary angiography with delayed coronary angiography in 
patients successfully resuscitated from cardiac arrest without ST-segment elevation on 
the ECG. The trial design has been published previously (7). The protocol was designed 
by the principal authors and was approved by the steering committee (Supplementary 
Appendix) and all relevant ethics committees. The study complied with the Declaration 
of Helsinki.

A clinical research organization (Clinical Research Unit Cardiology VUmc) was respon-
sible for maintaining and monitoring the patient data. A data and safety monitoring 
committee oversaw the trial. The statistician vouches for the accuracy of the statistical 
analyses.

Patients
Patients were eligible for the study if they had an out-of-hospital cardiac arrest with an 
initial shockable rhythm, and were unconscious after the return of spontaneous circula-
tion. Patients were excluded if they had signs of STEMI on the ECG in the emergency 
department, shock, or an obvious non-coronary cause of the arrest. Further inclusion 
and exclusion criteria and definitions are listed in the Supplemental Appendix. For all 
enrolled patients, deferred informed consent was obtained with the use of a prespeci-
fied procedure (Supplementary Appendix).

For the present sub-study, patients were included from the COACT trial when cardiac 
magnetic resonance imaging (CMR) or echocardiography images during index hospital-
ization was available.

Randomization and treatment
Patients eligible for the COACT trial were randomized in a 1:1 ratio to either an immedi-
ate or a delayed coronary angiography using a Web-based randomization system (Cas-
tor EDC). In patients allocated to the immediate coronary angiography group, coronary 
angiography was performed as soon as possible and was initiated within two hours 
after randomization. In the delayed coronary angiography group, coronary angiography 
was performed after neurological recovery and in general, following discharge from the 
intensive care unit. If a patient initially allocated to the delayed coronary angiography 
group showed signs of cardiogenic shock, recurrent life-threatening arrhythmias, or 
recurrent ischemia during hospitalization, urgent coronary angiography was performed.
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The choice of anticoagulant and revascularization strategy was left to the discretion 
of the treating physicians, though it was recommended to treat all coronary lesions 
suspected of being unstable.

Further post-resuscitation care was in line with the resuscitation guidelines (8).

Imaging
The outcomes of this study were left ventricular function and left ventricular end-diastolic 
and systolic volumes. These were preferably assessed by Cardiac Magnetic Resonance 
(CMR) or in the absence of assessable CMR imaging, by echocardiography during index 
hospitalization. In case more than one echocardiogram was available, images with the 
highest quality were used. Left ventricular function was represented as ejection fraction 
in percentage and was further classified as either severely abnormal <30%, moderately 
abnormal 30-40%, mildly abnormal 41-52% or normal ≥53% (9).

For CMR evaluation, commercially available software (CMR42; Circle Cardiovascular 
Imaging Inc., Calgary, Canada) was used to assess left ventricular volumes and function, 
using the short-axis cine images stack. CMR images were not assessable, if short-axis 
cine images were absent or the quality of imaging was poor.

For echocardiographic evaluation, Xcelera R4.1 (Philips Medical Systems) was used. If a 
transthoracic echocardiogram was not available, a transoesophageal echocardiogram 
was used. Left ventricular ejection fraction was measured using the Modified Simpson 
method (a two-dimensional measurement strategy). In case the Modified Simpson 
method could not be used, left ventricular function was estimated visually, following the 
established ranges of left ventricular function as mentioned above. Echocardiographic 
images were not assessable, if short-axis, two, three and four- chamber view images 
were absent.

Two independent blinded experts assessed the outcomes of interest. In case of a dis-
crepancy between the assessors, a third blinded expert accounted for evaluating the 
results.

statistical analysis
This sub-study was powered for the quantitative ejection fraction determined by cine 
short-axis and biplane. Standard deviations of left ventricular ejection fraction reported 
in previous observational studies ranged from 15% to 20% (10-12). The number of 206 
patients (105 in the immediate and 101 in the delayed group) in this sub-study for which 
left ventricular ejection fraction obtained by CMR or echocardiography using the Modi-
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fied Simpson method was available allows detection of an absolute mean differences 
in left ventricular ejection fraction between the immediate and delayed group of 5.8% 
and 7.8% with 80% power when standard deviation is 14% and 20%, respectively. Power 
calculation assumes comparison with an independent samples t-test and a two-sided 
significance level of 5%.

All analyses were performed according to the intention-to-treat principle. Categorical 
variables were reported as frequency with percentage. Continuous variables that were 
normally distributed, were reported as mean ± standard deviation (SD). Continuous 
variables that were not normally distributed, were reported as median and interquartile 
range (IQR). Effect sizes with 95% confidence intervals (CIs) are reported for the clinical 
outcomes, rather than P values, as all analyses presented are for secondary endpoints. 
Mean differences with 95% CIs are presented for normally distributed endpoints and the 
ratio of geometric means with 95% CIs are presented for continuous outcomes that are 
not normally distributed. Odds ratios are reported for categorical outcomes. The delayed 
strategy group was used as the reference group when calculating the effect sizes. Data 
was analysed with the Statistical Package for Social Sciences (SPSS) statistics, version 26 
software (IBM Corporation Armonk, NY, USA).

ResulTs

Patients
Between January 2015 and July 2018, 552 patients successfully resuscitated from car-
diac arrest and without ST-segment elevation on ECG were enrolled in the trial at 19 
participating Dutch centres (Figure 1). Screening data were available during the final 
period of inclusion, when all centres were enrolling patients (Supplementary Appendix 
Figure 1). After excluding patients for whom informed consent was retrospectively re-
fused, data was available in 538 patients (97.5%). In addition 141 patients were excluded 
because imaging was not available or assessable, leaving 397 patients (73.8%) in which 
left ventricular function and dimensions could be assessed; 202 of these patients had 
been assigned to the immediate angiography group and 195 to the delayed angiogra-
phy group. The most frequent reason for not having imaging available was because the 
patient deceased before such imaging was performed. This occurred in 70.9% of cases.

Further baseline characteristics are shown in Table 1. The mean (± SD) age was 63.7 
±12.8 years and 80.3% of patients were men. The baseline characteristics from patients 
in this cohort did not differ from the baseline characteristics from all patients included 
in the COACT study.
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Treatment
Procedural and treatment characteristics are shown in Table 2 and supplementary Ap-
pendix Table S1. Coronary angiography was performed in 200 patients (99.0%) in the 
immediate angiography group and 150 patients (76.9%) in the delayed angiography 
group. The median time from randomization to coronary angiography was 0.8 hours 
in the immediate angiography group and 137 hours in the delayed angiography group. 
In both groups, the coronary angiogram showed an acute unstable lesion in 14.0% of 
patients. An acute thrombotic occlusion was found in 3.0% of patients in the immediate 
angiography group and 6.7% of patients in the delayed angiography group. A chronic 
total occlusion in one of the coronary arteries was found in 34.0% of patients in both 
the immediate and the delayed angiography groups. The rate of PCI was 36.6% in the 

 

 

figure 1. study flowchart.
OHCA, Out-of-hospital Cardiac arrest; ROSC, Restore of spontaneous circulation; MRI, Magnetic resonance imaging
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immediate angiography group and 27.2% in the delayed angiography group. Coronary 
Artery Bypass Grafting (CABG) was performed in 6.9% of patients in the immediate 
angiography group and 10.3% of patients in the delayed angiography group. Patients al-
located to the immediate angiography were more often treated with a glycoprotein IIb/
IIIa inhibitor, while patients allocated to the delayed coronary angiography were more 
likely to be treated with salicylates and/or a P2Y12 inhibitor.

Table 1: baseline characteristics of the patients

Characteristic
Immediate angiography 

group (N=202)
Delayed angiography 

group (N=195)

Age — yr, mean ± SD 63.7 ± 12.8 63.7 ± 12.8

Male sex — no. 168 (83.2) 151 (77.4)

Hypertension — no./total no. 96/201 (47.8) 90/195 (46.2)

Previous myocardial infarction — no. 51 (25.2) 46 (23.6)

Previous CABG — no./total no. 31/201 (15.4) 17/195 (8.7)

Previous PCI — no./total no. 31/201 (15.4) 36/194 (18.6)

Previous coronary artery disease — no. 69 (34.2) 60 (30.8)

Previous cerebrovascular accident — no./total 11/201 (5.5) 9/195 (4.6)

Diabetes mellitus — no./total no. 35/201 (17.4) 30/195 (15.4)

Current smoker — no./total no. 39/190 (20.5) 49/185 (26.5)

Hypercholesterolemia — no./total no. 53/201 (26.4) 50/194 (25.8)

Peripheral artery disease — no./total no. 10/201 (5.0) 15/195 (7.7)

Arrest witnessed — no. 168 (83.2) 146 (74.9)

Median time from arrest to basic life support (IQR) — min 2 (0 - 4) 2 (0 - 4)

Median time from arrest to return of spontaneous 
circulation (IQR) — min

15 (9 - 21) 12 (5.5 - 18.5)

Signs of ischemia on ECG1 121/193 (62.7) 127/183 (69.4)

GCS score at admission, median (IQR)2 3 (3-3) 3 (3-3)

APACHE IV score, mean ± SD3 106 ± 28 103 ± 32

Baseline laboratory values

pH, mean (SD) 7.22 ± 0.13 7.23 ± 0.13

Lactate, median (IQR), mmol/liter 5.2 (3.1-8.8) 4.7 (2.7-7.4)

Bicarbonate, mean (SD), mmol/liter 19.3 ± 4.2 19.3 ± 4.3

Partial pressure of oxygen, median (IQR),kPa 15.0 (9.2-26.9) 15.3 (10.5-24.4)

Creatinine, median (IQR), µmol/liter 101 (90-118) 100 (85-113)

Creatine kinase, median (IQR),U/liter 166 (121-266) 163 (118-251)

Creatine kinase MB, median (IQR), µmol/liter 6.0 (4.0-11.3) 6.5 (3.9-20.2)

Troponin T, median (IQR), µmol/liter 0.043 (0.028-0.094) 0.055 (0.026-0.112)

Abbreviations: CABG, coronary-artery bypass grafting; PCI, percutaneous coronary intervention. Data is reported as mean 
± standard deviation; no. (%); median IQR, interquartile range (25th percentile- 75 th percentile).
1 Signs of ischemia on electrocardiography (ECG) are defined as depressions of 1 mm or more in two contiguous leads or 
T-wave inversion in two contiguous leads, or both.
2 GCS scores range from 3 to 15, with lower scores indicating a reduced level of consciousness.
3 APACHE IV scores range from 0 to 286, with higher scores indicating a higher risk of death
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Table 2: Procedures, characteristics of coronary artery disease and treatments

Variable
Immediate angiography 

group (N=202)
Delayed angiography 

group (N=195)

Coronary angiography performed — no. 200 (99.0) 149 (76.4)

Median time from arrest to coronary angiography (IQR) — hr 2 (1.7 - 2.9) 135 (59.7 - 210.3)

Median time from randomization to coronary angiography 
(IQR) — hr

0.8 (0.5 - 1.2) 137 (55.7 - 219.2)

Severity of coronary artery disease — no./total no.

Non-significant coronary stenosis 77/200 (38.5) 55/149 (36.9)

One-vessel disease 54/200 (27.0) 42/149 (28.2)

Two-vessel disease 43/200 (21.5) 27/149 (18.1)

Three-vessel disease 26/200 (13.0) 25/149 (16.8)

Acute unstable lesion 28/200 (14.0) 21/149 (14.1)

Acute thrombotic occlusion 7/200 (3.5) 10/149 (6.7)

Chronic total occlusion 68/200 (34.0) 50/149 (33.6)

Revascularization treatment — no.

CABG 14 (6.9) 20 (10.3)

PCI 74 (36.6) 53 (27.2)

Conservative treatment 116 (57.4) 122 (62.6)

Timing of PCI — no./total no.

PCI during index coronary angiography 52/74 (70.3) 42/53 (79.2)

Staged PCI 17/74 (23.0) 11/53 (20.8)

PCI both during index coronary angiography and staged 5/74 (6.8) 0/53 (0.0)

Critical care support

TTM — no. 192 (95.0) 182 (93.3)

Time to target temperature — hr 5.5 (2.7 - 8.4) 4.7 (2.2 - 7.2)

Mechanical ventilation support — no. 193 (95.5) 184 (94.4)

Inotropic or catecholamine support — no.

Noradrenaline 174 (86.1) 166 (85.1)

Dopamine 8 (4.0) 14 (7.2)

Dobutamine 49 (24.3) 55 (28.2)

Phosphodiesterase administration 17 (8.4) 18 (9.2)

Drug therapy during hospitalization — no.

Salicylates 152 (75.2) 169 (86.7)

P2Y12 inhibitor 122 (60.4) 138 (70.8)

Unfractionated heparin/LMWH 187 (92.6) 174 (89.2)

Glycoprotein IIb/IIIa inhibitor 14 (6.9) 7 (3.6)

Bivalirudin 2 (1.0) 1 (0.5)

Betablocker 150 (74.3) 157 (80.5)

ACE-inhibitor or angiotensin II receptor blocker 137 (67.8) 139 (71.3)

Amiodarone 58 (28.7) 55 (28.2)

Abbreviations coronary-artery bypass grafting; PCI, percutaneous coronary intervention; TTM, targeted temperature man-
agement; LMWH, low-molecular-weight heparin, ACE, angiotensin-converting-enzyme.
Data is reported as mean ± standard deviation; no. (%); median IQR, interquartile range (25th percentile – 75th percentile).
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Over 90% of patients in each group were treated with targeted temperature manage-
ment (TTM) and mechanical ventilation. Time to target temperature for those receiving 
this treatment was 5.5 hours in the immediate angiography group and 4.7 hours in the 
delayed angiography group.

left ventricular function
Left ventricular ejection fraction was obtained in 206 patients (51.9%) In 130 (32.7%) 
patients this was assessed by CMR and in 76 (19.1%) by echocardiography using biplane 
mode. Left ventricular function classified in ranges was gathered in all 397 patients 
(100%). The median time from arrest to assessment of the left ventricular function was 5 
(1-9) days for patients in the immediate angiography group and 5 (1-10) days for patients 
in the delayed angiography group.

Echocardiographic and CMR outcomes are reported in Table 3 and Figure 2. The mean 
(±SD) left ventricular ejection fraction was 45.2% (±12.8) in the immediate angiography 
group and 48.4% (±13.2) in the delayed angiography group (mean difference: -3.19; 95% 
CI -6.75 to 0.37). Furthermore, no difference was found with respect to the left ventricular 
function, classified in ranges, between the two treatment groups. Left ventricular func-
tion was normal (EF ≥53%) in 28.7% of patients in the immediate group and in 34.9% in 
the delayed group. Left ventricular function was mildly abnormal (EF 41-52% ) in 30.2% 
of patients in the immediate group compared to 28.7% in the delayed group. The odds 
ratio for mildly abnormal ventricular function relative to normal functioning was 1.28 
(95% CI 0.77 to 2.12). Left ventricular function was moderately abnormal (EF 30-40%) 
in 22.8% of patients in the immediate group compared to 17.9% in the delayed group. 
The odds ratio for moderate abnormal function relative to normal functioning was 1.54 
(95% CI 0.88 to 2.70). Finally, left ventricular function was severely abnormal (EF<30%) 
in 18.3% of patients in the immediate group compared to 18.5% in the delayed group 
with the odds ratio for severely abnormal functioning relative to normal functioning 
being 1.21 (95% CI 0.68 to 2.15). Proportion of patients on inotropic medications at the 
time of imaging are reported in Table S2.

left ventricular dimensions
Median left ventricular end-diastolic volume was 177 ml (geometric mean: 173ml) in 
the immediate angiography group compared to 169 ml (geometric mean: 163 ml) in the 
delayed angiography group (ratio of geometric means: 1.06; 95% CI, 0.95 to 1.19). Mean 
left ventricular end-systolic volume was 90 ml (geometric mean: 93 ml) in the immediate 
angiography group compared to 78 ml (geometric mean: 82 ml) in the delayed angiogra-
phy group (ratio of geometric means: 1.13; 95% CI 0.97 to 1.32).
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Figure 2. Left ventricular function in ranges in patients with OHCA without STEMI 

 

 

 

 

 

 

 

 

figure 2. left  ventricular function in ranges in patients with ohCa without sTeMI
OHCA, Out-of-hospital Cardiac arrest; STEMI, ST-elevation myocardial infarction

Table 3: Clinical outcomes imaging

Outcomes
Immediate 

angiography 
group (N=202)

Delayed 
angiography 

group (N=195)

Eff ect size†
(95%CI)

Mean left  ventricular ejection fraction — %* 45.2 ± 12.8 48.4 ± 13.2 -3.19 (-6.75 to 0.37)

Left  ventricular function ranges — no. (%)

 Severely abnormal — <30% 37 (18.3) 36 (18.5) 1.21 (0.68 to 2.15)

 Moderately abnormal — 30-40% 46 (22.8) 35 (17.9) 1.54 (0.88 to 2.70)

 Mildly abnormal — 41-52% 61 (30.2) 56 (28.7) 1.28 (0.77 to 2.12)

 Normal — ≥53% 58 (28.7) 68 (34.9) ¥

Median left  ventricular end-diastolic volume — ml

Median (IQR) 177 (130 to 239) 169 (120 to 215)

Geometric mean (95% CI) 173 (160 to 188) 163 (151 to 176) 1.06 (0.95 to 1.19)

Median left  ventricular end-systolic volume — ml

Median (IQR) 90 (58 to 140) 78 (58 to 120)

Geometric mean (95% CI) 93 (83 to 103) 82 (74 to 91) 1.13 (0.97 to 1.32)

*Analysis done with patients of whom left  ventricular ejection fraction was assessable by cine short-axis or biplane; im-
mediate group N=105, delayed group N=101.
† The eff ect size is the ratio of geometric means for the left  ventricular end-systolic and end-diastolic volumes. The delayed 
angiography group is used as the reference group for odds ratios and mean diff erences.
¥ Normal left  ventricular function was used as the reference category.
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dIsCussIon

The COACT trial compared immediate coronary angiography with delayed coronary angi-
ography in patients successfully resuscitated from out-of-hospital cardiac arrest without 
ST-segment elevation on the ECG and in the absence of an obvious non-coronary cause 
of the arrest. In the COACT trial, 90-day and one-year survival did not differ significantly 
between the two treatment strategies (5, 6). We found no significant difference in left 
ventricular ejection fraction between the immediate and delayed groups in the analysis 
reported here. Furthermore, we observed no significant difference in left ventricular 
end-diastolic volume, left ventricular end-systolic volume and left ventricular function, 
classified in ranges, between the two treatment groups.

