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Background: Immediate coronary angiography with subsequent percutaneous coronary intervention
(PCI) has the potential to reduce post-resuscitation myocardial dysfunction in out-of-hospital cardiac
arrest (OHCA) patients. The aim of this study was to see if immediate coronary angiography, with poten-
tial PCI, in patients without ST-elevation on the ECG, influenced post-resuscitation myocardial function
and cardiac biomarkers.
Methods: A secondary analysis of the Direct or Subacute Coronary Angiography in Out-of-Hospital
Cardiac Arrest (DISCO) trial (ClinicalTrials.gov ID: NCT02309151). Patients with bystander-witnessed
OHCA, without ST-elevations on the ECG were randomly assigned to immediate coronary angiography
within two hours of cardiac arrest (n = 38) versus standard-of-care with deferred angiography
(n = 40). Outcome measures included left ventricle ejection fraction (LVEF) at 24 h, peak Troponin T
levels, lactate clearance and NT-proBNP at 72 h.
Results: In the immediate-angiography group, median LVEF at 24 h was 47% (Q1-Q3; 30–55) vs. 46%
(Q1-Q3; 35–55) in the standard-of-care group. Peak Troponin-T levels during the first 24 h were
362 ng/L (Q1-Q3; 174–2020) in the immediate angiography group and 377 ng/L (Q1-Q3; 205–1078) in
the standard-of-care group. NT-proBNP levels at 72 h were 931 ng/L (Q1-Q3; 396–2845) in the
immediate-angiography group and 1913 ng/L (Q1-Q3; 489–3140) in the standard-of-care group.
Conclusion: In this analysis of OHCA patients without ST-elevation on the ECG randomized to immediate
coronary angiography or standard-of-care, no differences in post-resuscitation myocardial dysfunction
parameters between the two groups were found. This finding was consistent also in patients randomized
to immediate coronary angiography where PCI was performed compared to those where PCI was not
performed.

� 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Post-resuscitation myocardial dysfunction (PRMD) occurs in a
substantial proportion of patients after successful return of sponta-
neous circulation (ROSC) [1,2] in cases of out-of-hospital cardiac
arrest (OHCA). PRMD has been defined as impairment of left-
ventricle systolic function, high serum concentrations of cardiac
biomarkers and a need of vasoactive drugs. The PRMD is often tran-
sient and reversible [3,4]. If PRMD is persistent after 72 h, it is asso-
ciated with worse prognosis [5]. The severity and the reversibility
of PRMD is affected by the underlying cause of the cardiac arrest,
for example coronary occlusion with subsequent myocardial
injury. PRMD with myocardial stunning can occur without evi-
dence of coronary occlusion and might be the result of global
ischemia occurring during resuscitation [6]. Thus, measurements
of myocardial function and of cardiac biomarkers during the
post-resuscitation period may provide important diagnostic and
prognostic information [7].

Immediate coronary angiography with subsequent percuta-
neous coronary intervention (PCI) has the potential to reduce the
myocardial infarction area, improve left-ventricle ejection fraction
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(LVEF) and hemodynamic performance in the initial phase of the
post-resuscitation period.

We have recently published results concerning the initial phase
of the Direct or Subacute Coronary Angiography in Out-of-Hospital
Cardiac Arrest (DISCO) trial (ClinicalTrials.gov ID: NCT02309151),
where 78 patients with bystander-witnessed OHCA, and without
ST-elevations on the ECG were randomly assigned to immediate
coronary angiography versus standard of care [8].

The aim of this secondary analysis was to study if immediate
coronary angiography with potential PCI influences markers of
PRMD such as left-ventricular ejection fraction, biomarkers and
lactate clearance in OHCA patients compared with those admitted
to an intensive care unit (ICU) without receiving immediate coro-
nary angiography.
2. Methods

This is a predefined secondary analysis of the initial phase of the
DISCO study, of which the trial design [9] and results [8] have been
published previously. The initial phase of the DISCO study was a
multicenter, randomized clinical trial investigating feasibility and
safety aspects in OHCA patients without ST-elevation when ran-
domized to either immediate coronary angiography within two
hours of the cardiac arrest or standard of care in the ICU with a
potential coronary angiography performed at a later stage (i.e. after
three days).

