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Abstract

Background: Cardiac troponin is routinely tested in the post-cardiac arrest setting, but its utility in identifying ischaemic aetiology and predicting left
ventricular systolic dysfunction (LVSD) and survival is not known.

Methods: In a retrospective single center registry, we identified 145 consecutive patients who had achieved return of spontaneous circulation after
cardiac arrest and had undergone serial cardiac troponin T (cTnT) testing, echocardiogram, and expert adjudication of aetiology. Initial and peak cTnT
were evaluated for assessing ischaemic aetiology, LVSD, and survival to discharge using area under the receiver operating characteristic curve
(AUROC).

Results: Mean age was 61 & 14 years and 71% were men. Of the 145 arrests, 19% had an ischaemic aetiology, 68% had LVSD post-arrest, and 55%
survived to discharge. All patients had a positive initial cTnT at 0.01 ng/mL (clinical cut-off). Even at higher cut-offs of 10x, 100x and 1000x, initial cTnT
performed poorly (AUROC 0.57, 0.56, and 0.56) and peak cTnT performed modestly (AUROC 0.55, 0.61, and 0.62) as diagnostic tests for ischaemic
aetiology. Similarly, even at higher cut-offs, initial (AUROC 0.60, 0.62, 0.55) and peak (AUROC 0.57,0.61, and 0.62) cTnT performed poorly to modestly
at predicting LVSD. The test performed poorly for predicting survival to discharge (AUROC for all <0.6).

Conclusions: At both current and several-fold higher thresholds, cTnT does not perform sufficiently well to guide clinical decision-making or predict
patient outcomes. Routine post-cardiac arrest testing of cTnT should be reevaluated.

Keywords: Cardiac troponin T, Post cardiac arrest, Cardiac ischaemia, Left ventricular, systolic dysfunction, Survival

ST-segment elevations in the post-arrest period, even in the
setting of obstructive coronary artery disease.® ECG diagnosis of
AMI in this population may be complicated by the presence of
persistent left-bundle-branch-block and/or non-Q-wave myocardi-

Background

Nearly 350,000 people in the US and approximately

6,000,000 people globally suffer cardiac arrest annually, with
acute myocardial infarction (AMI) the most common aetiology. "2
However, the identification of those among this population who
may have coronary ischaemia and require immediate percutane-
ous coronary intervention (PCI) is challenging. Electrocardio-
grams (ECG), the usual initial diagnostic test in the evaluation
of coronary ischaemia/infarction, do not reliably demonstrate

al infarction.*® Other symptoms such as chest pain are difficult to
discern, making accurate diagnosis difficult.*>” PCI has been
associated with improved outcomes in patients with AMI who
achieve ROSC.*” Consequently, treatment guidelines now
recommend urgent coronary angiography after successful return
of spontaneous circulation (ROSC) in individuals with suspected
AMI, even without evidence of ST-elevation on ECG.®
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Identifying patients who require immediate PCI after ROSC
remains problematic, given non-specific clinical symptoms and low
predictive values of ECG. Cardiac troponin T (cTnT) is a marker of
myocardial injury that is routinely used in the evaluation of acute
coronary syndrome, and is the most sensitive and specific marker for
diagnosis of AML.° The role of cTnT in determining aetiology of cardiac
arrest and prognosticating outcomes in this population remains
relatively unknown. Events other than coronary ischaemia may
underlie elevations in c¢TnT levels after cardiac arrest, including
mechanical injury to the myocardium from cardiopulmonary resusci-
tation (CPR) or decreased coronary blood flow from cardiac arrest.®'°
This complicates post-ROSC treatment guidelines concerning the
decision to perform coronary angiography.'"2

Here, we sought to assess the sensitivity and specificity of cTnT in
the post-arrest setting, with regards to (1) the identification of an
ischaemic aetiology, (2) prognostication of post-arrest left ventricular
systolic dysfunction (LVSD) and (3) prediction of survival to hospital
discharge.