These findings are consistent with the previous observation that myocardial injury 
quantified as area’s under the curve of troponin, creatine kinase and creatine kinase MB 
levels did not differ between the two treatment groups in the COACT study (5).

Our findings are further in line with previous observational studies that found no dif-
ference in left ventricular function between post-cardiac arrest patients treated with 
immediate coronary angiography and those treated with delayed coronary angiography 
(11, 13). In the COACT trial the mean left ventricular ejection fraction was 46.7%, similar 
to the 47.0% reported by Garcia et al (11).

The recently published PEARL trial, a small randomized pilot study of 99 patients, found 
no difference in the rates of a normal wall motion score index or left ventricular ejection 
fraction ≥50% on echocardiogram, between post-cardiac arrest patients treated with 
early coronary angiography versus no early coronary angiography. However, the PEARL 
study did not report on the mean left ventricular ejection fraction and the study was 
terminated prematurely due to slow recruitment (14).

The majority of patients in our study had a normal or mildly abnormal left ventricular 
function. This might explain the previous reported low rates of hospitalization due to 
heart failure at one year of 0.8% in the immediate coronary angiography group and 0.4% 
in the delayed coronary angiography group (6). As well as the low rates of mortality 
between 90 days and one year of 3.0% in the immediate coronary angiography group 
and 3.5% in the delayed coronary angiography group (6). Seeing that an earlier reported 
study found increased mortality rates in patients who survived out-of-hospital cardiac 
arrest with left ventricular dysfunction, while patients with a normal left ventricular 
function showed long-term survival rates similar to that of the general healthy popula-
tion (15).



169

The effect of immediate coronary angiography after cardiac arrest without ST-segment elevation on LVF

The comparable left ventricular function between the two treatment groups is also in 
line with the similar rates of ICD shocks at one year in the COACT trial reported before 
(6), since left ventricular function is found to be an independent predictor of the reoccur-
rence of ventricular arrhythmias in recipients of an ICD for secondary prevention (16).

In addition, our results are also consistent with the LIPSIA-NSTEMI trial. This randomized 
study addressed the role of immediate versus delayed coronary angiography in patients 
with myocardial infarction without ST-segment elevation and who had not presented 
with cardiac arrest and also found no difference in left ventricular function between the 
two treatment strategies. The left ventricular ejection fraction was 55% in both groups 
in this study (17).

An important explanation for the lack of benefit of immediate coronary intervention on 
left ventricular function might be that although coronary artery disease was found in 
62.2% of patients who underwent coronary angiography, most patients had stable coro-
nary artery disease. Lesions that require immediate PCI to prevent loss of myocardium 
were encountered in a minority of patients, with only 5% of patients having an acute 
thrombotic occlusion.

In the COACT trial, patients assigned to the immediate coronary angiography group 
reached their target temperature later than patients in the delayed coronary angiogra-
phy group. And although the role of TTM as means of protecting left ventricular function 
after cardiac arrest is still a matter of debate, while studies have shown conflicting 
outcomes (18-20), one could argue that a later achievement of target temperature might 
have attenuated any potential benefit gained from immediate coronary angiography.

Our study has several limitations. First, left ventricular function could be evaluated 
in only 73.8% of patients. The most frequent reason for not assessing left ventricular 
function being that the patient deceased before such evaluation was performed. This 
may result in potential selection bias for survivors. Second, the timing of imaging was 
not fixed in the protocol. Left ventricular function was assessed at a median of 5 days 
after the arrest in both groups which is relatively early as cardiac stunning may play a 
role in these patients and left ventricular function may improve over time. Third, these 
results do not apply to patients with shock, severe renal dysfunction, or persistent ST-
segment elevation since patients with these conditions were excluded from the COACT 
trial. Fourth, left ventricular function prior to arrest was not available. Finally, all the 
left ventricular function outcomes should be considered exploratory as the COACT study 
was powered for the analysis of the primary endpoint of survival at 90-days.
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In conclusion, in this randomized, multicentre trial of patients who were successfully re-
suscitated from out-of-hospital cardiac arrest and without signs of STEMI, an immediate 
angiography strategy did not improve left ventricular dimensions or function compared 
with a delayed angiography strategy.
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Niels van Royen (Chair), Department of Cardiology, Amsterdam University Medical Centre 
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medicine, Amsterdam University Medical Centre location VUmc, Lucia Jewbali, Thorax-
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Medical Centre Utrecht. Martijn Meuwissen, Department of Cardiology Amphia Hospital.
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Peter van de Ven

5. The data safety monitoring board
Freek Verheugt (Chair), OLVG, Eric Boersma (statistician), Thoraxcentre, Erasmus Medi-
cal Centre, Ruud Koster, Amsterdam University Medical Centre location AMC.
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6. list of participating centres
CoaCT Investigators Investigators centres no. of patients

Current: Jorrit Lemkes
Previous: Niels van Royen

Amsterdam University Medical Centre, location 
VUmc, Amsterdam

105

Current: Lucia Jewbali
Previous: Koen Nieman

Erasmus Medical Centre, Rotterdam 93

Martijn Meuwissen Amphia Hospital, Breda 48

Hans Bosker Rijnstate Hospital, Arnhem 39

Gabe Bleeker HAGA Hospital, Den Haag 36

George Vlachojannis Maasstad Hospital, Rotterdam 35

Pim van der Harst University Medical Centre, Groningen 34

Michiel Voskuil University Medical Centre, Utrecht 29

Bert Beishuizen Medisch Spectrum Twente, Enschede 28

Cyril Camaro Radboud University Medical Centre, Nijmegen 23

José Henriques Amsterdam University Medical Centre, location AMC, 
Amsterdam

16

Maarten Vink OLVG, Amsterdam 14

Ton Heestermans Noord West Ziekenhuisgroep, Alkmaar 13

Thijs Delnoij Maastricht University Medical Centre, Maastricht 12

Gillian Jessurun Scheper Hospital, Emmen 10

Pranobe Oemrawsingh Haaglanden Medical Centre, Den Haag 7

Marcel Gosselink Isala Hospital, Zwolle 5

Koos Plomp Tergooi Hospital, Blaricum 3

Michael Magro Elisabeth-Tweesteden Hospital, Tilburg 2

7. Inclusion and exclusion criteria

Inclusion criteria COACT Trial
• Age > 18 years
• Comatose patients (Glasgow coma score < 8) with return of spontaneous circulation 

after out-of-hospital cardiac arrest.
• Ventricular tachycardia or ventricular fibrillation as initial arrest rhythm. Including 

patients treated with an AED.
Abbreviations: AED: automatic external defibrillator.

Exclusion criteria COACT Trial
• Signs of STEMI on the ECG at the emergency department (including new LBBB or 

isolated ST depression in V1-V3 due to an true posterior infarct).
• Hemodynamic instability unresponsive to medical therapy. Defined as a prolonged 

(>30 min) systolic blood pressure <90 mmHg at the time of screening.
• An obvious or suspected non-coronary cause of the arrest.
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• A known severe renal dysfunction (GFR<30 ml/min).
• Obvious or suspected pregnancy.
• Suspected or confirmed acute intracranial bleeding.
• Suspected or confirmed acute stroke.
• Known limitations in therapy or DO Not Resuscitate-order.
• Known pre-arrest Cerebral Performance Category 3 or 4.
• >4 hours (from return of spontaneous circulation to screening).
• Refractory ventricular arrhythmia.
• Known inability to complete 90-day follow-up.
ECG: electrocardiogram, GFR: glomerular filtration rate, LBBB: left bundle branch block, 
STEMI: ST-segment elevation myocardial infarction,

8. Informed consent process
Patients screened for the trial were unconscious and unable to consent at the time of 
screening. Legal representatives were often not present and if present frequently in no 
mental state to make a well-considered decision about participating in the study. The 
study intervention regarded an emergency intervention that had to be applied without 
delay and fulfilled the ethical requirements of clinical equipoise. Therefore, the patient 
was informed about the study intervention if and when consciousness recovered. In 
case the patient did not recover and remained unable to communicate, we informed 
the legal representative about the study. At that time, consent for use of the study data 
(deferred consent) was asked. If the patient had died before consent was obtained, the 
study data was used and no consent was obtained from the legal representatives. The 
rationale for the latter is that the legal representatives have no say within Dutch legisla-
tion about clinical or study data of a deceased. Furthermore, possible refusal may have 
caused unwanted selection bias (1).

9. definition of unstable coronary lesion
All coronary lesions with a stenosis severity of ≥70% and the presence of characteristics 
of plaque disruption including lesion irregularity, dissection, haziness or thrombus 
defined by coronary angiography.
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10. figure s1. screening sample

11. Table s1. Vessel with an acute thrombotic occlusion.

12. Table s2. Proportion of patients on inotropic medications at the time 
of imaging.

13. References
 1. Kompanje EJO, Jansen TC, Le Noble JLML, de Geus HR, Bakker J. [Deferred consent for inclu-

sion of patients unable to give their consent in studies in the field of emergency medicine]. Ned 
Tijdschr Geneeskd. 2008;152(38):2057-61. 

 

 

 
figure legend: The screening sample comprises screened OHCA patients and their exclusion reasons from the 1st of March 
until the end of the study (17th of July). During this period, all participating centers were enrolling patients.
Abbreviations: COACT, coronary angiography after cardiac arrest; ECG, electro cardiogram; GCS, Glasgow coma scale; 
OHCA, out of hospital cardiac arrest; ROSC, return of spontaneous circulation; STEMI, ST-segment elevated myocardial 
infarction; VF, ventricular fibrillation; VT, ventricular tachycardia.

Immediate angiography group (n=202) delayed angiography group (n=195)

LM 0/200 (0.0) 0/149 (0.0)

LAD 0/200 (0.0) 2/149 (1.3)

LCX 4/200 (2.0) 6/149 (4.0)

RCA 3/200 (1.5) 2/149 (1.3)

Graft 0 (0.0) 0 (0.0)

Immediate angiography group (n=202) delayed angiography group (n=195)

Noradrenaline 30 (14.9) 34 (17.4)

Dobutamine 5 (2.5) 10 (5.1)

Dopamine 0 (0.0) 1 (0.5)

Proportion are reported as numbers and percentages.







9
sex differences in patients with out-
of-hospital cardiac arrest without 
sT-segment elevation: a CoaCT trial 
substudy

Eva Spoormans, Jorrit Lemkes, Gladys Janssens, Nina van der Hoeven, 
Lucia Jewbali, Eric Dubois, Peter van de Ven, Martijn Meuwissen, 
Ton Rijpstra, Hans Bosker, Michiel Blans, Gabe Bleeker, Remon Baak, 
Georgios Vlachojannis, Bob Eikemans, Pim van der Harst, 
Iwan van der Horst, Michiel Voskuil, Joris van der Heijden, 
Albertus Beishuizen, Martin Stoel, Cyril Camaro, Hans van der Hoeven, 
José Henriques, Alexander Vlaar, Maarten Vink, Bas van den Bogaard, 
Ton Heestermans, Wouter de Ruijter, Thijs Delnoij, Harry Crijns, 
Gillian Jessurun, Pranobe Oemrawsingh, Marcel Gosselink, Koos Plomp, 
Michael Magro, Paul Elbers, Yolande Appelman, Niels van Royen.

Resuscitation. 2021 Jan;158:14-22.



Chapter 9

180

absTRaCT

Background: Whether sex is associated with outcomes of out-of-hospital cardiac arrest 
(OHCA) is unclear.

Objectives: This study examined sex differences in survival in patients with OHCA with-
out ST-segment elevation myocardial infarction (STEMI).

Methods: Using data from the randomized controlled Coronary Angiography after 
Cardiac Arrest (COACT) trial, the primary point of interest was sex differences in OHCA-
related one-year survival. Secondary points of interest included the benefit of imme-
diate coronary angiography compared to delayed angiography until after neurologic 
recovery, angiographic and clinical outcomes.

Results: In total, 522 patients (79.1% men) were included. Overall one-year survival was 
59.6% in women and 63.4% in men (HR 1.18; 95% CI: 0.76-1.81;p=0.47). No cardiovas-
cular risk factors were found that modified survival. Women less often had significant 
coronary artery disease (CAD) (37.0% vs. 71.3%;p<0.001), but when present, they had 
a worse prognosis than women without CAD (HR 3.06; 95% CI 1.31-7.19;p=0.01). This 
was not the case for men (HR 1.05; 95% CI 0.67-1.65;p=0.83). In both sexes, immediate 
coronary angiography did not improve one-year survival compared to delayed angiog-
raphy (women, odds ratio (OR) 0.87; 95% CI 0.58-1.30;p=0.49; vs. men, OR 0.97; 95% CI 
0.45-2.09;p=0.93).

Conclusion: In OHCA patients without STEMI, we found no sex differences in overall one-
year survival. Women less often had significant CAD, but when CAD was present they had 
worse survival than women without CAD. This was not the case for men. Both sexes did 
not benefit from a strategy of immediate coronary angiography as compared to delayed 
strategy with respect to one-year survival.

Key words: out-of-hospital cardiac arrest, sex differences, coronary angiography

Clinical trial registration number: Netherlands trial register (NTR) 4973.
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InTRoduCTIon

Out-of-hospital cardiac arrest (OHCA) is a major public health problem with high mortal-
ity rates.1, 2 In patients suffering from OHCA with initial shockable rhythm, coronary ar-
tery disease (CAD) is the most common underlying cause of the arrest and is reported in 
up to 70% of patients3-5 and invasive coronary angiography is one of the key components 
in post-arrest care.6 In patients who present with cardiac arrest due to ST-segment el-
evation myocardial infarction (STEMI), an acute thrombotic occlusion is often the cause 
of the arrest.5, 7 American and European guidelines recommend immediate coronary 
angiography and percutaneous coronary intervention (PCI) if indicated in these STEMI 
patients.5, 8-10 Current guidelines also encourage immediate coronary angiography in 
patients with cardiac arrest and shockable rhythm in the absence of STEMI but with high 
suspicion of myocardial ischaemia.9, 10 Until recently, no randomized data on the ben-
efit of early coronary angiography in these patients has been available. The Coronary 
Angiography after Cardiac Arrest without ST-segment Elevation (COACT) trial, the first 
multicentre randomized controlled trial to investigate this3, 11, found no benefit of early 
coronary angiography compared to delayed coronary angiography strategy with respect 
to 90-days survival in these patients.3, 11

In recent years, sex differences in patients with OHCA are being increasingly recognized 
in both pathophysiology and treatment of CAD.12-15 Studies including cardiac arrest pa-
tients with all initial rhythms and presumed cardiac aetiology have shown that almost 
80% of patients are male 12, 14, 16-18 and that cardiac arrest due to an initial shockable 
rhythm is more common in men than women.12, 15, 17-19 If women suffer from OHCA, they 
are often older15, 17, 19, 20, and have a higher cardiovascular risk profile than men.12, 19 Pres-
ent data on the association between sex and OHCA-related survival is mainly based on 
national registries containing a heterogeneous patient population. While some studies 
reported that female sex is associated with worse survival15, 16, 19, others found no as-
sociation12, 14, 21 and one study even reported increased odds of survival for women.22 The 
contradictory findings represent the current knowledge gaps regarding sex differences 
in OHCA patients. Using the randomized-controlled COACT database, we examined sex 
differences in patients who were successfully resuscitated after OHCA with initial shock-
able rhythm in the absence of STEMI on one-year survival. We also examined sex differ-
ences and the effect of immediate coronary angiography on one-year survival, baseline 
characteristics and in-hospital treatment.
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MeThods

study population
This study is a secondary analysis of the COACT trial3, 11, an investigator-initiated, 
randomized open-label multicentre trial, which was performed in 19 hospitals in 
the Netherlands. Patients were included if they were 18 years or older and success-
fully resuscitated after OHCA with initial shockable rhythm and absence of STEMI on 
the post-resuscitation electrocardiogram (ECG).3 Important exclusion criteria were signs 
of STEMI, shock or an obvious or suspected non-coronary cause of the arrest.3 Further 
in- and exclusion criteria were reported previously.23 Eligible patients were randomized 
in a 1:1 ratio to an immediate strategy (i.e. as soon as possible, initiated within 2 hours 
after randomization) or a delayed strategy (i.e. after neurologic recovery) for coronary 
angiography. Post-resuscitation care was according to the international resuscitation 
guidelines.6 Decisions on withdrawal or limit life-sustaining therapy was in accordance 
with Dutch and European guidelines. The COACT trial was approved by the ethical 
committee of Amsterdam UMC, location VUmc. Deferred written informed consent was 
obtained from all enrolled patients.

study endpoints and definitions
In the present study, we examined sex differences in patients successfully resuscitated 
after OHCA with initial shockable rhythm and absence of STEMI. The primary point of 
interest was the overall survival at one year. The secondary points of interests were the 
benefit of immediate coronary angiography compared to a delayed strategy on one year 
survival, the presence of cardiovascular risk factors, angiographic characteristics and 
outcomes, and clinical outcomes (i.e. mechanical and catecholamine or inotropic sup-
port). Death was defined as death of all cause. Unstable coronary lesions were defined 
as a stenosis severity of >70% and the presence of characteristics of plaque disruption 
including irregularity, dissection, haziness or thrombus defined by coronary angiogra-
phy.3 Significant coronary artery disease was defined as coronary lesions with >70% 
stenosis severity without signs of plaque disruptions.

statistical analysis
For descriptive analysis, continuous measurements were presented as means ± 
standard deviation or medians and interquartile ranges (IQR). Categorical variables 
were presented as number of observations and percentages. Baseline characteristics 
and angiographic outcomes were analysed using the independent samples t-test for 
continuous variables or Mann-Whitney U for variables that were not normally distrib-
uted. The chi-square or Fisher’s exact test was used to compare binary and categori-
cal outcomes. Survival outcomes were assessed using the Kaplan Meier method and 
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compared between sexes using the log-rank test. Effect modification of associations 
between treatment or risk-factors and one-year survival by sex were assessed by logistic 
regression where the interaction between sex and treatment or risk factors was tested. A 
two-tailed p-value of 0.05 was regarded as statistically significant. All statistical analyses 
were conducted using IBM SPSS Statistics, version 26 (IBM, Armonk, New York).