LVEF was measured 24 h after hospital arrival. Other measure-
ments were Troponin levels at hospital admission and peak Tro-
ponin levels, NT-proBNP levels at ICU admission and 72 h after
the cardiac arrest, and lactate clearance at six hours and 24 h after
hospital arrival.

In a subgroup of patients randomized to immediate angiogra-
phy, we compared outcome measures between those that under-
went PCI versus no PCI.

An additional 39 patients were followed in the observational
ST-elevation non-randomized group (see supplementary Tables).
This observational group was also compared as regards outcome
measures between those that underwent PCI versus no PCI.

The DISCO study was approved by the regional ethics commit-
tee in Stockholm, Sweden (Identification Number 2014/1139-31/2)
and is registered at ClinicalTrials.gov (NCT02309151).
2.1. Patients

Witnessed-OHCA patients over 18 years of age with ROSC
admitted alive to hospital were screened by means of 12-lead
ECG as early as possible. Patients without ST-segment elevation
or presumed new left-bundle branch block were eligible for ran-
domization. Exclusion criteria included obvious non-cardiac
causes, terminally ill patients with a life expectancy less than
one year, expected time to coronary angiography more than
120 min, known pregnancy and patients not unconscious (Glasgow
coma scale > 8).
2.2. Data collection

Data collection was performed according to a prespecified clin-
ical report form (CRF). Coronary angiography and PCI data were
collected from the Swedish Coronary Angiography and Angioplasty
Register (SCAAR). Fluid administration, vasopressor and inotrope
support was given at the discretion of the treating physician at
each hospital, guided by standard procedures for hemodynamic
support. No prespecified targets of blood pressure or heart rate
were given as a result of the pragmatic design of the study. The
need of vasopressors and inotropes was recorded for the first seven
days unless the patient died before that.

3. Outcome measurements

3.1. LVEF at 24 h

Transthoracic echocardiography was performed by an
echocardiographic-certified cardiologist in the intensive care unit
to evaluate cardiac function at 24 h after the cardiac arrest. The
echocardiographic examination was performed as close as possible
to 24 h after the cardiac arrest and if this time-point occurred dur-
ing the night it was permitted to perform the examination in the
morning. Regional wall motion abnormalities of the left ventricle
were analyzed, and the ejection fraction was calculated using the
modified Simpson’s method.

3.2. Peak level of high-sensitivity cardiac troponin T (hs-cTnT)

Hs-cTn is a biomarker of myocardial injury mainly used for
diagnosing myocardial infarction. Concetrations of hs-cTn were
measured in the first blood sample in the emergency room imme-
diately after ROSC and further at 6 h, 12 h and 24 h. The Elecsys hs-
cTnT assays (Roche Diagnostics, Basel, Switzerland) were used for
evaluation.

3.3. N-terminal pro-B-type natriuretic peptide (NT-proBNP) at ICU
admission and at 72 h

NT-proBNP is expressed in the heart and brain and is used as a
biomarker when evaluating and diagnosing heart failure. NT-
proBNP was collected at admission to the ICU and at 72 h if the
patient was still alive. The Elecsys NT-pro BNP assays (Roche Diag-
nostics, Basel, Switzerland) were used for evaluation.

3.4. Lactate clearance at 6 h and 24 h

Arterial lactate levels were measured in the emergency room
and every four hours in the ICU. Lactate clearance was calculated
as lactate 6-hour lactate clearance (%), i.e. 100 � (initial lactate –
6-hour lactate) / initial lactate. Lactate clearance was also exam-
ined at 24 h. Lactate blood-gas analyzers were not standardized
across the participating hospitals.

3.5. Statistics

Categorical variables are presented as numbers and percent-
ages. Continuous variables are presented as medians and
interquartile ranges (IQRs). Differences between the randomized
groups were analyzed using the Chi-square test for categorical
variables and the Mann-Whitney U test for continuous variables.
All statistical analyses were performed using STATA software
(StataCorp).