Methods

We constructed a retrospective cohort of 145 consecutive patients
admitted to the intensive care unit (ICU) at Tufts University Medical
Center who had achieved return of spontaneous circulation (ROSC)
after undergoing either in-hospital or out-of-hospital cardiac arrest. All
patients had undergone serial assessment of cTnT during ICU care
after achieving ROSC. These cTnT were obtained from chart review.
For the purposes of our study, the first cTnT on arrival to the ICU was
referred to as the “initial” troponin. “Peak” cTnT, the highest recorded
cTnT during hospitalization, was also recorded. Standard troponin
assay protocol was followed, wherein cTnT levels were tested every
6 h. The number of tests before peak cTnT levels were reached were
not recorded.

Two cardiologists independently adjudicated the aetiology of
cardiac arrest for all patients, and any discrepancies were resolved
with mutual agreement. A transthoracic echocardiogram (TTE) had
also been performed on all patients to assess presence of LVSD,
defined as regional or generalized wall-motion abnormalities of left
ventricular myocardium. Ejection fraction (EF) during the first 24-h
period following cardiac arrest was measured. Lastly, survival to
hospital discharge was also recorded.

Values of cTnT were iteratively evaluated at different thresholds to
define a positive value, including 0.01 ng/mL (clinical cutoff), 0.1 ng/
mL (10x clinical cutoff), 1.0 ng/mL (100 x clinical cutoff), and 10 ng/mL
(1000x clinical cutoff), to determine their clinical utility in predicting
outcome variables using area under the receiver operating charac-
teristic curves (AUROC).

Statistical analyses were conducted at the University of Texas
Southwestern Medical Center using SAS software, release 9.3 (SAS
Institute, Cary, NC) for Windows (Microsoft, Redmond, Washington).
P < 0.05 was set as the level of statistical significance, and tests were
two-sided.

Results

The average age of the cohort was 61 + 14 years, and 71% (103/145)
were male (Table 1). Nineteen percent (28/145) of the arrests had an
acute ischaemic aetiology, 68% (99/145) developed LVSD following

Table 1 - Cohort characteristics.

N 145

Age (Mean + SD) 61+ 14 years
Men 71%
Coronary artery disease 36%

Initial creatinine (Mean + SD) 19+1.8

LV dysfunction 68%

STEMI 19%
Ischaemic aetiology 54%

Survival to discharge 55%

Cardiac arrest characteristics
Cardiac arrest type

VT/VF 57%
PEA/asystole 43%
In-hospital location 45%

Initial troponin T

Median, IQR in ng/mL 0.45 (0.12-4.06)
>0.01 (clinical cut-off) 100%

>0.1 (10x) 76%

>1 (100x) 43%

>10 (1000%) 17%

Peak Troponin T

Median, IQR in ng/mL 5.84 (0.56-32.46)
>0.01 (clinical cut-off) 100%

>0.1 (10x) 91%

>1 (100x) 68%

>10 (1000x) 46%

Abbreviations: SD: standard deviation; LV: left ventricle; STEMI: ST
elevation myocardial infarction; VT: ventricular tachycardia; VF: ventricular
fibrillation; PEA: pulseless electrical activity; IQR: inter-quartile range.