ResulTs

Patients baseline characteristics
In the randomized COACT trial, 552 patients were enrolled at 19 participating centres 
in the Netherlands during the time-period from January 2015 to July 2018.3 Fourteen 
patients retroactively withdrew informed consent. In addition, 13 patients refused 
consent for the one-year follow-up and 3 patients were lost to follow-up. In total, 522 
patients had data available for assessment at one year (n=413 men, 79.1%) (Table 1). The 
proportions of witnessed arrest did not differ between the sexes (women 72.5% vs. men 
79.7%; p=0.11), nor did median time from arrest to basic life support (BLS) or return of 
spontaneous circulation (ROSC). Also, signs of ischaemia on ECG did not differ between 
men and women (women 60.4% vs. men 68.3%; p=0.13). Women were younger than 
men, with a mean age of 63.0±14.1 years compared to 66.1±11.7 years in men (p=0.04). 
Women had a lower cardiovascular risk profile as hypercholesterolemia (women 18.3% 
vs. men 30.6%; p=0.01), a history of myocardial infarction (women 17.4% vs. men 30.3%; 
p<0.01), previous coronary interventions such as percutaneous coronary intervention 
(PCI) (women 12.8% vs. men 21.7%; p=0.04) and previous coronary artery bypass graft-
ing (CABG) (women 6.4% vs. men 14.1%; p=0.03). Except for higher creatinine levels in 
men, laboratory findings at baseline were not found to differ between the two sexes.

Angiographic findings and subsequent treatment
During hospitalization, coronary angiography was performed in 81.0% of the patients. 
Women were less likely to undergo coronary angiography than men (women 74.3% vs. 
men 82.8%; p=0.04). The main reason for not performing coronary angiography was that 
the patient died before the procedure could take place, which was comparable in both 
sexes (women 19.3% vs. men 13.1%; p=0.10) (Table 2). Women less often had significant 
CAD (women 37.0% vs. men 71.3%; p<0.001), and were less likely to have severe CAD 
(one-vessel disease 18.5% vs. 29.8%; two-vessel disease 9.9% vs. 23.1%; three-vessel 
disease 8.6% vs. 18.4%; p<0.001) and (consequently) less often underwent revascu-
larization (women PCI 12.8% vs. men 30.0%; p<0.001, CABG 1.8% vs. 8.0%; p=0.02) as 
compared to their male counterparts (Figure 1).
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Table 1: baseline characteristics
Men (n=413) Women (n=109) P value

Age — years* 66.1±11.7 63.0±14.1 0.04

 18-39 8 (1.9) 7 (6.4)

 40-60 114 (27.6) 38 (34.9)

 >61 291 (70.5) 64 (58.7)

Hypertension — no. /total no. % 198/409 (48.4) 54/109 (49.5) 0.83

Previous myocardial infarction—no. /total no. % 125/413 (30.3) 19/109 (17.4) 0.008

Previous CABG — no./total no. % 58/412 (14.1) 7/109 (6.4) 0.03

Previous PCI — no./total no. % 89/411 (21.7) 14/109 (12.8) 0.04

Previous coronary artery disease – no. % 162/413 (39.2) 26/109 (23.9) 0.003

Previous cerebrovascular accident — no./ total no. % 25/412 (6.1) 9/109 (8.3) 0.41

Diabetes mellitus — no./total no. % 76/412 (18.4) 20/109 (18.3) 0.98

Current smoker — no./total no. % 93/383 (24.3) 18/99 (18.2) 0.20

Hypercholesterolemia — no./total no. % 125/408 (30.6) 20/109 (18.3) 0.01

Peripheral artery disease — no./total no. % 29/412 (7.0) 9/109 (8.3) 0.66

Arrest witnessed — no. % 329 (79.7) 79 (72.5) 0.11

Median time from arrest to basic life support [IQR] — min. 2 [1-5] 2 [0-5] 0.76

Median time from arrest to return of spontaneous 
circulation [IQR] — min.

15 [8-20] 15 [8-20] 0.85

Signs of ischaemia on ECG † — no./total no. % 265/388 (68.3) 64/106 (60.4) 0.13

Median GCS score at admission [IQR] 3 (3-3) 3 (3-3) 0.79

APACHE IV score 106.3±30.4 104.4±29.5 0.56

Baseline laboratory values

 pH 7.2±0.1 7.2±0.1 0.76

 Median lactic acid [IQR] 5.0(2.9-8.6) 5.1(2.9-9.1) 0.78

 Bicarbonate — mmol/liter 19.2±4.4 19.1±4.4 0.84

 Base excess -7.7±6.0 -7.2±6.9 0.47

 Median partial pressure of oxygen [IQR] — kPa 14.5 [9.5-26.3] 16.8 [9.2-33.0] 0.23

 Median Creatinine [IQR] — μmol/liter 105 [92-120] 86 [71-99] <0.001

 Median Creatinine Kinase [IQR] — U/liter 174 [125-263) 145 [100-211] 0.003

 Median Creatinine Kinase MB [IQR] — μg/liter 6.5 [4.0-17.5) 4.5 [2.8-12.0] 0.02

 Median Troponin T [IQR] — μg/liter 0.050 [0.028-
0.104)

0.048 [0.028-
0.085]

0.40

*Plus-minus values represents means and standard deviations±. †Signs of ischaemia on ECG meaning ST-segment depres-
sion of 1 mm or more in two contiguous leads and/or T-wave inversion in two contiguous leads. IQR denotes interquartile 
range, CABG coronary artery bypass graft, PCI percutaneous coronary intervention, ECG electrocardiogram, GCS Glasgow 
Coma Scale (scoring system ranging from 3-15, low score indicates reduced level of consciousness), APACHE IV Acute phys-
iology and chronic health evaluation IV (scoring system assessing severity of illness and prognosis of intensive care unit 
patients, ranging from 0 to 286, with higher scores indicating a higher risk of death).
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In-hospital treatments and outcomes
Intensive care support, such as duration of mechanical ventilation (women 2 [1-3] days 
vs. men 2 [1-4] days; p=0.09) or duration of inotropic support (women 1 [0.5-1.5] days vs. 
men 1 [0.5-2.0] days; p=0.11) was not found to differ between sexes (Table 3). Similarly, 
there was no difference in need for renal replacement therapy (women 0.9% vs. men 
4.4%; p=0.15). Cardiac biomarkers such as troponin T and CK-MB were significantly 
lower in women compared to men. Women were discharged faster from the intensive 
care unit (3 [2-6] days vs. 4 [2-6] days; p=0.02).

Treatment strategies and survival
In total, at one-year follow-up 59.6% of women and 63.4% of men were alive (HR 1.18; 
95% confidence interval [CI]: 0.76-1.81; p=0.47) (Figure 2). In patients who underwent 
immediate coronary angiography, 29 (59.2%) women and 133 (61.9%) men were alive at 
one year (p=0.73). In the delayed group, 36 (60.0%) women and 129 (65.2%) men were 
alive at one year (p=0.47). Causes of death were similar for the two sexes (Table S1). The 
presence of significant CAD in women was strongly associated with worse survival (HR 

Table 2: Reasons for not undergoing coronary angiography*
Men (n= 71) Women (n= 28)

Death — no. of patients. (%) 54 (76.1%) 21 (75.0%)

Poor neurologic condition — no. of patients. (%) 5 (7.0%) 2 (7.1%)

Multiple co-morbidities — no. of patients. (%) 3 (4.2%) 1 (3.6%)

Cardiac imaging performed instead — no. of patients. (%) 3 (4.2%) 2 (7.1%)

Patient refused — no. of patients. (%) 0 (0.0%) 2 (7.1%)

Other — no. of patients. (%) 6 (8.5%) 0 (0.0%)

*Almost all patients (22/24) who survived hospitalization but did not undergo coronary angiography, were enrolled in the 
delayed arm.

 

 

 

 
figure 1: angiographic outcomes and revascularization method*
*Significant coronary artery disease was defined coronary lesions with >70% stenosis severity without signs of plaque 
disruptions. Unstable coronary lesions coronary lesions were defined as a stenosis severity of >70% and the presence of 
characteristics of plaque disruption including irregularity, dissection, haziness or thrombus defined by coronary angiogra-
phy.3 Abbreviations: PCI Percutaneous coronary intervention, CABG coronary artery bypass grafting.
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Table 3: In-hospital treatment and interventions
Men (n=413) Women (n=109) P value

Intensive care support

Noradrenaline (epinephrine) administration — no. of 
patients (%)

363 (87.9) 93 (85.3) 0.47

Dobutamine administration — no. of patients (%) 112 (27.1) 29 (26.6) 0.92

Dopamine administration — no. of patients (%) 21 (5.1) 7 (6.4) 0.58

Phosphodiesterase administration — no. of patients (%) 31 (7.5) 13 (11.9) 0.14

Median duration of catecholamine or inotropic support 
[IQR] — days

1 [0.5-2.0] 1 [0.5-1.5] 0.11

Targeted temperature management — no. (%) of patients 387 (93.7) 102 (93.6) 0.96

Median time to targeted temperature management [IQR] 
— hours

5 [2-8] 4 [2-6] 0.05

Markers of shock

 Lowest MAP on day 1 61.4±11.8 60.5±13.6 0.48

 Lowest MAP on day 2 61.9±11.0 62.6±13.7 0.68

 Lowest MAP on day 3 67.6±15.0 67.7±15.9 0.97

 Median maximal lactic acid [IQR] 4.7 [2.7-8.3] 4.8 [2.9-8.9] 0.62

Assist device used — no. of patients (%) 14 (3.4) 1 (0.9) 0.33

Median duration mechanical ventilation [IQR] — days 2 [1-4] 2 [1-3] 0.09

Need for renal replacement therapy — no. of patients (%) 18 (4.4) 1 (0.9) 0.15

Laboratory values

Median peak value Troponin T [IQR] — μg/liter 0.677 [0.267-2.052] 0.462 [0.171-1.303] 0.009

Median peak value Creatinine Kinase [IQR] — U/liter 913 [390-2329] 658 [314-1327] 0.005

Median peak value Creatinine Kinase MB [IQR] — μg/liter 36.9 [16.3-95.1] 27.4 [12.5-58.0] 0.04

Complications

Major bleeding — no. of patients (%) 15 (3.6) 5 (4.6) 0.58

Recurrence of VT needing defibrillation — no. of patients 
(%)

32 (7.7) 4 (3.7) 0.14

Medical treatment and interventions

Salicylates — no. of patients (%) 345 (83.5) 81 (74.3) 0.03

P2Y12-inhibitor — no. of patients (%) 274 (66.3) 62 (56.9) 0.07

Unfractionated heparin/ LMWH — no. of patients (%) 373 (90.3) 94 (86.2) 0.22

Glycoprotein IIb/ IIIa inhibitor — no. of patients (%) 20 (4.8) 4 (3.7) 0.60

Statins — no. of patients (%) 284 (68.8) 61 (56.0) 0.01

Beta blocker — no./total no. of patients (%) 295/412 (71.6) 66/108 (61.1) 0.04

ACE-inhibitor/ ARB — no./total no. of patients (%) 261/412 (63.3) 61/108 (56.6) 0.19

ICD implantation — no. of patients (%) 164 (39.7) 45 (41.3) 0.77

Median GCS score at 72hr [IQR] 13 [6-15] 14[5-15] 0.41

Median duration at Intensive Care Unit [IQR] — days 4 [2-6] 3 [2-6] 0.02

*Plus-minus values represents means and standard deviations±. MAP denotes mean arterial pressure, VT ventricular 
tachycardia, LMWH low molecular weight heparin, ACE angiotensin converting enzyme, ARB angiotensin II receptor block-
er, ICD implantable cardioverter-defibrillator, GCS Glasgow Coma Scale.
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3.06; 95% CI 1.31-7.19; p=0.01) among patients that underwent coronary angiography, 
with a one year survival rate of 56.7% in women with CAD compared to 82.4% in women 
without CAD. This difference was not found in men, with survival rates of 73.5% in men 
with CAD and 73.0% in men without CAD (HR 1.05; 95% CI 0.67-1.65; p=0.83). In a post-
hoc analysis performed separately in both sexes, we were not able to identify differences 
in baseline that clarified the lower survival in women with CAD. In both men and women, 
immediate coronary angiography did not improve one-year survival when compared to 
delayed angiography strategy and the effect was not found to be significantly modified 
by sex (OR 0.87; 95% CI 0.58-1.30; p=0.49; vs. OR 0.97; 95% CI 0.45-2.09; p=0.93; p-value 
for interaction=0.81) (Figure 3). At one-year follow-up, there was no difference between 
coronary interventions or hospitalizations between the sexes (Table S2).

dIsCussIon

This is the first study to investigate sex differences in survival and the effect of immedi-
ate coronary angiography in successfully resuscitated cardiac arrest patients with initial 
shockable rhythm and absence of STEMI. In this post-hoc study from the COACT trial, 
we found no difference in overall one-year survival between men and women. Although 
women had less significant CAD, they had significantly worse survival when CAD was 
present. Nevertheless, both men and women did not benefit from a strategy of imme-
diate coronary angiography compared to a delayed strategy with respect to one-year 
survival.

 

 

 

 

 

 

figure 2: Kaplan Meier estimates of survival for men and women
Kaplan-Meier estimates on one-year survival between men and women. A: overall survival between men and women. B: 
survival in men and women with and without coronary artery disease (CAD).
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Although patients did not differ in ECG findings indicating myocardial ischaemia, men 
had almost twice as frequent significant coronary artery lesions as compared to women. 
Several studies have demonstrated differences in angiographic outcomes between men 
and women in OHCA.14, 18 As men have a significantly higher prevalence of obstructive 
CAD, one would expect that in men, ischemic heart disease is more frequently the cause 
of the arrest, and that early coronary angiography with PCI, if indicated, might benefit 
men more than women. However, we did not see this in our study. There are several 
possible explanations for this finding. As described in the COACT trial, the vast major-

 

 

 

figure 3: assessment of effect modification of associations between treatment and risk factors and 
one-year survival by sex
Figure 3 shows the assessment of associations between treatment and risk factors on one-year survival by sex. Coronary 
angiography treatment strategy denotes immediate invasive coronary angiography (i.e. 2 hours after randomization) or 
delayed coronary angiography (i.e. after neurological recovery).
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ity of men and women with obstructive CAD had stable coronary artery lesions.3 Acute 
unstable coronary artery lesions were reported in approximately 15% of the patients, 
whereas acute thrombotic occlusions were reported in only 5%, without any differences 
between men and women.3 PCI is associated with improved survival in patients with 
acute thrombotic occlusions5, 8, but not in patients with stable CAD, which may explain 
our results.3, 24 Also, in both men and women who did not survive hospitalization, neuro-
logic complications subsequent to the arrest were the main cause of death, in line with 
previous studies.25 Other causes of death, such as arrhythmias or cardiogenic shock, 
were responsible for approximately 15% of deaths during hospitalization and did not 
differ between the sexes.

In women with CAD, survival was substantially lower compared to men. In a post-hoc 
analysis, we were not able to identify differences in baseline, such as age, that clarified 
the lower survival rate in women. Since coronary angiography in the delayed strategy 
was postponed until after neurological recovery, one could argue that this could have 
affected our results. We therefore performed the same survival analysis in patients 
that underwent immediate coronary angiography (i.e. initiated within two hours after 
randomization). This showed similar survival outcomes in men and women with CAD. 
Therefore, selection bias for patients that survived until angiography does not seem 
to affect our results. Despite the lower survival rates in women with CAD, immediate 
coronary angiography did not improve survival compared to a delayed coronary angi-
ography strategy. Further studies are needed to investigate the comparable outcome in 
survival with and without obstructive CAD in both sexes.

Several observational studies have described that women are less likely to undergo 
coronary angiography than men, especially when ST-segment elevation is absent.26-28 
The reduced utilization of coronary angiography in women has been suggested to arise 
from under-treatment or under-recognition.12, 29 In fact, a cardiac origin of the arrest is 
reported less often suspected in women.14-16 In the COACT trial, all patients were ran-
domized either to immediate or delayed coronary angiography strategy.3 Interestingly, 
we also found that coronary angiography was significantly more often performed in 
men than in women in the delayed arm. The main reason for not undergoing coronary 
angiography was that the patient died before the procedure could take place. This was 
the case in 19% of women, and 13% of men but did not reach statistical significance. In 
patients who survived until hospital discharge but did not undergo coronary angiogra-
phy, the most common reasons for not performing angiography were poor neurologic 
condition, co-morbidities making coronary angiography less of a priority and utilization 
of other imaging strategies. These reasons did not differ between men and women and 
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concerned almost all patients enrolled in the delayed arm. Consequently, we were not 
able to determine which factors led to the lower use of coronary angiography in women.