4. Results

A total of 78 patients were randomized from January 1, 2015 to
October 15, 2017 of which 38 to the immediate-angiography group
and 40 in the standard-of-care group (Fig. 1). No major differences
in baseline characteristics between the groups were found. Previ-
ous myocardial infarction, previous PCI and diabetes were numer-
ically more frequent in the standard-of-care group. Known heart
failure, previous stroke, and previous cancer were numerically
somewhat more frequent in the immediate-angiography group
(see Table 1). The median time from randomization to coronary



Fig. 1.
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angiography was 69 min (IQR; 42–94 min) in the immediate
angiography group. Two patients with ECG results classified as
normal ECG were included and randomized to immediate coronary
angiography but after a second interpretation of the ECG the
patients were found to have ST-elevation. There was no difference
between the groups regarding the need for vasopressors and ino-
tropes (see Supplementary appendix Table 2).

Baseline data for the observational, non-randomized, ST-
elevation patients are also presented in the Supplementary Appen-
dix, Table 1.

4.1. Left Ventricular ejection fraction

There was no significant difference between the groups in LVEF
observed 24 h after the cardiac arrest, with a mean LVEF of 47%
(Q1-Q3; 30–55%) in the immediate-angiography group compared
with 46% (Q1-Q3; 35–55) in the standard-of-care group (Table 2).

Within the subgroup of patients randomized to immediate
angiography (n = 38) when comparing those that underwent PCI
(n = 15) vs. no PCI (n = 23), the median LVEF at 24 h was 50% in
the revascularized patients vs. LVEF 45% in those with immediate
angiography where PCI was not performed (Table 3).

4.2. High-sensitivity cardiac Troponin

In the immediate-angiography group, the median peak hs-cTnT
level was 362 ng/L (Q1-Q3; 174–2020), compared with 377 ng/L
(Q1-Q3; 205–1078) in the standard-of-care group. There was no
difference in the hospital-admission hs-cTnT levels when compar-
ing the two groups (Table 2).

In the subgroup of patients randomized to immediate angiogra-
phy (n = 38), when comparing those that underwent PCI (n = 15)
vs. those that did not (n = 23), the median hospital-admission
Hs-cTn level was 102 ng/L (Q1-Q3; 29–789) in patients that under-
went PCI vs. 49 ng/L (Q1-Q3; 23–127) in patients that did not. Peak
levels were 1395 ng/L vs. 227 ng/L (Table 3).

4.3. NT-proBNP

Median NT-proBNP levels at ICU admission were 931 ng/L
(Q1-Q3; 396–2845) in the immediate- angiography group and
1431 ng/L (Q1-Q3; 160–2390) in the standard-of-care group. After
72 h, the NT-proBNP levels were 931 ng/L (Q1-Q3; 396–2845)
in the immediate-angiography group vs. 1913 ng/L (Q1-Q3;
489–3140) in the standard-of-care group (Table 2).

In the subgroup of patients randomized to immediate angiogra-
phy, when comparing those that underwent PCI vs. no PCI, NT-
proBNP levels were 1260 ng/L (Q1-Q3; 773–3200) at 72 h (PCI)
vs 939 ng/L (Q1-Q3; 400–4030) in the group without PCI (Table 3).

4.4. Lactate clearance

In the immediate-angiography group, lactate clearance at six
hours was 70.7% (Q1-Q3; 56.0–79.5) compared with 75.2% (Q1-



Table 1
Baseline characteristics.

Group of characteristics Characteristics No ST elevation

Immediate CAG
n = 38

Standard care
n = 40

Age years median (Q1-Q3) 71 (62–78) 70 (61–77)
Male 22 (57.9%) 31 (77.5%)

Pre-hospital characteristics Location of arrest-Home 22 (57.9%) 25 (62.5%)
Bystander CPR 28 (73.7%) 30 (75.0%)
Initial rhythm VT/VF 20 (52.6%) 22 (55.0%)
Initial rhythm asystole 8 (21.1%) 4 (10.0%)
Initial rhythm PEA 7 (18.4%) 13 (32.5%)
Initial rhythm unknown 3 (7.9%) 1 (2.5%)