Nearly 80% of the patients were men. Previous studies on out-of-hospital cardiac ar-
rest patients found similar proportions between men and women 12, 14, 15 and appear 
to represent the population that survives until hospital admission. We observed a few 
significant differences in patient characteristics at baseline. In contrast to previous 
studies14, 15, we found no difference in the rate of witnessed arrest in men and women, 
neither in time from arrest to basic life support or time from arrest to return of sponta-
neous circulation. In addition, women in our study were significantly younger and had 
a lower prevalence of traditional cardiovascular risk factors compared to their male 
counterparts. Previously, an increase has been reported of young women who are not 
resuscitated who present with acute myocardial infarction.30 As a result of a significantly 
lower burden of significant CAD, the pathogenesis of OHCA in the absence of ST-segment 
elevation is less clear in women. Since ECG findings indicating myocardial ischaemia 
were comparable in both sexes, ischaemia in women might be the result of coronary 
vasomotor dysfunction [epicardial vasospasm and/or microvascular dysfunction]. Few 
studies have investigated sex differences in the aetiology of cardiac arrest.13, 31 A large 
autopsy study including all sudden cardiac deaths without an obvious non-cardiac 
cause, found that women are more likely to have a non-atherosclerotic cause of cardiac 
death, such as primary myocardial fibrosis and myocarditis.13, 31 In addition, MINOCA 
(myocardial infarction with non-obstructive CAD) and spontaneous coronary artery 
dissection (SCAD) are two entities that are increasingly recognized among younger, 
non-resuscitated women presenting with acute myocardial infarction, and both are 
associated with sudden cardiac death.32, 33 In our study, we were not able to determine 
the exact aetiology of the arrest in women without significant CAD. Although the role of 
MINOCA and SCAD in cardiac arrest is currently unclear, additional diagnostic testing is 
worth considering in all patients with non-significant CAD after excluding other (non)
cardiac causes. Further studies regarding the pathogenesis of cardiac arrest in patients 
without significant artery disease are required.

limitations
This was a post-hoc study from the COACT trial and was not randomized or stratified for 
sex. Sex-specific risk factors such as pre-eclampsia, gestational diabetes, pre-term deliv-
ery or early menopause were not included in this study so we were unable to conclude 
whether this could have affected the results. Angiographic data was not available in 
patients that died before the procedure could take place and therefore, we do not know 
whether this was related to CAD severity. Data on the presence of SCAD on coronary 
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angiography was not available. Lastly, the community response and efficiency of the 
system care in the Netherlands may not be the same around the world.

ConClusIon

In patients with OHCA and shockable rhythm in the absence of STEMI, we found no dif-
ference in overall one-year survival between men and women. Women less often had 
significant CAD, but when CAD was present, they had significantly worse survival com-
pared to women without CAD. This was not the case for men. Nevertheless, both men 
and women did not benefit from a strategy of immediate coronary angiography strategy 
as compared to a delayed angiography with respect to one-year survival. Further studies 
are needed to investigate the comparable outcome in survival with and without obstruc-
tive CAD in both sexes.

funding: Supported by unrestricted research grants from the Netherlands Heart Insti-
tute, Biotronik, and AstraZeneca.
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suPPleMenTaRy daTa

Supplement to: Spoormans EM, Lemkes JS, Janssens GN et al. Sex differences in pa-
tients with out-of-hospital cardiac arrest without ST segment -elevation: A COACT trial 
substudy.

Table s1: Causes of death during hospitalization
Men (n=135) Women (n=42)

Cause of death

 Cardiogenic shock — no. of patients. (%) 15 (11.1) 3 (7.1)

 Arrhythmias — no. of patients. (%) 9 (6.7) 3 (7.1)

 Neurologic injury — no. of patients. (%) 88 (65.2) 26 (61.9)

 Multi-organ failure/ sepsis — no. of patients. (%) 16 (11.9) 4 (9.5)

 Other causes — no. of patients. (%) 7 (5.2) 6 (14.3)

All data are expressed in numbers and percentages (%).

Table s2: Interventions or hospitalization during one-year follow-up

Men (n=413)
Women 
(n=109)

odds Ratio 95% CI

Coronary angiography — no. of patients. (%) 17/413 (4.1) 3/109 (2.8) 0.70 (0.19-2.29)

Myocardial infarction — no. of patients. (%) 3/413 (0.7) 0/109 (0.0) †

PCI — no. of patients. (%) 13/413 (3.1) 3/109 (2.8) 0.87 (0.24-3.11)

CABG — no. of patients. (%) 3/413 (0.7) 1/109 (0.9) 1.27 (0.13-12.29)

Hospitalization due to heart failure — no (%) 2/413 (0.5) 1/109 (0.9) 1.9 (0.17-21.18)

ICD implantation — no. of patients. (%) 11/413 (2.7) 1/109 (0.9) 0.34 (0.04-2.64)

 ICD shocks — no. of patients. (%) 31/413 (7.5) 9/109 (8.3) 1.11 (0.51-2.41)

 Appropriate ICD shocks — no. of patients. (%) 27/413 (6.5) 4/109 (3.7) 0.12 (0.02-0.64)

Composite of death, revascularization or myocardial 
infarction after index hospitalization — no. of patients. 
(%)

168/413 (40.7) 48/109 (44.0) 1.15 (0.75-1.76)

All data are expressed in numbers and percentages (%). †OR and 95% not determined because of absence of events in 
women. PCI denotes percutaneous coronary intervention, CABG coronary artery bypass graft, ICD implantable cardio-
verter-defibrillator.
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absTRaCT

Objective: The optimal targeted temperature in patients with shockable rhythm is 
unclear and current guidelines recommend TTM with a correspondingly wide range 
between 32 °C and 36 C°. Our aim was to study survival and neurologic outcome associ-
ated with targeted temperature management (TTM) strategy in post-arrest patients with 
initial shockable rhythm.

Design: Observational sub-study of the Coronary Angiography after Cardiac Arrest (CO-
ACT) trial

Setting: Nineteen hospitals in the Netherlands

Patients: The COACT trial randomized successfully resuscitated patients with shockable 
rhythm and absence of ST-segment elevation to a strategy of immediate or delayed 
coronary angiography. In this sub-study, 459 patients treated with mild therapeutic 
hypothermia (MTH) (32.0°C-34.0°C) or targeted normothermia (36.0°C-37.0°C) were 
included. Allocation to TTM strategy was at the discretion of the physician.

Interventions: None

Measurements and main results: After 90 days, (63.6%) patients in the MTH group and 
129 (67.9%) in the targeted normothermia group were alive (hazard ratio 0.86 (95% 
CI 0.62-1.18); log-rank p=0.35, adjusted (OR 0.89; 95%CI, 0.45 to 1.72). Patients in the 
MTH group had longer intensive care unit (ICU) stay (4 [3-7] vs. 3 [2-5] days; ratio of 
geometric means 1.32; 95%CI, 1.15 to 1.51), lower blood pressures, higher lactate levels 
and increased need for inotropic support. Cerebral Performance Category scores at ICU-
discharge and 90-day follow-up and patient reported mental and physical health scores 
at one year were similar in the two groups.

Conclusions: In the context of OHCA with shockable rhythm and no ST-elevation, treat-
ment with MTH was not associated with improved 90-day survival compared to targeted 
normothermia. Neurologic outcomes at 90 days as well as patient-reported mental and 
physical health scores at one year did not differ between the groups.

Key words: Targeted temperature management, shockable rhythm, cardiac arrest

Trial registration number: Netherlands trial register (NTR): trial NL4857 (NTR4973)
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InTRoduCTIon

Survival rates of patients who are successfully resuscitated after out-of-hospital cardiac 
arrest (OHCA) have increased in recent years, but remain low (1). Post-cardiac arrest 
syndrome, including whole body ischemia and reperfusion damage, is main reason for 
death after return of spontaneous circulation (ROSC) in patients after cardiac arrest (2, 
3). It is well known that pyrexia, which is common at an early stage after resuscitation, is 
associated with deleterious neurologic outcomes (4-6). Reducing core body temperature 
has been suggested to decrease cerebral metabolic rate for oxygen and the production 
of free radicals, which can lead to lower amounts of cell death and improved survival 
and neurologic outcomes (7-9). Based on two landmark studies among patients with an 
initial shockable rhythm, the use of targeted temperature management (TTM) in post-
arrest patients is advocated in the European Society of Cardiology and International 
Liaison Committee on Resuscitation guidelines (3, 10-12).

The TTM trial, encompassing a study population with 80% of patients that had initial 
shockable rhythm, was the first study to compare a targeted temperature of 33°C to 
36°C and was neutral on both survival and favorable neurologic outcomes (13). Since 
the publication of TTM trial, a decrease of the use of TTM and target temperature was 
observed, resulting in concerns about an observed decrease in survival in the same 
period (14-16). A recently published study among patients with non-shockable rhythms 
found a higher percentage of survival with good neurologic outcome in patients treated 
with 33°C compared to 37°C, suggesting that cardiac arrest characteristics may influence 
TTM effects. Moreover, since the publication of the landmark trials, post-cardiac arrest 
care has markedly improved. Since the optimal targeted temperature is still unclear and 
current guidelines recommend TTM in post-arrest patients with a correspondingly wide 
range of temperatures between 32 °C and 36 C° (3), further data on the optimal targeted 
temperature in a modern post-arrest care setting is needed. In this observational sub-
analysis of The Coronary Angiography after Cardiac Arrest without ST-segment Eleva-
tion (COACT) trial (17, 18), our objective was to compare mild therapeutic hypothermia 
(32-34°C) to targeted normothermia (36-37°C) on survival and neurologic outcome in a 
modern post-cardiac care setting of patients with initial shockable rhythm and absence 
of ST-segment elevation myocardial infarction (STEMI).
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MaTeRIal and MeThods

Study design and study population
This is a observational post-hoc analysis of the COACT trial. A total of 552 patients suc-
cessfully resuscitated after OHCA with an initial shockable rhythm were enrolled during 
the time period from January 2015 to July 2018 (17). The COACT trial included comatose 
(i.e. Glasgow Coma scale <8) patients who were successfully resuscitated after OHCA with 
a shockable rhythm in absence of STEMI and 1:1 randomized these patients to an immedi-
ate coronary angiography strategy (i.e. within 2 hours after randomization) or a delayed 
strategy (i.e. until after neurological recovery) (17). This study found no difference with 
respect to 90-day survival and at one year (17, 18). Furthermore, it was found that patients 
assigned to the immediate angiography reached their targeted temperature later than 
patients assigned to the delayed arm. It was therefore argued that this might have attenu-
ated any potential benefit gained from immediate coronary angiography (17). The main 
exclusion criteria were signs of STEMI on the post-arrest electrocardiogram (ECG), shock or 
an obvious non-coronary cause of the arrest. Further in- and exclusion criteria are reported 
in the supplementary appendix. We compared a targeted mild therapeutic hypothermia 
(MTH) (32.0-34.0°C) to targeted normothermia (36.0°C-37.0°C) in successfully resuscitated 
patients with initial shockable rhythm and in absence of ST-segment elevation. All patients 
of the COACT trial who were treated with a target temperature of 32.0°C to 34.0°C or 36.0°C 
to 37.0°C were included in the analysis. Although each center had its own TTM protocol, the 
final decision was at the discretion of treating physician. Informed consent was obtained 
from all enrolled patients. This study followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) guidelines for reporting of observational studies 
(19). The trial design of the main COACT trial was reviewed and approved by the VUMC 
ethics committee, and is registered at the Netherlands Trial Register, number NTR4973.

outcome assessment and follow-up
Follow-up data were obtained via a telephone interview conducted at 90 days and at 
one year after randomization with the patient, a family member or patient’s general 
physician. Neurologic outcomes were scored at intensive care unit (ICU) discharge and 
at 90-day follow-up using cerebral performance categories (CPC). The CPC is a five point 
scale to assess neurologic outcome with higher scores indicating worse prognosis. A 
good cerebral performance score was defined as CPC 1 or 2. At one-year, patients were 
asked to complete a RAND-36 Item Health Survey interview. This is a widely used quality 
of life questionnaire (20). It yields 8 domains to calculate the physical component score 
(PCS) and mental component score (MCS) (20). All items are summed into scale scores 
and subsequently transformed to a hundred point scale score. A higher score denotes a 
more favorable health state.
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In this study, the primary point of interest was 90 day-survival. Secondary points of 
interest were neurological outcome using CPC scores at ICU discharge and at 90 day 
follow-up, and quality of life at one-year follow-up using the RAND 36-Item Health Sur-
vey. Furthermore, we assessed whether duration until TTM was reached in immediate 
or delayed coronary angiography strategy was associated with survival or neurologic 
outcomes. As this was a sub-study of a larger trial, no a-priori sample size calculations 
was performed for comparison of MTH to targeted normothermia.

statistical analysis
Continuous variables were summarized as mean ± standard deviation or median and 
interquartile ranges [IQR, 25-75%], depending on normality of the distribution. Cat-
egorical variables were summarized as numbers and percentages. We compared groups 
using independent T-test, Mann-Whitney U test and Chi-square or Fishers’ exact test, 
when applicable. Effect sizes were reported as odds ratios, mean differences or ratio 
of geometric means with 95% confidence intervals, where appropriate. Survival curves 
were constructed using Kaplan Meier method and compared using the log-rank test. 
Hazard ratios with associated 95% confidence intervals were derived using cox pro-
portional hazards model. Effect modification on the relation between TTM, neurologic 
outcomes and survival by arrest characteristics was assessed by testing the two-way 
interaction of TTM group and arrest characteristics by means of a two-way interaction. 
The two-way interaction was tested using logistic regression after dichotomizing neu-
rological outcome at 90 days as good (CPC = 1 or 2) or poor (CPC= 3 to 5). Confounding 
for patient and center specific factors center-specific factors on the endpoints survival 
and neurologic outcome were explored using logistic regression. Proportions of patients 
surviving 90 days and proportion of patients with good neurological outcomes adjusted 
for in-hospital management were obtained as estimated means from a mixed logistic re-
gression model where center was included as fixed effect together with variables related 
in-hospital management. Adjustment for confounding factors was done by adding wit-
nessed arrest, time to ROSC, academic/non-academic center, ECMO/non-ECMO center, 
IC-capacity and patient characteristics to a logistic regression with TTM group as main 
determinant. Causal mediation analysis to assess the mediating effect of time until TTM 
on the relation between treatment strategy (immediate/delayed) and outcomes. Results 
of causal mediation analysis are reported as average causal direct and indirect effects, 
with their 95% confidence intervals and p-values determined using a non-parametric 
bootstrap with 10,000 replications. A two-tailed p-value of 0.05 or less was regarded 
as statistically significant. Statistical analysis was performed with IBM SPSS Statistics, 
version 26 (IBM, Armonk, New York). Causal mediation analysis was performed using the 
‘mediation’ package in R.
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ResulTs

Patients
After exclusion of 14 patients that retroactively withdrew informed consent, 38 patients 
in whom TTM was not initiated and 41 patients that were treated with targeted tem-
perature outside the study’s definition range (i.e. <32°C and 35°C), a total of 459 patients 
were eligible for this analysis (Figure S1). The mean age was 65±13 years and 78.6% of 
patients were men (Table 1). Predictors for neurologic outcome, such as time to basic 
life support (MTH 2 [1-5] minutes vs. targeted normothermia 2 [1-5] minutes), time to 
ROSC (15 [8-20] minutes vs. 15 [8-22] minutes) or lactate (4.9 [2.6-8.5] vs. 5.3 [3.5-8.6] 
mol/L) were similar in the MTH and targeted normothermia group. In patients eligible 
for analysis, proportions randomized to immediate or delayed coronary angiography 
were similar in the two groups; 50.9% of patients that received MTH was randomized to 
the immediate arm, versus 50.5% of patients in the targeted normothermia group.

Temperature management and intensive care support
In total, 269 (58.6%) patients were treated with MTH and 190 (41.4%) with targeted 
normothermia (Table S1, Table 2). Twelve centers applied hypothermia and 7 centers 
applied targeted normothermia. A few patients deviated to a different strategy (Table 
S2). The median targeted temperature in the MTH group was 33.0°C [32.0°C-33.0°C]°C 
(Table S1). In the targeted normothermia group, almost all patients (89.5%) were treated 
with a goal temperature of 36.0°C (Figure S2). Seven patients were treated with a goal 
temperature of 37.0°C. Cooling was achieved using body surface cooling (88.8% in the 
MTH group and 57.9% in the targeted normothermia group) or an intravascular cooling 
device (11.2% and 42.1%) (Table S1). The median time to targeted temperature was 6.0 
[4.0-8.6] hours in the MTH group and 3.4 [1.8-6.8] hours in the targeted normothermia 
group.

hemodynamics
There were substantial differences with respect to hemodynamics and intensive care 
support between the two groups. Lactate was higher and MAPs were lower in the MTH 
group, as measured during the first four days of intensive care treatment (Table 2). Fur-
thermore in the MTH group, the duration of midazolam and opioid administration was 
longer. The administration of noradrenaline was longer (44.7 [28.6-64.3] vs. 33.0 [21.6-
59.2] hours; ratio of geometric means 1.27; 95% CI, 1.03 to 1.57) and higher dosed (0.20 
[0.10-0.46] vs. 0.15 [0.08-0.26] mmol/L; ratio of geometric means 1.42; 95% CI, 1.04 to 
1.95) in the MTH group. Furthermore, maximum levels of troponin (0.553 [0.223-1.555] 
vs. 0.513 [0.184-1.024] μg/liter; ratio of geometric means 1.41; 95%CI, 1.02 to 1.96) and 
CK-MB (38.4 [16.4-132.8] vs. 25.6 [14.4-66.5] ug/L; ratio of geometric means 1.44; 95% 
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Table 1: Patient demographics

Characteristic
all patients
(n=459)

MTh (32-34°C)
(n=269)

normothermia
(36-37°C) (n=190)

P-value

Sex, male 361 (78.6) 208 (77.3) 153 (80.5) 0.41

Age 65±13 65±12 65±14 0.64

Medical history

 Coronary artery disease 162 (35.3) 101 (37.5) 61 (32.1) 0.23

 Myocardial infarction 127 (27.7) 76 (28.3) 51 (26.8) 0.74

 PCI 85/457 (18.6) 53 (19.7) 32/188 (17.0) 0.47

 CABG 56/458 (12.2) 37 (13.8) 19/189 (10.1) 0.23

 Hypertension 218/256 (47.8) 121/268 (45.1) 97/188 (51.6) 0.18

 Diabetes mellitus 81/458 (17.7) 43 (16.0) 38/189 (20.1) 0.26

 Hypercholesterolemia 121/456 (26.5) 70/267 (26.2) 51/189 (27.0) 0.86

 Cerebrovascular accident 28/458 (6.1) 17 (6.3) 11/189 (5.8) 0.83

 Peripheral artery disease 32/458 (7.0) 20 (7.4) 12/189 (6.3) 0.65

 Smoker 100/424 (23.6) 60/253 (23.7) 40/171 (23.4) 0.94

Pre-hospital settings

 Arrest witnessed 357 (77.8) 202 (75.1) 155 (81.6) 0.10

 Time arrest to BLS (minutes) 2 [1-5] 2 [1-5] 2 [1-5] 0.99

 Time arrest to ROSC (minutes) 15 [8-20] 15 [8-20] 15 [8-22] 0.44

Signs of ischemia on ECGa 287/436 (65.8) 172/256 (67.2) 115/180 (63.9) 0.48

Laboratory findings

 Serum pH 7.22±0.14 7.22±0.14 7.21±0.13 0.62

 Partial pressure of oxygen (kPa) 14.8 [9.4-27.3] 14.4 [9.8-26.7] 15.5 [8.9-30.0] 0.72

 Bicarbonate (mmol/liter) 19.2±4.4 19.0±4.4 19.6±4.2 0.16

 Base excess -7.7±6.0 -7.5±6.2 -7.9±5.7 0.42

 Lactic acid (mmol/l) 5.0 [2.9-8.5] 4.9 [2.6-8.5] 5.3 [3.5-8.6] 0.13

 Troponin T (μg/liter) 0.050 [0.028-0.093] 0.050 [0.028-0.114] 0.047 [0.028-0.085] 0.25

 Creatinine kinase MB (μmol/liter) 6.4 [3.9-22.8] 6.3 [3.9-14.0] 6.5 [3.9-39.0] 0.24

 Creatinine kinase (U/liter) 166 [118-252] 174 [118-264] 150 [118-224] 0.07

 Creatinine (μmol/liter) 101 [87-116] 100 [85-116] 103 [90-116] 0.16

GCS on admission 3 [3-3] 3 [3-3] 3 [3-3] 0.77

Randomization to coronary angiography strategy 0.93

 Immediate coronary angiography 233 (50.8) 137 (50.9) 96 (50.5)

 Delayed coronary angiography 226 (49.2) 132 (49.1) 94 (49.5)

Urgent coronary angiography due to 
deterioration (in the delayed group)b

33 (7.2) 21 (7.8) 12 (6.3) 0.54

When applicable, data are expressed in numbers and percentages (%). Plus-minus (±) values are classified as mean and stan-
dard deviation (SD). Brackets are classified as median and interquartile ranges (IQR). a Signs of ischemia on ECG meaning ST-
segment depression of 1 mm or more in two contiguous leads and/or T-wave inversion in two contiguous leads. b 36 patients 
that were randomized to delayed coronary angiography strategy (i.e. coronary angiography until after neurological recovery) 
underwent urgent coronary angiography due to cardiac deterioration. Abbreviations: CABG denotes coronary-artery bypass 
grafting, PCI percutaneous coronary intervention, CVA cerebrovascular accident, BLS basic life support, ROSC return of spon-
taneous circulation, ECG electrocardiogram, APACHE IV Acute physiology and chronic health evaluation IV (scoring system 
assessing severity of illness and prognosis of ICU patients, ranging from 0 to 286, with higher scores indicating a higher risk 
of death), GCS Glasgow coma scale (scoring system ranging from 3-15, low score indicates reduced level of consciousness).
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Table 2: TTM characteristics, hemodynamics and biomarkers

Characteristic
MTh (32-34°C)

(n=269)

Targeted
normothermia

(36-37°C) (n=190)

effect size
(+95% CI)a

Treatment characteristics

Median targeted temperature 33 [32-33] 36 [36-36]

 Geometric mean (95% CI) 33 [33-33] 36 [36-36] 0.91 (0.91 to 0.91)

Lowest temperature 32.6 [31.9-33.1] 35.2 [34.6-35.7]

 Geometric mean (95% CI) 32.6 (32.5-32.8) 35.1 (34.9-35.2) 0.93 (0.93 to 0.94)

Time from arrest to TTM in hours 6.0 [4.0-8.6] 3.4 [1.8-6.8]

 Geometric mean (95% CI) 5.7 (5.2-6.2) 3.6 (3.0-4.3) 1.41 (1.21 to 1.64)

Time from TTM to 36°C in hours 31.0 [22.0-34.8] 0.0 [0.0-0.0]

 Mean (SD) 27.03±11.20 0.57±5.83 26.46 (24.81-28.12)b

Hemodynamics

Noradrenaline administration 252 (93.7) 159 (83.7) OR 2.89 (1.55 to 5.39)

 Highest dose (ug/kg/min)c 0.20 [0.10-0.46] 0.15 [0.08-0.26]

 Geometric mean (95% CI) 0.22 (0.18-0.27) 0.16 (0.13-0.20) 1.42 (1.04 to 1.95)

 Duration in hours 44.7 [28.6-64.3] 33.0 [21.6-59.2]

 Geometric mean (95% CI) 39.0 (34.3-44.4) 32.6 (27.8-38.1) 1.27 (1.03 to 1.57)

Dobutamine administration 89 (33.1) 44 (23.2) OR 1.64 (1.08 to 2.50)

 Highest dose (ug/kg/min)c 3.5 [2.1-5.2] 3.0 [2.0-4.7]

 Geometric mean (95% CI) 3.0 (1.9-4.8) 2.3 (1.4-3.7) 1.31 (0.65 to 2.62)

 Duration in hours 129 29.8 [18.3-39.0] 36.0 [19.0-54.3]

 Geometric mean (95% CI) 26.9 (22.8-31.9) 28.5 (21.4-38.0) 0.89 (0.62 to 1.19)

Phosphodiesterase inhibitor administration 26 (9.7) 12 (6.3) OR 1.59 (0.78 to 3.23)

 Duration in hours 50.6 [27.8-71.8] 36.0 [17.5-74.7]

 Geometric mean (95% CI) 38.5 (23.3-64.0) 37.2 (20.1-68.6) 1.04 (0.45 to 2.38)

Propofol administration 248 (92.2) 183 (96.3) OR 0.45 (0.19 to 1.09)

 Duration in hours 58.0 [40.0-77.0] 50.0 [36.0-73.0]

 Geometric mean (95% CI) 59.8 (51.3-69.8) 58.4 (46.8-72.8) 1.05 (0.93 to 1.32)

Midalozam administration 140 98 (36.4) 47 (24.7) OR 1.74 (1.15 to 2.63)

 Duration in hours 23.3 [11.1-40.0] 13.8 [4.3-26.4]

 Geometric mean (95% CI) 23.4 (17.5-31.4) 10.6 (7.1-15.7) 1.95 (1.26 to 3.03)

Opioids administration 214 (79.6) 154 (81.1) OR 0.91 (0.57 to 1.45)

 Duration in hours 51.5 [38.5-79.1] 40.0 [24.0-74.0]

 Geometric mean (95% CI) 59.2 (51.3-68.2) 39.4 (32.7-47.5) 1.50 (1.19 to 1.90)

Duration mechanical ventilation in hours 64 [44-119] 42 [28-71]

 Geometric mean (95% CI) 67.4 (60.3-75.4) 45.2 (39.1-52.1) 1.49 (1.27 to 1.79)

Circulatory assist device 6 (2.2) 3 (1.6) OR 0.70 (0.17 to 2.85)

Recurrence of VT/VFd 17 (6.3) 16 (8.4) OR 1.36 (0.67 to 2.77)

Renal replacement therapy 12 (4.5) 5 (2.6) OR 0.58 (0.20 to 1.67)

Lowest MAP on day 1 61±12 63±13 1.97 (-0.40 to 4.34)f

Lowest MAP on day 2 58±9 67±13 9.16 (6.84 to 11.49)f
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Table 2: TTM characteristics, hemodynamics and biomarkers (continued)

Characteristic
MTh (32-34°C)

(n=269)

Targeted
normothermia

(36-37°C) (n=190)

effect size
(+95% CI)a

Lowest MAP on day 3 63±12 73±18 10.03 (6.64 to 13.42)f

Lowest MAP on day 4 69±15 79±20 9.87 (5.57 to 14.18)f

Laboratory values

Lowest pH 7.23 [7.15-7.29] 7.25 [7.17-7.30]

 Geometric mean (95% CI) 7.20 (7.18-7.22)  7.20 (7.18-7.23) 1.00 (0.99 to 1.00)

Maximum value lactate 4.9 [2.8-8.4] 4.8 [3.0-8.1]

 Geometric mean (95% CI) 4.9 (4.3-5.5) 5.3 (4.7-5.8) 1.01 (0.89 to 1.15)

Peak value CK 935 [411-2552] 731 [356-1592]

 Geometric mean (95% CI) 1087 (891-1325) 780 (634-960) 1.25 (1.02 to 1.55)

Peak value CK-MB 38.4 [16.4-132.8] 25.6 [14.4-66.5]

 Geometric mean (95% CI) 47.2 (37.8-59.1) 32.4 (26.0-40.3) 1.44 (1.07 to 1.94)

Peak value Troponin T 0.553 [0.223-1.555] 0.513 [0.184-1.024]

 Geometric mean (95% CI) 0.816 (0.589-1.129) 0.617 (0.447-0.852) 1.41 (1.02 to 1.96)

Lactate

 6 hours 1.5 [1.2-2.7] 1.4 [1.0-2.2]

 Geometric mean (95% CI) 1.8 (1.6-1.9) 1.4 (1.2-1.7) 1.19 (1.04 to 1.35)

 12 hours 1.5 [1.1-2.6] 1.4 [0.9-1.8]

 Geometric mean (95% CI) 1.6 (1.5-1.8) 1.4 (1.1-1.6) 1.30 (1.15 to 1.48)

 24 hours 1.5 [1.1-2.3] 1.2 [0.9-1.6]

 Geometric mean (95% CI) 1.6 (1.5-1.8) 1.3 (1.1-1.6) 1.38 (1.23 to 1.55)

 48 hours 1.5 [1.1-2.0] 1.1 [0.9-1.4]

 Geometric mean (95% CI)  1.5 (1.4-1.7) 1.1 (1.0-1.3) 1.41 (1.27 to 1.56)

 72 hours 1.1 [0.9-1.5] 1.1 [0.8-1.3]

 Geometric mean (95% CI) 1.2 (1.1-1.3) 1.1 (0.9-1.3) 1.13 (0.99 to 1.28)

Imaging

LVEFe 47±14 46±13 0.79 (-3.27 to 4.85)f

Length of admission at ICU in days 4 [3-7] 3 [2-5]

 Geometric mean (95% CI) 5 (4-5) 3 (3-4) 1.32 (1.15 to 1.51)

Duration of hospitalization in days 13 [6-22] 13 [6-20]

 Geometric mean (95% CI) 11 (10-13) 11 (10-13) 1.00 (0.84 to 1.20)

When applicable, data are expressed in numbers and percentages (%). Plus-minus (±) values are classified as mean and 
standard deviation (SD). Brackets are classified as median and interquartile ranges (IQR).
a The effect size is the ratio of geometric means unless otherwise noticed. For mean differences, the targeted normother-
mia was the reference group.
b Mean difference was reported as effect size as ratio of geometric means could not be calculated.
c Highest dose that was administered during the first four days of hospitalization.
d Recurrence of VT/VF needing defibrillation
e Left ventricular ejection fraction was assessed in 191 patients that underwent echocardiography or MRI during hospital-
ization.
f The effect size is the mean difference between the MTH group and the targeted normothermia group. Abbreviations: TTM 
targeted temperature management, ICU Intensive care unit, VT/VF ventricular tachycardia of ventricular fibrillation, CAG 
coronary angiography, TIMI Thrombolysis in Myocardial Infarction, LVEF left ventricular ejection fraction, OR odds ratio.
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CI, 1.07 to 1.94) were higher in this group, which was not the case for CK (935 [411-2552] 
vs. 731 [356-1592] U/L ratio of geometric means 1.44; 95% CI, 1.07 to 1.94). Patients that 
were treated with MTH were longer admitted on the ICU (4 [3-7] vs. 3 [2-5] days; ratio 
of geometric means 1.32; 95% CI, 1.15 to 1.51) (Table 2). Table S3 reports the use of 
medications, renal replacement therapy and assist devices stratified by cooling strategy 
centers.

neurologic outcomes and survival
Glasgow coma scale scores during the first 72 hours of admission are depicted in Table 
S4. After 90 days, 300 (65.4%) patients had were alive; 171 (63.6%) patients in the MTH 
group and 129 (67.9%) in the targeted normothermia group (hazard ratio 0.86 (95% CI 
0.62-1.18); log-rank p=0.35) (Figure 1, Table 3). In addition, odds ratio for 90-day survival 
(adjusted OR 0.89; 95% CI, 0.45 to 1.73) and good neurologic outcome (adjusted OR 0.80; 
95% CI, 0.41 to 1.55) were similar when adjusted for potential center-specific confound-
ers and patient characteristics (Table 4). After exclusion of the seven patients that were 
treated with a goal temperature of 37C°, the hazard ratio (95% CI) for 90-day survival was 
0.90 (0.65-1.24); log-rank 0.51. CPC scores at 90-day follow-up did not differ between the 
groups. At one year, 155/259 (59.8%) in the MTH group were alive compared to 124/187 
(66.3%) in the targeted normothermia group (hazard ratio 0.81 (95% CI 0.59-1.11); log-
rank p=0.18). The Mann-Whitney test showed that CPC scores did not differ between the 
MTH and targeted normothermia group, both at ICU discharge (p=0.053) and at 90-day 

 
 figure 1: Kaplan Meier

Kaplan Meier estimates on survival until 90 days. Abbreviations: MTH mild therapeutic hypothermia.



207

Targeted temperature management in OHCA with shockable rhythm

follow-up (p=0.26) (Figure S3, Table 3). In both groups, neurological hypoxic brain injury 
was the main cause of death (Table S5). Causal mediation analysis did not show that the 
time until TTM was reached acted as mediator for the relation between treatment (im-
mediate/delayed) and outcome (Table S6). To assess the quality of life, 200/459 (43.6%) 
patients completed the Quality of life Health assessment questionnaire at one year 
follow-up (Table 3). Median PCS were 49.9 in the MTH group, and 50.9 in the targeted 
normothermia group and did not differ between groups (ratio of geometric means 0.97; 
95% CI, 0.91 to 1.04). Median MCS were 50.2 in the MTH group and 51.3 in the targeted 
normothermia group, respectively (ratio of geometric means 0.99; 95% CI, 0.93 to 1.06). 
Furthermore, as sub-analysis restricted to arrest characteristics showed that TTM strat-
egy did not affect survival or neurologic outcome at 90 days (Figure S4). Proportions of 
patients surviving 90 days and proportion of patients with good neurological outcomes 
adjusted for in-hospital management are reported in Figure S5.

Table 3: Primary and secondary endpoints

endpoint
MTh (32-34°C)

(n=269)
normothermia 

(36-37°C) (n=190)
effect size
+ 95% CIa

Survival until 90 days 171/269 (63.6) 129/190 (67.9) 0.86 (0.62-1.18)

Survival until one year 155/259 (59.8) 124/187 (66.3) 0.81 (0.59-1.11)

CPC at ICU discharge

1 62/261 (23.8) 67/173 (38.7) Reference

2 67/261 (25.7) 32/173 (18.5) 2.26 (1.31-3.90)

3 43/261 (16.5) 18/173 (10.4) 2.58 (1.35-4.94)

4 11/261 (4.2) 2/173 (1.2) 5.94 (1.27-27.88)

5 78/261 (29.9) 54/173 (31.2) 1.56 (0.96-2.55)

CPC at 90 day follow-up

1 150/269 (55.8) 115/188 (61.2) Reference

2 12/269 (4.5) 11/188 (5.9) 0.84 (0.36-1.96)

3 7/269 (2.6) 1/188 (0.5) 5.37 (0.65-44.24)

4 2/269 (0.7) 0/188 (0.0) N.A.

5 98/269 (36.4) 61/188 (32.4) 1.23 (0.82-1.84)

Quality of life Questionnaire (RAND-36)b

 Physical component score 49.9 [42.9-55.0] 50.9 [43.3-55.0]

 Geometric mean (+95% CI) 46.2 (44.3 to 48.3) 47.7 (45.3 to 50.2) 0.97 (0.91 to 1.04)

 Mental component score 50.2 [42.2-56.3] 51.3 [42.8-56.2]

 Geometric mean (+95% CI) 46.9 (44.9 to 48.9) 47.3 (44.9 to 49.8) 0.99 (0.93 to 1.06)

Data are expressed in numbers and percentages (%).
a Effect sizes are expressed in hazard ratio’s for survival, odds ratios for neurologic outcomes and ratio of geometric means 
with 95% confidence intervals for physical and mental component scores.
b 125 patients in the MTH group and 75 patients in the normothermia group completed the RAND-36 Health Survey Ques-
tionnaire at one year follow-up. Abbreviations: CPC cerebral performance category, ICU intensive care unit.
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dIsCussIon

In this post-hoc analysis of the COACT trial, treatment with MTH was not associated with 
improved 90-day and one-year survival, compared to treatment with targeted normo-
thermia. Groups were not found to differ on CPC scores at ICU discharge and 90 days 
and on patient-reported mental and physical health component scores after one year. 
Furthermore, no association were found on cardiac arrest characteristics and the rela-
tion between TTM strategy and survival or neurologic outcome. This is the first study 
in a modern post-cardiac care setting to compare TTM strategies in OHCA patients with 
shockable rhythm and no STEMI.

survival and neurologic outcomes
Our results are in line with the TTM trial. The TTM trial compared a target temperature of 
33°C with 36°C and also found no difference in survival or neurologic outcomes. Survival 
in the TTM study was around 50% in both groups (13). However, that trial included all 
initial rhythms, containing a mixed bag of cardiac arrest etiologies. In patients with 
non-shockable rhythm, a recently published randomized trial by Lascarrou et al found 
improved survival with neurologic function in patients treated with deeper cooling (21). 
Although to date there is no strong data available supporting goal temperature based 
on the severity of illness, the results of Lascarrou et al might imply that cardiac arrest 

Table 4: logistic regression on 90-day survival and good neurological outcome adjusted for center-
specific factors
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TTM strategya 0.83 (0.56-1.22) 0.34 0.89 (0.45-1.73) 0.72 0.75 (0.50-1.10) 0.14 0.80 (0.41-1.55) 0.50

The association of TTM strategy and 90-day survival and neurological outcome (defined as a CPC score of 1 or 2) at 90 days 
adjusted for potential center-specific confounders (arrest specific factors (i.e. witnessed arrest, time to ROSC), center spe-
cific factors (i.e. academic center, ECMO center, IC capacity), patient characteristics (i.e. age, sex, history of coronary artery 
disease, hypertension, diabetes mellitus, cerebrovascular incident). Patients that had no information available on time to 
ROSC (per minute) could not be incorporated in the analysis (n=93).
a Reference category = normothermia
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characteristics may influence the effect of TTM and that patients with worse cardiac 
arrest characteristics, such as those with an non-shockable rhythm might benefit more 
from deeper cooling (21). In these two trials, the amount of witnessed arrest and time 
to BLS were comparable with our results (13, 21). However, Lascarrou et al. reported 
cardiogenic shock in 60% of the patients compared to only 15% in the TTM trial, and 
this indicates a worse hemodynamic profile in non-shockable cardiac arrest patients 
(13, 21). In our study, we found that cardiac arrest characteristics (e.g. witnessed arrest, 
time to BLS) was not associated with survival and neurologic outcome stratified by TTM 
strategy. This is furthermore in line with a sub-study of the TTM which did not show that 
deeper cooling results in better outcomes in patients with hemodynamic instability (22). 
Further research is needed into cardiac arrest characteristics and the effect of TTM.