Medical history Ischemic heart disease 9 (23.7%) 10 (25.0%)
Previous myocardial infarction 6 (15.8%) 8 (20.0%)
Previous PCI 4 (10.5%) 7 (17.5%)
Previous CABG 3 (7.9%) 3 (7.5%)
Heart failure 7 (18.4%) 6 (15.0%)
COPD 7 (18.4%) 7 (17.5%)
Previous Stroke 6 (15.8%) 4 (10.0%)
Cancer 7 (18.4%) 6 (15.0%)
Diabetes 6 (15.8%) 10 (25.0%)

Measurements at emergency room Pulse rate, bpm, median, (Q1-Q3) 95 (80–117) 90 (73–111)
Systolic blood pressure (mmHg) median (Q1-Q3) 130 (107–149) 125 (109–161)
Glasgow Coma Scale, median (Q1-Q3) 3 (3–4) 3 (3–3)
Troponin-T (ng/L) at admission to hospital, median (Q1-Q3) 51 (25–149) 54 (23–92)

First arterial blood gas pH (Q1-Q3) 7.2 (7.1–7.3) 7.2 (7.1–7.3)
PaO2 (kPa), median, (Q1-Q3) 16.2 (11.1–39.8) 18.5 (12.1–35.4)
PaCO2 (kPa) median (Q1-Q3) 5.7 (4.7–8.5) 5.9 (5.1–8.0)
Lactate (mmol/l) at admission, median (Q1-Q3) 7.9 (5.7–9.9) 7.5 (5.7–9.7)

Presenting ECG ST-elevation 2 (5.2%) 0 (0%)
ST-depression 5 (13.2%) 6 (15.0%)
Right bundle branch block 10 (26.3%) 7 (17.5%)
Known Left bundle branch block 5 (13.2%) 4 (10.0%)
New Left bundle branch block 0 (0%) 1 (2.5%)
Q-wave 1 (2.6%) 1 (2.5%)
T-wave inversion 1 (2.6%) 2 (5.0%)
Other, incl normal 13 (34.2%) 16 (40.0%)

ECG rhythm Sinus rhythm 26 (68.4%) 25 (62.5%)
Atrial fibrillation 9 (23.7%) 11 (27.5%)
Ventricular tachycardia 1 (2.6%) 0 (0%)
Other, incl AV-block 2 (5.2%) 3 (7.5%)

Categorical variables are presented as numbers (%). Continuous variables are presented as medians (Q1-Q3). Abbreviations: CPR: Cardio pulmonary resuscitation, VT:
Ventricular Tachycardia, VF: Ventricular fibrillation, PEA: Pulseless electric activity, PCI: Percutaneous coronary intervention, CABG: Coronary artery bypass grafting, COPD:
Chronic obstructive pulmonary disease.

Table 2
Outcome measures.

Outcome measures No ST elevation P-value

Immediate CAG
n = 38

Standard care
n = 40

Ejection Fraction (%) median (Q1-Q3) at 24 h 47 (30–55) [n = 28] 46 (35–55) [n = 30] 0.74
Troponin-T (ng/L) peak value, median (Q1-Q3) 362 (174–2020) [n = 31] 377 (205–1078) [n = 31] 0.77
NT-proBNP (ng/L) at ICU admission, median (Q1-Q3) 749 (356–2945) [n = 28] 1431 (160–2390) [n = 26] 0.75
NT-proBNP (ng/L) at 72 h, median (Q1-Q3) 931 (396–2845) [n = 20] 1913 (489–3140) [n = 17] 0.64
Lactate clearance at 6 hours1, (%) 70.7 (56.0–79.5) [n = 30] 75.2 (68.1–85.0) [n = 34] 0.08
Lactate clearance at 24 h1, (%) 81.5 (75.0–88.0) [n = 26] 79.5 (66.0–85.4) [n = 32] 0.31

1 Lactate clearance at xh was calculated as (Lactate at admission – Lactate at xh)/Lactate at admission * 100. Continuous variables are presented as medians (Q1-Q3). Mann-
Whitney U test for continuous variables.
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Q3; 68.1–85.0) in the standard-of-care group (p = 0.08). The
lactate-clearance difference between the groups was less at 24 h,
the figures being 81.5% (immediate-angiography group) and
79.5% (standard-of-care group) (Table 2).