In our study we found high rates of favorable neurologic outcomes, defined as a CPC 
score 1 or 2. Only one study that compared duration of 24 with 48 hours of TTM with 
33°C, found similar results (23). The most likely explanation for these favorable scores 
is that all patients included in the COACT trial had initial shockable rhythm, which itself 
is associated with improved survival outcomes compared to non-shockable rhythms. 
Furthermore, the time delay from arrest to basic life support was relatively short. This 
may be the result of the efficient emergency medical services infrastructure in the 
Netherlands, leading to a shorter period of no-flow time and subsequently improved 
neurologic outcomes. However, the relatively favorable cardiac arrest characteristics 
may have attenuated potential effects of deeper cooling.

Patients in the MTH group of our study suffered from a number of adverse effects. Com-
pared to patients in the targeted normothermia group, admission duration at the ICU 
was longer. Additionally, patients treated with MTH had lower blood pressures, higher 
lactate rates and needed more inotropic support during the first four days of admission, 
suggesting a worse hemodynamic profile. These results are in line with a post-hoc analy-
sis of the TTM trial which found that patients in the 33°C group had higher Sequential 
Organ Failure Assessment (SOFA) scores, indicating the severity of organ dysfunction 
(22, 24). This effect on hemodynamics might be the result of increased use of sedative 
drugs. Despite the higher need for inotropes and dobutamine, we did not find that pa-
tients treated with MTH were at higher arrhythmogenic risk compared to patients that 
received targeted normothermia. Furthermore, neurologic function was comparable at 
90-day follow-up.

Patients in the COACT trial were randomized to an immediate coronary angiography 
strategy or a delayed strategy. Early initiation of TTM was recommended, and earlier 
studies have shown that inducing TTM during PCI is feasible and safe (25, 26). However 
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in the COACT trial, patients assigned to the immediate coronary angiography group 
reached their targeted temperature later than patients assigned to the delayed coronary 
angiography strategy (median 5.4 [IQR 2.9-8.6] hours vs. 4.7 [IQR 2.6-7.5] hours; ratio of 
geometric means, 1.19; 95% CI, 1.04 to 1.36). It has therefore been argued that a later 
achievement of target temperature might have attenuated any potential benefit gained 
from immediate coronary angiography (17). In the current study, we found that duration 
until TTM was reached did not act as a mediator for the relation between immediate or 
delayed angiography treatment strategy on 90-day survival, suggesting that a potential 
benefit of early angiography was not affected by the delay time to TTM.

Neurological injury secondary to cardiac arrest is related to quality of life outcomes (27, 
28). Patients in the COACT trial reported similar outcome measures on PCS and MCS in 
both TTM strategies. This was also found in a study using comparable health question-
naires in patients assigned to target temperatures of either 33°C or 36°C, with means 
around 49 and 47 in both groups; numbers that were close to the reference range of the 
general population norm (29).

It has been suggested that hypothermia might have a cardio protective effect on myo-
cardial injury (30). We found a greater extent of cardiac biomarkers troponin and CK-MB 
in the MTH group. Higher CK-MB levels were also found in patients that were treated with 
prolonged TTM at 33°C (30). These results may suggest that deeper cooling may not be 
cardio protective, and might even harm cardiac function. However, echocardiography 
or MRI performed in 191 of the patients showed no difference in left ventricular func-
tion between the groups. Additionally, a study in patients who presented with STEMI 
and who were not resuscitated, also found no effect of hypothermia on infarct size as 
measured by MRI (26).

In contrast to previous observations, which have shown a decrease in the use of TTM 
since the publication of the TTM trial, we found that MTH was still widely practiced in 
Dutch centers (14-16).

Whether the possible benefit of TTM is caused by lowering body core temperature or by 
prevention of pyrexia remains debated. Nevertheless, in patients that receive targeted 
normothermia, temperature should by strictly maintained as they are more likely to 
digress into febrile ranges when the temperature rises above target. In line with the 
TTM-2 trial that compared hypothermia targeted at 33°C with early treatment of fever 
(37.6°C), we included seven patients that were treated with a goal temperature of 37.0°C 
although this is currently not recommended in the European post-resuscitation guide-
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lines. Similarly, TTM-2 trial found no difference in overall survival or functional outcome 
at 6 months (31).

limitations
We acknowledge a number of limitations to this study. First, this is a post-hoc analysis 
of a prospective randomized trial comparing an immediate coronary angiography with 
a delayed coronary angiography strategy and therefore patients were not randomized 
by TTM strategy. Results of this sub-study should therefore be considered exploratory 
and hypothesis-generating. Second, each center had its own TTM and duration, in 
compliance of the European post-resuscitation guidelines. Although we adjusted our 
primary analysis for center-specific characteristics as much as possible, some residual 
confounding of effect sizes by center-specific factors that were not recorded may still 
be present. Third, although patients with a pre-arrest CPC score of 3 or 4 were excluded 
in the COACT trial, we did not have detailed information on neurologic function prior 
to admission. Finally, 38 patients were not treated with TTM and 41 patients that were 
treated with a target temperature outside the study’s definition were not included in this 
sub-study.

ConClusIon

In the context of OHCA with shockable rhythm and no ST-elevation, treatment with MTH 
was not associated with improved 90-day survival compared to targeted normothermia. 
In addition, neurologic outcomes at ICU discharge and 90 days did not differ between 
groups, as well as patient-reported mental and physical health component scores after 
one-year.

acknowledgements: The COACT trial was supported by unrestricted grants from the 
Netherland Heart Institute, AstraZeneca and Biotronik.
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Neurological outcome scored according to the Cerebral Performance Category scale
CPC 1: Good cerebral performance, may have mild deficits.

CPC 2: Moderate cerebral disability, sufficient for independent activities of daily life.

CPC 3: Severe cerebral disability.

CPC 4: Coma or vegetative state.

CPC 5: Dead.

Inclusion and exclusion criteria of the COACT trial

Inclusion criteria
• Age > 18 years
• Comatose patients (Glasgow coma score < 8) with return of spontaneous circulation 

after out-of-hospital cardiac arrest.
• Ventricular tachycardia or ventricular fibrillation as initial arrest rhythm. Including 

patients treated with an AED.

Exclusion criteria
• Signs of STEMI on the ECG at the emergency department (including new LBBB or 

isolated ST depression in V1-V3 due to an true posterior infarct).
• Hemodynamic instability unresponsive to medical therapy. Defined as a prolonged 

(>30 min) systolic blood pressure <90 mmHg at the time of screening.
• An obvious or suspected non-coronary cause of the arrest.
• A known severe renal dysfunction (GFR<30 ml/min).
• Obvious or suspected pregnancy.
• Suspected or confirmed acute intracranial bleeding.
• Suspected or confirmed acute stroke.
• Known limitations in therapy or DO Not Resuscitate-order.
• Known pre-arrest Cerebral Performance Category 3 or 4.
• >4 hours (from return of spontaneous circulation to screening).
• Refractory ventricular arrhythmia.
• Known inability to complete 90-day follow-up
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figure s1: flow diagram
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Figure S2: Ranges of temperatures 

figure s2: Ranges of temperatures
Blue bars: Targeted temperatures in the mild therapeutic hypothermia (MTH) group. Temperatures ranged from 32.0°C to 
34.0°C. Yellow bars: Targeted temperatures in the normothermia group, ranging from 36.0°C to 37.0°C.

 

 
figure s3: neurologic outcomes at ICu discharge and 90 day follow-up
Neurologic outcome was determined using CPC scores. This is a fi ve point scale to assess neurologic outcome with higher 
scores indicating worse prognosis. From left  to right: CPC 1; green, CPC 2; blue, CPC 3; yellow, CPC 4; pink, CPC 5 (death); 
red. Abbreviations: MTH mild therapeutic hypothermia, CPC cerebral performance categories
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 figure s5: adjusted proportions of survival

Risk-adjusted proportions for outcomes of 90-day survival (orange bars) and good neurologic outcome (blue bars). Vaso-
active agents, sedatives, opioids, phosphodiesterase inhibitors, renal replacement therapy and use of assist device were 
added to the model. A good neurologic outcome was defi ned as a CPC score 1 or 2.
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figure s6: directed acyclic graph on potential confounders
A directed acyclic graph depicting the association of TTM strategy and survival (green arrow). Pink arrows indicate poten-
tial confounders and their association with TTM strategy and survival

Table s1: Targeted temperature results

all patients
(n=459)

MTh (32-34°C)
(n=269)

Targeted 
normothermia (36-

37°C) (n=190)

Median targeted temperature 34 [33-36] 33 [32-33] 36 [36-36]

Time from cardiac arrest to TTM in 
hours

5.1 [2.7-8.2] 6.0 [4.0-8.6] 3.4 [1.8-6.8]

Time to 36°C in hours 10.0 [0.0-32.0] 31.0 [22.0-34.8] 0.0 [0.0-0.0]

Type of cooling device used

 Intravascular cooling devicea 110 (24.0) 30 (11.2) 80 (42.1)

 Surface cooling deviceb 349 (76.0) 239 (88.8) 110 (57.9)

Lowest temperature 33.3 [32.4-35.0] 32.6 [31.9-33.1] 35.2 [34.6-35.7]

Data are expressed in numbers and percentages (%) or median and interquartile ranges [IQR].
a Intravascular cooling devices are endovascular cooling catheters.
b Surface cooling devices included water circulating cooling blankets and gel-coated adhesive pads (1).
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Table s2: TTM strategy and crossover per center

Participating center TTM strategy
Crossover to other TTM strategy 
(n)

Center #1 Hypothermia 10

Center #2 Hypothermia -

Center #3 Hypothermia -

Center #4 Normothermia -

Center #5 Hypothermia 3

Center #6 Normothermia 10

Center #7 Normothermia -

Center #8 Hypothermia 1

Center #9 Hypothermia -

Center #10 Normothermia -

Center #11 Hypothermia 1

Center #12 Hypothermia 2

Center #13 Hypothermia -

Center #14 Hypothermia -

Center #15 Hypothermia 1

Center #16 Normothermia -

Center #17 Hypothermia 2

Center #18 Normothermia -

Center #19 Normothermia -

Table s3: use of medications, renal replacement therapy and the use of assist device, stratified by 
cooling strategy of the centers.

MTh center
(n=281)

Targeted 
normothermia center 

(n=178)
effect size +95% CIa

Noradrenaline, N (%) 255 (90.7) 156 (87.6) 1.38 (0.76-2.53)

Dobutamine N (%) 83 (29.5) 50 (28.1) 1.07 (0.71-1.63)

Phosphodiesterase inhibitor N (%) 23 (8.2) 15 (8.4) 0.97 (0.49-1.91)

Propofol N (%) 258 (91.8) 173 (97.2) 0.32 (0.12-0.87)

Midazolam N (%) 102 (36.3) 43 (24.2) 1.79 (1.18-2.72)

Opioids N (%) 219 (77.9) 149 (83.7) 0.69 (0.42-1.12)

Renal replacement therapy N (%) 10 (3.6) 7 (3.9) 1.11 (0.41-2.97)

Assist device used N (%) 5 (1.8) 4 (2.2) 0.79 (0.21-2.98)
a Effect sizes are reported as odds ratios +95% confidence intervals. Abbreviations: CI confidence intervals.
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Table s4: Glasgow Coma scale scores

MTh (32-34°C) (n=269)
Targeted 

normothermia (36-
37°C) (n=190)

effect size +95% CIa

24 hours 3 [3-3] 3 [3-10]

 Geometric mean (+95% CI) 3 [3-3] 3 [3-10] 0.74 (0.66-0.84)

36 hours 3 [3-8] 10 [3-15]

 Geometric mean (+95% CI) 3 [3-8] 10 [3-15] 0.65 (0.57-0.75)

48 hours 7 [3-12] 14 [3-15]

 Geometric mean (+95% CI) 7 [3-12] 14 [3-15] 0.75 (0.66-0.86)

72 hours 10 [3-14] 14 [8-15]

 Geometric mean (+95% CI) 10 [3-14] 14 [8-15] 0.79 (0.69-0.91)

The Glasgow Coma Scale ranges from 3-15, with lower scores indicating worse neurologic injury.
a Effect sizes are reported as ratio of geometric means +95% confidence intervals.

Table s5: Causes of death during hospitalization
MTh (32-34°C)

(n=97)
Targeted normothermia 

(36-37°C) (n=57)
P-value

Cardiogenic shock 9 (9.3) 7 (12.3)

0.45

Cardiac arrhythmias 3 (3.1) 5 (8.8)

Neurological injury 67 (69.1) 37 (64.9)

Multi-organ failure or sepsis 12 (12.4) 4 (7.0)

Other reasons 6 (6.2) 4 (7.0)

All data are expressed in numbers and percentages (%).

Table s6: decomposition of total effect of treatment on neurological outcome and survival into a di-
rect effect and an indirect effect via TTM*

Good neurological outcome 90-day survival

Risk
difference

95% CI p-value
Risk

difference
95% CI p-value

Total effect -0.14% (-9.2, 9.0) 0.98 -2.1% (-11.0, 7.1) 0.66

Average direct effect (ADE) -1.1% (-10.0, 8.0) 0.82 -3.1% (-11.9, 5.9) 0.52

Average causal mediated effect (ACME) via 
Time to TTM

0.93% (-0.19, 2.7) 0.12 1.0% (-0.11, 2.9) 0.085

*Decomposition of total effect of treatment on neurological outcome and survival into a direct effect and an indirect effect 
via TTM. The delayed group is used as the reference group
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GeneRal suMMaRy

The first part of this thesis focused on the optimal timing of coronary angiography and 
revascularization in patients with transient ST-segment elevation myocardial infarction. 
In the multicenter randomized TRANSIENT trial we compared a “ST-segment elevation 
myocardial infarction (STEMI) like approach” with an “non ST-segment elevation myo-
cardial infarction (NSTEMI) like approach” in this subset of acute coronary syndrome 
(ACS) patients.

In the second part of this thesis we investigated the effect of immediate coronary 
angiography in patients successfully resuscitated from out-of-hospital cardiac arrest 
(OHCA) without ST-segment elevation on the electrocardiogram (ECG). The multicenter 
Coronary Angiography after Cardiac Arrest (COACT) trial randomized these patients 
to either an immediate invasive strategy or a delayed invasive strategy with coronary 
angiography after neurological recovery.

In Chapter 2 we described the design and rationale of the TRANSIENT trial. The ratio-
nale of this study is based on the assumption that a delayed invasive strategy would 
prevent periprocedural myocardial infarction and would lower myocardial infarct size in 
patients with transient STEMI. This study randomized 142 patients with transient STEMI 
to an immediate invasive strategy or an delayed invasive strategy, pending on risk.

In Chapter 3 we reported the primary endpoint of the TRANSIENT study, infarct size 
measured with cardiac magnetic resonance imaging (CMR) at day 4. We found infarct 
size in general to be small and not different between the immediate and the delayed 
invasive group. Furthermore, there was no difference in major adverse cardiac events 
(MACE) defined as death, reinfarction or target vessel revascularization at 30 days be-
tween the groups.

To identify differences between patients with transient STEMI and STEMI we compared 
the patients from the TRANSIENT study to a cohort of patients with STEMI in Chapter 
4. We found that patients with transient STEMI were more often female and had more 
cardiovascular risk factors than STEMI patients but less thrombus burden on coronary 
angiography. Furthermore, CMR revealed less microvascular obstruction and a smaller 
infarct size and a better preserved left ventricular function in patients with transient 
STEMI. Additionally, we found patients with transient STEMI to be more fibrinolytic, as 
demonstrated with a reduced clot lysis time, compared to patients with STEMI. This 
more effective endogenous fibrinolysis might explain the spontaneous reopening of the 
thrombotic occluded artery in patients with transient STEMI.
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Chapter 5 focused on the design and rationale of the COACT trial. In this study we 
randomized 552 patients with OHCA and restore of spontaneous circulation and in 
the absence of ST-segment on the ECG to immediate coronary angiography or delayed 
coronary angiography. We hypothesized that immediate coronary angiography would 
identify unstable coronary lesions that would benefit from immediate percutaneous 
coronary intervention (PCI), resulting in improved survival in these high-risk patients.

Nevertheless, we did not observe a difference in survival at 90 days, the primary end-
point of the COACT study, between the two treatment strategies. As was described in 
Chapter 6. Most secondary endpoints, which included neurological outcomes, duration 
and extent of intensive care support, major bleeding and myocardial injury also did not 
differ between the treatment groups. We did however observe that patients assigned to 
the immediate angiography group reached their target temperature later than patients 
in the delayed angiography group.

In Chapter 7, we reported the one-year clinical outcomes of patients in the COACT study. 
Again, we found no differences between the two treatment strategies with respect to 
survival, myocardial infarction, revascularization, hospitalization due to heart failure, 
ICD shocks and patient reported quality of life at one year.

If an acute coronary syndrome is the cause of the arrest, immediate coronary angiogra-
phy and PCI may salvage myocardium and prevent the loss of left ventricular function. 
In Chapter 8, we describe the CMR and ultrasound evaluation of the left ventricular 
function of patients in the COACT study. We observed no difference in left ventricular 
function and dimensions between patients treated with immediate coronary angiogra-
phy or delayed coronary angiography.

In Chapter 9, we investigated sex differences in patients successfully resuscitated from 
OHCA without ST-segment elevation. We found no sex differences in survival at one year. 
Women less often had significant coronary artery disease, but when coronary artery 
disease was present they had worse survival than women without coronary artery 
disease. This was not observed in men. Neither sex showed a benefit from a strategy 
of immediate coronary angiography as compared to a delayed strategy with respect to 
one-year survival.

Finally, in Chapter 10 we addressed the question of optimal targeted temperature 
management (TTM) in OHCA patients with a shockable rhythm by comparing patients 
treated with mild therapeutic hypothermia (MTH) (32.0˚C-34.0˚C) to targeted normo-
thermia (36.0˚C-37.0˚C) in the COACT study. We found no benefit of MTH compared to 
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targeted normothermia on 90-day survival in these patients. Patients in the MTH group 
had longer intensive care unit (ICU) stay, lower blood pressures, higher lactate levels 
and increased need for inotropic support. Cerebral Performance Category scores at ICU-
discharge and 90-day follow-up and patient reported mental and physical health scores 
at one year did not differ between the two groups.

Conclusions
Two main conclusions can be drawn from this manuscript. First, patients who present 
with transient STEMI can be treated with both an immediate or delayed invasive strategy 
with similar outcome. The results of this thesis showed that patients with transient 
STEMI have a very limited infract size with a relatively benign outcome, independently 
of timing of coronary angiography. This means that logistical considerations such as 
time of the day and availability of the catheterization laboratory can safely be taken into 
account when choosing the optimal time for intervention.

Secondly, in patients who are successfully resuscitated after OHCA, with an shockable 
rhythm and no signs of STEMI, a strategy of immediate angiography does not improve 
outcomes compared to a delayed angiography strategy. The focus of treatment in these 
patients, directly after the cardiac arrest, should therefore be on post-arrest care on the 
ICU, including target temperature management.

The results of both the TRANSIENT and COACT trials are in line with other studies which 
investigated the effect of an immediate coronary intervention in patients with an ACS 
without persisting ST-segment elevation on the ECG, and showed no benefit of an im-
mediate invasive strategy (1-3). Although two trials found that high-risk patients with 
NSTEMI might benefit from coronary angiography within 24 hours compared to a further 
delayed strategy (4, 5).

The benefit of an immediate PCI in patients with STEMI on outcome however is well 
established and is therefore currently the preferred treatment (6). An important differ-
ence between patients with STEMI and those with NSTEMI is the higher rate of occlusion 
of the culprit coronary artery resulting in decreased myocardial perfusion and ongoing 
infarction in patients with STEMI. The results of our studies therefore further support the 
theory that immediate PCI mostly benefits patients in need of reperfusion therapy and 
less those in whom the culprit vessel is open.
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fuTuRe PeRsPeCTIVes

Based on the results of the TRANSIENT trial, recent European guidelines for the manage-
ment of acute coronary syndromes in patients presenting without persisting ST-segment 
elevation now recommend an invasive strategy within 24 hours for patients with tran-
sient STEMI (7). Whether this is the optimal timing of coronary angiography in patients 
with transient STEMI is still debated. The median time to coronary angiography in the 
delayed invasive group in the TRANSIENT was 22.7 hours. One could argue that this 
was insufficient time for the culprit lesion to fully stabilize and prevent periprocedural 
myocardial infarction, suggesting the need for further study. However, a number of stud-
ies failed to show benefit of a so called “cooling off” period in patients with NSTEMI. 
Furthermore, these studies did report a higher event rate in NSTEMI patients at high risk 
(GRACE score>140) treated with a delayed compared to an early invasive strategy (4, 5).

Because the observed infarct size in our study was much smaller than the estimated 
infarct size used for the design of the trial, a much larger study is necessary to be conclu-
sive for superiority regarding infarct size. However, given the extreme low infarct size in 
both treatment groups, it is questionable whether any potential difference in infarct size 
measured by CMR would have clinical impact.

The limited infarct size and relative benign outcomes in our study are the result of the 
very high rate of patent culprit vessels found in our study. Emphasizing the need to 
further investigate methods to establish cardiac reperfusion in patients with STEMI even 
before coronary intervention.

Why some STEMI patients have reperfusion before PCI resulting in normalization of the 
ST-segment elevation, while others have persisting STEMI is still unclear and needs fur-
ther investigation. In our study we found patients with transient STEMI to have a more 
effective endogenous fibrinolysis. Other factors such as coronary spasm might also play 
a role. This is illustrated by the 9% of patients in our study without significant coronary 
artery disease, a condition referred to as myocardial infarction with non-obstructive 
coronary arteries (MINOCA) of which coronary spasm is an important etiology.

The COACT trial found no benefit of an immediate invasive strategy in patients after 
out-of- hospital cardiac arrest without ST-segment elevation on the ECG. This led to a 
change in the European guidelines for the management of acute coronary syndromes 
in patients presenting without persisting ST-segment elevation which now states that 
delayed, as opposed to immediate, angiography should be considered in hemodynami-
cally stable patients without ST-segment elevation after successful resuscitation (7). 
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However, at this time this is a class IIa recommendation with a level of evidence B. Ad-
ditional large randomized trials addressing the role of immediate coronary angiography 
in these patients are therefore necessary to substantiate the findings of COACT. Recently 
the results of the TOMAHAWK trial were published (8). This randomized study had a 
similar design and sample size as COACT, but included patients with both shockable and 
non-shockable rhythms. In line with COACT, the TOMAHAWK study found no benefit of 
an immediate invasive strategy in post-cardiac arrest patients without STEMI. Currently, 
the DISCO, EMERGE and ARREST trial (9-11) are including patients. These studies also in-
vestigate the role of coronary angiography in OHCA, their results are highly anticipated.

The lack of effect of an immediate invasive strategy in the COACT trial can be explained 
by the high rate of a neurological cause of death found in our study, which is less likely 
influenced by the timing of coronary angiography. Additionally, the low rate of patients 
with an acute unstable coronary lesion, who might benefit from an immediate invasive 
strategy, could also have contributed to the absence of clinical benefit. Although routine 
immediate coronary angiography is not contributory in all patients after cardiac arrest, 
future research should focus on identifying those patients with a high risk of acute coro-
nary syndrome as cause of the arrest, but with a low risk of neurological death.

Currently, target temperature management is widely used as a neuroprotective method 
to minimize hypoxic-ischemic brain damage. However randomized trials have shown 
conflicting outcomes regarding the optimal TTM strategy (12-14). The difference in ef-
fectiveness of TTM is most likely the result of a different patient population between 
the studies. Future studies should therefore focus on identifying the optimal targeted 
temperature management strategy for different patient groups as well as more specific 
neuro-protective pharmacological interventions.

Recently, the small randomized ARREST trial showed promising results of extracorpo-
real membrane oxygenation (ECMO)-facilitated resuscitation versus standard advanced 
cardiovascular life support in patients with OHCA and refractory ventricular fibrillation 
(15). Immediate coronary angiography and PCI was part of this highly invasive strategy 
and may have contributed to stabilizing hemodynamics and improving outcome in this 
very high-risk subgroup of cardiac arrest patients. Further studies are needed to confirm 
the results of ARREST and identify the role of coronary angiography in these patients.

Nevertheless, a further decrease in response-time and an improvement in response-
quality by patients, bystanders and caregivers is the most efficient way to improve 
survival in the still very deadly situation of an out-of-hospital-cardiac arrest. New 
technologies like eHealth, wearables and artificial intelligence could serve this purpose.
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alGeMene saMenVaTTInG

Het eerste deel van dit proefschrift richt zich op de optimale timing van coronaire an-
giografie en revascularisatie bij patiënten met “transient” (voorbijgaand) ST-segment 
elevatie myocard infarct. In de multicenter gerandomiseerde TRANSIENT-studie verge-
leken we een “ST-segment elevatie myocard infarct (STEMI)-achtige benadering” met 
een “non-ST-segment elevatie myocardinfarct (NSTEMI)-achtige” benadering in deze 
subgroep van patiënten met een acuut coronair syndroom (ACS).

In het tweede deel van dit proefschrift hebben we het effect onderzocht van onmid-
dellijke coronaire angiografie bij patiënten die succesvol zijn gereanimeerd na een 
hartstilstand buiten het ziekenhuis (OHCA) zonder ST-segment elevatie op het ECG. De 
multicenter COACT-studie randomiseerde deze patiënten naar ofwel een onmiddellijke 
invasieve strategie of een uitgestelde invasieve strategie met coronaire angiografie na 
neurologisch herstel.

In hoofdstuk 2 beschreven we het ontwerp en de rationale van de TRANSIENT-studie. 
De rationale van deze studie is gebaseerd op de hypothese dat een uitgestelde invasieve 
strategie een peri-procedureel myocardinfarct zou voorkomen en de omvang van het 
myocardinfarct zou verminderen bij patiënten met een transient STEMI. Deze studie 
randomiseerde 142 patiënten met transient STEMI naar een onmiddellijke invasieve 
strategie of een uitgestelde invasieve strategie, afhankelijk van risico.

In hoofdstuk 3 rapporteerden we het primaire eindpunt van de TRANSIENT-studie: De 
infarctgrootte gemeten met cardiale magnetische resonantie beeldvorming (CMR) op 
dag 4. We vonden dat de infarctgrootte in het algemeen klein was en niet verschilde tus-
sen de onmiddellijke en de uitgestelde invasieve groep. Verder was er geen verschil in 
ernstige nadelige cardiale gebeurtenissen (MACE) gedefinieerd als overlijden, re-infarct 
of revascularisatie van de betrokken coronair na 30 dagen tussen de groepen.

Om verschillen tussen patiënten met transient STEMI en STEMI te identificeren, ver-
geleken we de patiënten uit de TRANSIENT-studie met een cohort van patiënten met 
STEMI in hoofdstuk 4. Patiënten met transient STEMI waren vaker vrouw, hadden meer 
cardiovasculaire risicofactoren, maar minder trombus op het coronaire angiogram 
dan STEMI-patiënten. Bovendien toonde CMR minder microvasculaire obstructie, een 
kleinere infarctgrootte en een beter behouden linkerventrikelfunctie bij patiënten met 
transient STEMI. Daarnaast vonden we dat patiënten met transient STEMI meer fibrino-
lytisch waren, in vergelijking met STEMI-patiënten. Deze effectievere endogene fibrino-
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lyse zou de spontane heropening van de trombotisch afgesloten coronair bij patiënten 
met transient STEMI kunnen verklaren.

hoofdstuk 5 is gericht op het ontwerp en de rationale van de COACT-studie. In deze 
studie randomiseerden we 552 succesvol gereanimeerde patiënten zonder ST-segment 
elevatie op het ECG na herstel van circulatie, naar onmiddellijke coronaire angiografie 
of uitgestelde coronaire angiografie. Onze hypothese was dat onmiddellijke coronaire 
angiografie instabiele coronaire laesies zou identificeren die baat zouden hebben bij 
een directe percutane coronaire interventie (PCI), wat zou resulteren in een verbeterde 
overleving bij deze hoogrisico-patiënten.

We vonden geen verschil in overleving na 90 dagen, het primaire eindpunt van de 
COACT-studie, tussen beide groepen, zoals beschreven in hoofdstuk 6. De meeste se-
cundaire eindpunten, waaronder neurologische uitkomsten, duur en mate van intensive 
care ondersteuning, ernstige bloedingen en myocardschade verschilden ook niet tussen 
de behandelgroepen. We zagen wel dat patiënten in de onmiddellijke angiografie groep 
hun streeftemperatuur later bereikten dan patiënten in de uitgestelde angiografie groep.

In hoofdstuk 7 rapporteerden we de klinische uitkomsten van patiënten in de COACT-
studie na één jaar. We vonden opnieuw geen verschillen tussen de twee behandelstra-
tegieën met betrekking tot overleving, vóórkomen van myocardinfarct, revascularisatie, 
ziekenhuisopname vanwege hartfalen, ICD-shocks en de gerapporteerde kwaliteit van 
leven.

Als een ACS de oorzaak van de hartstilstand is, zou onmiddellijke coronaire angiografie 
en PCI myocard kunnen redden en het verlies van de linkerventrikelfunctie kunnen 
minimaliseren. In hoofdstuk 8 beschrijven we de CMR- en echografische evaluatie van 
de linkerventrikelfunctie van patiënten in de COACT-studie. We zagen geen verschil in 
linkerventrikelfunctie en dimensies tussen patiënten die werden behandeld met onmid-
dellijke coronaire angiografie of uitgestelde coronaire angiografie.

In hoofdstuk 9 onderzochten we sekseverschillen bij patiënten die succesvol waren ge-
reanimeerd na OHCA zonder ST-segment elevatie op het ECG. We vonden geen verschil 
in overleving na één jaar tussen mannen en vrouwen. Vrouwen hadden wel minder vaak 
significante coronaire afwijkingen, maar wanneer coronaire hartziekte aanwezig was, 
hadden ze een slechtere overleving dan vrouwen zonder coronaire hartziekte. Bij man-
nen werd dit verschil niet waargenomen. Geen van beide seksen had voordeel van een 
onmiddellijke coronaire angiografie in vergelijking met een uitgestelde strategie met 
betrekking tot overleving na één jaar.
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Ten slotte hebben we in hoofdstuk 10 de kwestie van temperatuurregulatie bij 
OHCA-patiënten met een schokbaar ritme behandeld door patiënten te vergelijken 
die behandeld werden middels milde hypothermie (32.0˚-34.0˚C) of normothermie 
(36.0˚-37.0˚) in de COACT-studie. We vonden bij deze patiënten geen voordeel voor 
milde hypothermie ten opzichte van normothermie op 90-dagen overleving. Patiënten 
in de milde hypothermie groep hadden een langer verblijf op de intensive care (ICU), 
lagere bloeddrukken, hogere lactaatniveaus en een grotere behoefte aan inotropische 
ondersteuning. Cerebrale prestatiecategorie scores bij ontslag op de ICU en na 90 dagen 
verschilde niet tussen beide groepen. Tevens waren patiënt-gerapporteerde mentale en 
fysieke gezondheidsscores na één jaar vergelijkbaar tussen beide groepen.

Conclusie
Uit dit manuscript kunnen twee conclusies worden getrokken. Ten eerste kunnen pa-
tiënten met een transient STEMI worden behandeld met zowel een onmiddellijke als 
een uitgestelde invasieve strategie met een vergelijkbaar resultaat. De resultaten van 
dit proefschrift toonden aan dat patiënten met een transient STEMI een zeer beperkte 
infarctgrootte hebben en een relatief goede uitkomst, onafhankelijk van de timing van 
coronaire angiografie. Dit betekent dat logistieke overwegingen zoals het tijdstip van de 
dag en de beschikbaarheid van het katheterisatielaboratorium veilig kunnen worden 
meegenomen bij het kiezen van het optimale tijdstip voor interventie.

Ten tweede, bij patiënten die succesvol zijn gereanimeerd na OHCA met een schokbaar 
ritme en zonder tekenen van STEMI, verbetert een strategie van onmiddellijke angiogra-
fie de resultaten niet in vergelijking met een strategie van uitgestelde angiografie. De 
focus van de behandeling van deze patiënten, na de hartstilstand, moet daarom liggen 
op ondersteunende zorg op de ICU, inclusief temperatuur management.

De resultaten van zowel de TRANSIENT- als de COACT-studie komen overeen met andere 
studies die het effect van onmiddellijke coronaire interventie onderzochten bij ACS pa-
tiënten zonder aanhoudende ST-elevatie, en ook geen voordeel van een onmiddellijke 
invasieve strategie observeerden (1-3). Ofschoon uit twee onderzoeken is gebleken dat 
NSTEMI patiënten met een verhoogd risico baat zouden kunnen hebben bij een coro-
naire angiografie binnen 24 uur ten opzichte van een langer uitgestelde strategie (4, 5).

Het gunstige effect van een onmiddellijke PCI bij patiënten met STEMI is in het verleden 
echter wel gebleken en dit is daarom momenteel de behandeling van keuze (6). Een be-
langrijk verschil tussen patiënten met STEMI en patiënten met NSTEMI is de hogere kans 
op occlusie van de betreffende kransslagader, resulterend in verminderde myocardiale 
perfusie en aanhoudende infarcering bij patiënten met STEMI. De resultaten van onze 
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onderzoeken ondersteunen daarom het idee dat onmiddellijke PCI vooral ten goede 
komt aan patiënten die reperfusie therapie nodig hebben en minder aan patiënten 
waarbij de betreffende kransslagader open is.

ToeKoMsTPeRsPeCTIeVen

Op basis van de resultaten van de TRANSIENT-studie adviseren de huidige Europese 
richtlijnen voor de behandeling van acute coronaire syndromen bij patiënten die zich 
presenteren zonder aanhoudende ST-elevatie nu een invasieve strategie binnen 24 
uur voor patiënten met transient STEMI (7). Of dit de optimale timing is van coronaire 
angiografie bij patiënten met transient STEMI blijft een onderwerp van discussie. De me-
diane tijd tot coronaire angiografie in de uitgestelde groep in de TRANSIENT-studie was 
22.7 uur. Men zou kunnen veronderstellen dat dit onvoldoende tijd was voor de laesie 
om volledig te stabiliseren en peri-procedureel myocardinfarct te voorkomen, wat de 
noodzaak voor verder onderzoek suggereert. Een aantal onderzoeken heeft echter geen 
voordeel aangetoond van een “afkoelperiode” bij patiënten met NSTEMI. Bovendien 
rapporteerden deze onderzoeken een slechtere uitkomst bij NSTEMI-patiënten met een 
hoog risico (GRACE-score >140) die met een uitgestelde strategie werden behandeld in 
vergelijking met een vroege invasieve strategie (4, 5).