5. Discussion

In patients with ROSC after OHCA randomized to immediate
coronary angiography with the possibility for PCI after OHCA we
found no significant differences in LVEF at 24 h after the arrest
or levels of cardiac biomarkers or lactate clearance within three
days compared with patients randomized to standard-of-care with
deferred angiography. This study sheds light on the very early
phase after ROSC and not the effect of PCI on LV function during
the whole hospitalization period and beyond.

5.1. Left ventricular ejection fraction

Coronary angiography and PCI have the potential to increase
myocardial contractility in the post resuscitation-phase. When
measuring LVEF at 24 h we detected no difference between the
groups. Using PCI as a surrogate marker of a culprit lesion or a



Table 3
Impact of PCI in patients undergoing immediate angiography divided in four subgroups.

No ST-elevation ST-elevation

Outcome measures Immediate coronary
angiography – PCI
n = 15

Immediate coronary
angiography – no PCI
n = 23

P-value Observation – PCI
n = 26

Observation –
no PCI
n = 13

P-value

Ejection Fraction (%) at 24 h,
median, (Q1-Q3)

50 (30–55) [n = 11] 45 (40–55) [n = 17] 0.80 45 (33–55)
[n = 20]

40 (34–50)
[n = 10]

0.72

Troponin T (ng/L) at hospital admission,
median (Q1-Q3)

102 (29–789) [n = 14] 49 (23–127) [n = 17] 0.14 173 (53–903)
[n = 22]

93 (31–264)
[n = 12]

0.14

Troponin T (ng/L) peak value,
median (Q1-Q3)

1395 (408–2500) [n = 14] 227 (145–379) [n = 17] 0.04 3100 (903–8650)
[n = 22]

854 (463–1820)
[n = 12]

0.03

NTproBNP (ng/L) at ICU admission,
median (Q1-Q3)

870 (250–3160) [n = 11] 1274 (373–2945) [n = 17] 0.67 380 (111–1490)
[n = 20]

1355 (67–3110)
[n = 10]

0.83

NTproBNP (ng/L) at 72 h,
median (Q1-Q3)

1260 (773–3200) [n = 7] 939 (400–4030) [n = 13] 1.0 1260 (934–1953)
[n = 18]

975 (422–1821)
[n = 8]

0.33

Lactate clearance at 6hb

median, (Q1-Q3)
64.3 (37.8–78.5) [n = 10] 71.1 (60.6–76.3) [n = 20] 0.33 71.3 (54.2–79.6)

[n = 24]
83.9 (76.1–87.9)
[n = 11]

0.01

Lactate clearance at 24hb

Median, (Q1-Q3)
80.5 (70.4–88.8) [n = 11] 83.6 (79.3–86.7) [n = 15] 0.50 75.7 (66.7–86.8)

[n = 24]
85.1 (79.8–88.7)
[n = 11]

0.07

Lactate clearance at xh was calculated as (Lactate at admission – Lactate at xh)/Lactate at admission * 100. Continuous variables are presented as medians (Q1-Q3). Mann-
Whitney U test for continuous variables.
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recently occluded coronary vessel, we compared patients random-
ized to immediate coronary angiography where PCI was performed
with patients in this group that did not undergo PCI and noted that
the LVEF was numerically slightly higher in those patients where
PCI was performed. This finding needs to be explored in a larger
population. The median post-resuscitation LVEF in our study was
46% which was is similar to a report by Jentzer et al. [10] but
slightly higher than that reported by Bro-Jeppesen et al. (median
LVEF of 40% at day one after the arrest) [11]. This could be
explained by the high proportion of ST-elevation-patients in their
study.

5.2. Cardiac biomarkers

In the absence of ST-elevation on the presenting ECG after
ROSC, hs-cTn has the potential, as a diagnostic tool, to detect a
recent coronary event [12,13]. However, elevated Troponin levels
are observed in most resuscitated OHCA patients admitted alive
to hospital [7], either as a consequence of a coronary event or a
result of the cardiac arrest itself and resuscitation efforts.