Omdat de waargenomen infarctgrootte in onze studie veel kleiner was dan de geschatte 
infarctgrootte die werd gebruikt voor het ontwerp van de studie, is een grotere studie 
nodig om superioriteit aan te kunnen tonen met betrekking tot infarctgrootte. Echter, 
gezien de zeer lage infarctgrootte in beide behandelgroepen, is het de vraag of een 
mogelijk verschil in infarctgrootte gemeten met CMR een klinische impact zal hebben.

De beperkte omvang van het infarct en de relatief gunstige klinische uitkomsten in onze 
studie zijn het resultaat van het zeer hoge aantal patente kransslagvaten, gerelateerd 
aan het infarct, dat in onze studie werd gevonden. Dit geeft de noodzaak aan voor verder 
onderzoek naar methoden om cardiale reperfusie te bereiken bij patiënten met STEMI 
nog vóór coronaire interventie.

Waarom sommige STEMI-patiënten reperfusie hebben vóór PCI, resulterend in norma-
lisatie van de ST-segmenten, terwijl bij andere patiënten ST-elevatie aanhoudt, blijft 
onduidelijk en behoeft meer onderzoek. In onze studie vonden we dat patiënten met 
transient STEMI een effectievere endogene fibrinolyse hadden. Andere factoren zoals 
coronairspasme kunnen ook een rol spelen. Dit wordt geïllustreerd door de 9% van de 
patiënten in onze studie zonder significante coronaire afwijkingen; een aandoening die 
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wordt aangeduid als myocardinfarct met niet-obstructieve kransslagaders (MINOCA) 
waarvan coronaire spasme een belangrijke etiologie is.

De COACT-studie vond geen voordeel van een onmiddellijke invasieve strategie bij suc-
cesvol gereanimeerde OHCA-patiënten zonder ST-elevatie op het ECG. Dit leidde tot een 
wijziging in de recente Europese richtlijnen voor de behandeling van acute coronaire 
syndromen bij patiënten die zich presenteren zonder aanhoudende ST-elevatie, waarin 
nu het advies luidt dat een uitgestelde, in tegenstelling tot onmiddellijke angiografie 
moet worden overwogen bij hemodynamisch stabiele patiënten zonder ST-elevatie 
die met succes zijn gereanimeerd na een hartstilstand (7). Op dit moment is dit echter 
een klasse IIa-aanbeveling met een bewijsniveau B. Meer grote gerandomiseerde on-
derzoeken naar de rol van onmiddellijke coronaire angiografie bij deze patiënten zijn 
daarom nodig om de bevindingen van de COACT-studie te onderbouwen. Onlangs zijn 
de resultaten van de TOMAHAWK-studie gepubliceerd (8). Deze gerandomiseerde studie 
had een vergelijkbare opzet en steekproefomvang als COACT, maar omvatte patiënten 
met zowel schokbare als niet-schokbare ritmes. Vergelijkbaar met de resultaten van de 
COACT vond de TOMAHAWK-studie geen voordeel van een onmiddellijke invasieve stra-
tegie bij patiënten na een hartstilstand zonder STEMI. Momenteel includeren de DISCO-, 
EMERGE- en ARREST-studie nog patiënten (9-11). Deze studies onderzoeken ook de rol 
van coronaire angiografie bij OHCA, naar hun resultaten wordt erg uitgekeken.

Het gebrek aan effect van een onmiddellijke invasieve strategie in de COACT-studie kan 
worden verklaard door het frequent voorkomen van een neurologische doodsoorzaak in 
onze studie, hetgeen waarschijnlijk niet wordt beïnvloed door de timing van coronaire 
angiografie. Daarnaast zal het lage percentage patiënten met een acute onstabiele coro-
naire laesie, die mogelijk wel gebaat zijn bij een onmiddellijk invasieve strategie, kunnen 
hebben bijgedragen aan het gebrek aan klinisch voordeel. Nu uit de COACT-studie en 
TOMAHAWK-studie is gebleken dat routinematig uitvoeren van onmiddellijke coronaire 
angiografie niet bij alle patiënten na een hartstilstand nodig is, moet toekomstig onder-
zoek zich richten op het identificeren van patiënten met een hoog risico op een ACS als 
oorzaak van de reanimatie, maar met een laag risico op overlijden als gevolg van een 
neurologische oorzaak.

Momenteel is de geprefereerde behandeling om neurologisch letsel te minimaliseren 
gericht op het reguleren van de lichaamstemperatuur. Gerandomiseerde onderzoeken 
hebben echter tegenstrijdige resultaten laten zien met betrekking tot de optimale 
strategie voor temperatuur regulatie (12-14). Dit verschil in effectiviteit is hoogstwaar-
schijnlijk het resultaat van een verschil in patiëntenpopulatie tussen de onderzoeken. 
Toekomstige studies moeten zich daarom richten op het identificeren van de optimale 
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strategie voor temperatuurmanagement voor verschillende patiëntengroepen of op 
meer specifieke neuroprotectieve farmacologische interventies.

Onlangs liet de kleine gerandomiseerde ARREST-studie veelbelovende resultaten zien 
ten gunste van extracorporale membraanoxygenatie (ECMO)-gefaciliteerde reanimatie 
vergeleken met standaard ACLS-behandeling bij patiënten met OHCA en refractaire ven-
triculaire fibrillatie (15). Onmiddellijke coronaire angiografie en PCI maakten deel uit van 
deze zeer invasieve strategie en hebben mogelijk bijgedragen aan het stabiliseren van 
de hemodynamiek en het verbeteren van uitkomsten in deze zeer hoog-risico subgroep 
van gereanimeerde patiënten. Verdere studies zijn nodig om de resultaten van ARREST 
te bevestigen en de rol van coronaire angiografie bij deze patiënten te identificeren.

Niettemin is een verdere afname van de responstijd en een verbetering van de kwaliteit 
van de respons door zowel patiënten, omstanders als zorgverleners de meest efficiënte 
manier om de overleving te verbeteren in de nog steeds zeer dodelijke situatie van een 
hartstilstand buiten het ziekenhuis. Nieuwe technologieën zoals eHealth, wearables en 
kunstmatige intelligentie zouden hierbij kunnen helpen.
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Dankwoord

Toen ik in 2014, naast mijn werkzaamheden als interventie cardioloog aan deze promo-
tie begon, dacht ik dat het wel eens een lang traject zou kunnen worden. Dat is zeker 
uitgekomen. Ik ben dus blij nu eindelijk mijn dankwoord te kunnen schrijven.

Aan zowel de TRANSIENT als de COACT studie hebben veel mensen meegewerkt en ik 
wil iedereen hier uiteraard voor bedanken. De belangrijkste groep is, wat mij betreft, de 
patiënten die aan de studies hebben deelgenomen en hun families. Ze werden plotse-
ling geconfronteerd met een acute levensbedreigende cardiale aandoening en stonden 
ondanks alle angst en onzekerheid die dat met zich meebracht, toch open voor deel-
name aan wetenschappelijk onderzoek. Zonder hen was dit proefschrift er simpelweg 
niet geweest. Verder wil ik uiteraard mijn collega’s, vrienden en familie bedanken voor 
hun steun de afgelopen jaren.

Prof. dr. A.C. van Rossum, promotor: Beste Bert, allereerst wil ik je bedanken voor het 
feit dat je me, ondanks mijn weinig academische profiel, destijds hebt aangenomen als 
staflid cardiologie in het VUmc. Blijkbaar zag je potentie. Daarnaast wil ik je bedanken 
voor de jaren dat je afdelingshoofd was van de afdeling cardiologie in het VUmc. Deze 
periode werd voor mij gekenmerkt door de goede werksfeer en de vele mogelijkheden 
tot ontwikkeling en groei, zowel voor mij persoonlijk als voor de afdeling. Deze promotie 
is hier dan ook een gevolg van. Hoewel we je nog dagelijks missen, wil ik je nogmaals 
veel plezier en succes wensen met je emeritaat en de werkzaamheden die je nog stiekem 
bent blijven doen.

Prof. dr. N. van Royen, promotor: Beste Niels, dat ik na mijn start in het VUmc toch nog 
aan een promotietraject gestart ben heeft voor een belangrijk deel met jou te maken. 
Jouw liefde en bevlogenheid voor de wetenschap werkt nu eenmaal aanstekelijk. We 
zijn aanvankelijk begonnen met de TRANSIENT studie maar daar kwam al snel de COACT 
studie bij. Beide gerandomiseerde multicenter studies, iets waar we toen niet echt veel 
ervaring mee hadden. Met een gezonde dosis “fake it until you make it” hebben we beide 
projecten tot een mooi einde gebracht. Dat was nooit gelukt zonder jouw begeleiding. 
Ik heb veel geleerd van je doorzettingsvermogen, wetenschappelijke ervaring en talent 
en daar wil ik je voor bedanken. Ik denk dan ook met warme gevoelens terug aan onze 
reisjes naar onder andere Parijs en New Orleans voor de presentatie van TRANSIENT 
en COACT als late breaking clinical trials. Even dreigde je er in New Orleans niet bij te 
kunnen zijn omdat Ronak rond die datum uitgerekend was om te bevallen. En hoewel 
ik nog het idee van een geplande keizersnede heb gesuggereerd (naar het voorbeeld 
van Johan Cruijff die ooit de “Classico” tegen Real Madrid niet wilde missen), leek het 
er op dat je er echt niet bij zou zijn. Dat de natuur soms mild is blijkt maar weer uit het 
feit dat kleine Nina gezond en wel, ruim voor de presentatie werd geboren en jij alsnog 
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naar New Orleans kon afreizen. Uiteraard ook mijn dank hiervoor aan Ronak en kleine 
Nina. Helaas ben je inmiddels al weer enige tijd weg uit Amsterdam. De mogelijkheid om 
afdelingshoofd in het Radboud UMC te worden was natuurlijk te mooi om niet op in te 
gaan. Ik denk dan ook dat we onder jouw leiding de komende tijd nog veel mooie dingen 
uit Nijmegen mogen verwachten en ik hoop nog veel met je te kunnen samenwerken.

Graag wil ik de leden van de promotiecommissie: prof.dr. S.A.J. Chamuleau, prof. dr. 
R. Klautz, prof. dr. A.R.J. Girbes, prof. dr. A. van het Hof, prof. dr. I.C. van Gelder en prof. 
dr. F. Zijlstra bedanken voor hun bereidheid om dit proefschrift te beoordelen en hun 
deelname aan de oppositie.

Gladys Janssens, Beste Gladys, ik weet nog goed hoe we samen in de begindagen kris 
kras door het land trokken op zoek naar centra die aan de COACT studie wilden deelne-
men. Jij hebt je vanaf het eerste begin enorm voor TRANSIENT en COACT ingezet en bent 
ontzettend belangrijk geweest voor het succesvol afronden van deze studies. Daarvoor 
wil ik je hartelijk bedanken. Ik ben dan ook blij dat dit zal resulteren in jouw eigen pro-
motie later dit jaar. Recentelijk heb je besloten huisarts te worden. Ongetwijfeld krijgen 
we er daarmee een uitstekende huisarts bij, maar gaat er naar mijn mening ook een 
geweldige cardioloog verloren.

Nina van der Hoeven, Beste Nina, hoewel aanvankelijk je interesse bij de intracoronaire 
fysiologie lag, ben ik blij dat je al snel ook ons team kwam versterken. Samen met Gladys 
was jij een belangrijk aanspreekpunt en aanjager van zowel de TRANSIENT als COACT 
studie en daar wil ik je hartelijk voor bedanken. Waar vergelijkbare studies in het bui-
tenland moesten stopen als gevolg van een langzame inclusie, denderde mede dankzij 
jou, de inclusie bij ons maar door. Inmiddels ben je gepromoveerd met een schitterende 
en vuistdikke thesis en ben je gestart met je opleiding tot cardioloog. Ik kijk dan ook uit 
naar onze verdere samenwerking in de toekomst.

Eva Spoormans, Beste Eva, jij bent zondermeer een waardig opvolgster van Gladys en 
Nina. Zeer voortvarend en vol enthousiasme heb jij je gestort op de COACT studie. Ik 
wil je daar graag voor bedanken en ik ben blij dat ook voor jou dit op korte termijn zal 
resulteren in je promotie.

Peter van der Ven, als staticus ben je ongelofelijk belangrijk voor ons geweest. Zelfs was 
je eens bereid om op zondagochtend in huis te komen om te helpen met een belangrijke 
rebuttal.

Dat doen maar weinig statistici je na. Dank daarvoor.
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Gezien het acute karakter van de TRANSIENT en COACT studie zijn veel patiënten bij 
nacht en ontij geïncludeerd. Dat vroeg veel van de verpleging en artsen op de CCU en 
HCK en daar wil ik ze voor bedanken. In het bijzonder wil ik mijn collega interventie car-
diologen, Yolande Appelman, Alexander Nap, Paul Knaappen, Niels Verouden en Koen 
Marques bedanken voor hun steun, inzet en goede samenwerking. Daarnaast gaat mijn 
dank ook uit naar de fellows interventie cardiologie die de afgelopen jaren in het VUmc 
zijn opgeleid; Maarten van Leeuwen, Dirk van der Heijden, Stefan de Haan, Sebastiaan 
Klein en Alexander den Hartog voor hun bijdragen aan de studies.

Hoewel zowel de TRANSIENT als de COACT studie interventie studies zijn, was er in 
beide een belangrijke rol voor cardiale imaging. Ik wil graag Ramon van Loon, Marco 
Gotte, Aernout Beek en Robin Nijveldt bedanken voor hun bijdragen. Robin, de seriële 
MRI’s in het TRANSIENT protocol verraden jou invloed in het ontwerp van deze studie.

Uiteraard wil ik ook mijn overige collega’s van de staf cardiologie van het Amsterdam 
Universitair Medisch Centrum bedanken voor hun steun. In het bijzonder Cor Allaart, 
mijn kamergenoot. Dank voor je luisterend oor en adviezen de afgelopen jaren.

Natuurlijk wil ik ook alle medewerkers van het klinisch research bureau van de afdeling 
cardiologie bedanken voor hun bijdragen bij het tot stand komen van beide studies. In 
het bijzonder Ellen Verduyn voor haar inzet voor TRANSIENT en Debby Aarsman en Iris 
Vegting voor hun medewerking aan COACT.

Graag wil ik verder het Netherlands Heart Institute bedanken voor hun logistieke en 
financiële steun aan de COACT studie.

Tevens wil ik alle site-investigators van de deelnemende centra en hun klinische en 
research teams bedanken. Mede namens hen hebben we TRANSIENT en COACT tot een 
goed einde kunnen brengen. Stijn Brinkman (Ter Gooi), Jorik Timmer (Isala), Martijn 
Meuwissen (Amphia) en Arno van der Weerdt (Medisch centrum Leeuwarden), dank voor 
jullie bijdragen aan de TRANSIENT studie. Lucia Jewbali (Erasmus medisch centrum), 
Martijn Meuwissen (Amphia), Hans Bosker (Rijnstate), Gabe Bleeker (Haga ziekenhuis), 
George Vlachojannis (Maasstad ziekenhuis), Pim van der Harst (Universitair Medisch 
Centrum Groningen), Michiel Voskuil (Universitair Medisch Centrum Utrecht), Bert 
Beishuizen (Medisch Centrum Twente), Cyril Camaro (Radboud Universitair Medisch 
Centrum), José Henriques (Amsterdam Universitair Medisch Centrum, locatie AMC), 
Maarten Vink (OLVG), Ton Heestermans (Noordwest Ziekenhuis), Thijs Delnoij (Maas-
tricht Universitair Medisch Centrum), Gillian Jessurun (Treant), Marcel Gosselink (Isala), 
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Koos Plomp (Ter Gooi) en Michael Magro (Elisabeth-TweeSteden Ziekenhuis), dank voor 
jullie medewerking aan de COACT studie.

Zoals het acroniem van de COACT studie al aangeeft is deze uitgevoerd in samenwerking 
met de afdeling intensive care geneeskunde . Daar ben ik erg dankbaar voor. In het bij-
zonder wil ik Heleen Oudemans- van Straaten bedanken die vanaf het begin betrokken 
was en Paul Elbers die het later van haar overgenomen heeft.

Beste Paul en Joost, samen gestart aan de studie geneeskunde en nog steeds goede 
vrienden. Ik ben blij met jullie als paranimfen aan mijn zijde.

Lieve Ewoud en Bregtje, ik ben blij dat jullie mijn broertje en zusje zijn. Hoewel we ieder 
inmiddels een eigen leven en gezin hebben, doen we nog veel dingen samen en dat is 
altijd als vanouds. Bedankt daarvoor.

Lieve mama, bedankt voor al je liefdevolle zorg. Zowel tijdens mijn jeugd als nu ook voor 
Karst en Saar.

Beste Herman, hoewel we gerust kunnen stellen dat mijn wetenschappelijke carrière rij-
kelijk laat tot bloei is gekomen, is het zaadje al vroeg gepland. Ik kan me nog herinneren 
dat toen ik als klein mannetje de Donald Duck uit de brievenbuis haalde daar ook altijd 
een wat mysterieus tijdschrift, verstuurd via air-mail en afkomstig uit Massachusetts, 
United States, voor jou bij lag. Dat dit tijdschrift veel meer was dan alleen maar de Donald 
Duck voor internisten, bleek wel uit het feit dat je het iedere week letterlijk ontleedde 
om de artikelen vervolgens op een voor mij onbegrijpelijke wijze te archiveren. Dit was 
immers nog in een tijd voor Internet of Pubmed. Je carrière heeft vele mooie publicaties 
gekend in tijdschriften als de Lancet en Nature, maar er was altijd “one that got away”. 
Niets mooiers dus om je op een gegeven moment op zijn Amerikaans te kunnen zeggen: 
“We got him”. Lieve papa, bedankt voor alles wat je voor me gedaan hebt.

En nu dat wat het meest telt. Lieve Ellen, dank voor al je liefde, ondersteuning en advies 
de afgelopen jaren. Ik hou van je, je bent de liefde van mijn leven. Lieve Karst en Saar, 
sinds we jullie gekregen hebben weet ik wat echt belangrijk is. Ik geniet iedere dag van 
ons leven samen en hou heel veel van jullie. Bedankt hiervoor.