As expected, we detected elevated hs-cTnT levels in all OHCA
patients after resuscitation. Hs-cTnT has high sensitivity as regards
cardiomyocyte injury and high sensitivity for myocardial infarc-
tion, but at the price of low specificity [14]. However, the median
level of hs-cTnT in the first-collected blood sample was lower in
this study than in that reported by Geri et al. [12], being 52.5 ng/
L in our study compared with 551 ng/L in the study conducted
by Geri et al. [12]. One explanation could be that in the present
study the first blood sample was collected earlier, immediately
after ROSC in the emergency room and before coronary angiogra-
phy had been performed. In the observational study by Geri et al.
the blood sample was collected after coronary angiography.

When comparing patients who underwent PCI vs no PCI we
noted that the median Hs-cTnT level in the first-collected blood
sample, taken before coronary angiography, was higher in patients
who underwent PCI (102 ng/L vs. 49 ng/L. However, in prior studies
the initial Troponin levels after ROSC have shown a low positive
predictive value as regards recent coronary events after cardiac
arrest [12,15]. Hs-cTnT levels and the timing of multiple samples
early during the treatment needs to be explored further in order
to be able be to use Hs-cTnT as a tool to identify whether the car-
diac arrest may be of ischemic origin, and if there could be a poten-
tial benefit with revascularization.
None of the differences in NT-proBNP levels were statistically
significant. However, when comparing NT-proBNP levels
between the randomized groups, the levels were numerically
higher in the immediate-angiography group at ICU admission
and after 72 h.
5.3. Lactate clearance

Blood lactate concentrations may be considered as a marker of
prolonged hypoperfusion or poor resuscitation. The results of some
studies have suggested that lactate clearance during the first phase
of post-resuscitation care may correlate with a more favorable out-
come [16–19].

In our population, concerning OHCA patients without ST-
elevation on admission, lactate clearance at six hours was faster
than in some other studies [18,20] which have included broader
populations including patients with ST-elevation, who are more
prone to hemodynamic instability.

Studies in post-cardiac-arrest patients, have shown that rapid
lactate clearance is favorable and is associated with a better out-
come, both in terms of a lower mortality rate and a better neuro-
logical function [16,18]. However, lactate clearance could be a
misleading expression, partly since lactate levels are dependent
on both production and elimination. It is a balance and is thus
more complex than the word clearance suggests [21]. In the pre-
sent study the use of target temperature management (TTM) was
relative low and applied in 55% of the patients in the immediate-
angiography group compared with 75% in the standard-of-care
group. TTM 33 �C is associated with elevated lactate levels, a low
cardiac index and increased doses of vasopressors [1,11]. The pro-
portion TTM 33 �C patients in the present study, as well as those
not receiving any TTM at could have influenced our lactate-
clearance and LVEF results.

How common is PRMD in the absence of preexisting or acute
ischemic cardiomyopathy? Cha et al. excluded cardiac etiology
and reported that only 20% of their patients had signs of PRMD,
defined as reduced global left ventricle systolic function [22]. This
may imply that a considerable amount of the PRMD is due to pre-
existing or new coronary/cardiac events.

In comparison with previously published studies, in this study
we compared prospectively collected data in randomized patients,
which eliminates the risk of confounding factors.
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5.4. Limitations

The potential benefit of immediate coronary angiography when
assessing LVEF at 24 h is probably because of revascularization of a
culprit lesion by means of PCI. The main purpose of this secondary
analysis was to describe myocardial dysfunction during the early
phase after ROSC. LVEF has the potential to improve during the
months after revascularization, but long-term follow-up was not
in the scope of this study. The small sample size and the low rate
of PCI in this study make it difficult to find an effect on LVEF. Fur-
thermore, 25% of the patients had no echocardiographic examina-
tion at 24 h either because of early withdrawal of life-sustaining
treatment for ethical reasons or missing examinations for other
reasons. Factors with a potential influence on NT-proBNP and Tro-
ponin levels, such as pre-existing heart failure, age and kidney
function could have influenced the levels of these cardiac
biomarkers.

6. Conclusion

In this secondary analysis of OHCA patients without ST-
elevation on the ECG randomized to immediate coronary angiogra-
phy or standard-of-care, we found no significant differences in
post-resuscitation myocardial dysfunction parameters between
the groups. This finding was consistent also in patients randomized
to immediate coronary angiography where PCI was performed
compared to those where PCI was not performed.
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