cardiac arrest, and 55% (80/145) survived to hospital discharge.
Overall mean EF after arrest was 39% [Standard deviation (SD) 18%].
Among those with LVSD, mean EF was 31% (SD 15%). On
echocardiography, 22% (32/145) had anterior/apical hypokinesis,
21% (31/145) had posterior/inferior hypokinesis, 5% (7/145) had
septal hypokinesis, and 19% (28/145) had global hypokinesis, while
32% (47/145) did not exhibit any wall motion abnormalities. Median
initial cTnT was 0.4 ng/mL (IQR 0.1-4.1) and peak cTnT was 5.8 ng/
mL (IQR 0.7-32.5). Compared to those with a non-ischaemic
aetiology, an ischaemic aetiology was associated with a 4-fold higher
initial (median [IQR] 0.24 [0.04-1.9] vs 0.9 [0.2-9.0]) and an 8-fold
higher peak (1.5 [0.3-23.7] vs 12.6 [2.2-43.8]) cTnT (p <.01), with
wide variation in cTnT levels in both groups (Table 2). Further,
compared to patients without LVSD, those with LVSD had a 6-fold
higher initial (0.2 [0.04-1.4] vs 1.2 [0.2-6.1]) and a 9-fold higher peak
(1.3[0.2-12.6] vs 11.6 [1.3-43.8]) cTnT (p < .01). Survivors and non-
survivors had similar initial cTnT (0.4 [0.1-3.9] vs 0.6 [0.1-4.4]) and
peak cTnT (4.8 [0.5-26.1] vs 11.4 [1.2-32.7]) levels.

All patients had a positive initial cTnT at 0.01 ng/mL (clinical cut-
off), 76% (110/145) at 0.1 ng/mL (10x), 43% (63/145) at 1.0 ng/mL
(100x),and 17% (25/145) at 10 ng/mL (1000 x). All patients also had a
positive peak cTnT at 0.01 ng/mL (clinical cut-off), 91% (132/145) at
0.1 ng/mL (10x), 68% (99/145) at 1.0ng/mL (100x), and 46% (67/
145) at 10 ng/mL (1000x).

At higher cut-offs of 10x, 100x, and 1000x of the clinical cut-off,
initial cTnT performed poorly (AUROC 0.57, 0.56, and 0.56), and peak
cTnT performed modestly (AUROC 0.55, 0.61, and 0.62) as
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Table 2 - Cardiac troponin t levels by outcome.

Initial troponin, Median (IQR), ng/mL

Yes No
Ischaemic aetiology 0.9 (0.2-9.0) 0.24 (0.04-1.9)
LV dysfunction’ 1.2 (0.2-6.1) 0.2 (0.04-1.4)
Survived 0.4 (0.1-3.9) 0.6 (0.1-4.4)
Peak troponin, Median (IQR)
Yes No
Ischaemic aetiology” 12.6 (2.2-43.8) 1.5 (0.3-23.7)
LV dysfunction 11.6 (1.3-43.8) 1.3 (0.2-12.6)
Survived 4.8 (0.5-26.1) 11.4 (1.2-32.7)

Abbreviations: IQR: inter-quartile range; LV: left ventricle.
" p-value <0.01.

diagnostic tests for ischaemic aetiology (Fig. 1). Similarly, even at
higher cut-offs, initial (AUROC 0.60, 0.62, 0.55) and peak (AUROC
0.57,0.61, and 0.62) cTnT performed poorly to modestly at predicting
LVSD. The test performed poorly for predicting survival to discharge,
and AUROC for all troponin thresholds was 0.5.

Discussion

In this single-center cohort study of 145 patients who underwent
cardiac arrest, we identified several limitations of the routine
evaluation of cTnT in the post-arrest setting. Despite early PCI being
recommended in post-arrest patients, identifying individuals with AMI
is difficult in routine practice. Troponin testing is often part of post-
arrest protocols to help guide clinical decision-making. We found that
both initial and peak cTnT values of the patients enrolled in our study
did not exhibit sufficiently high prediction thresholds for clinical utility,
specifically regarding the differentiation of arrest aetiology, prognosis,
and survival to discharge. Modifying the cTnT cutoffs to 10, 100, and
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1000 times the current clinical cutoff of 0.01 ng/mL did not improve
prediction of the aforementioned outcome variables of interest. The
corresponding AUROC c-statistics for all analyses at all cutoff levels
correlated with poor to modest diagnostic/predictive values well below
clinical relevance.

Prior studies vary regarding the predictive values of cTnT in
patients after cardiac arrest. Some demonstrated clinical utility as a
triage tool, with suggested cut-offs ranging from 0.6 to 4 ng/mL.5'° We
did not find that any such thresholds had sufficient sensitivity or
specificity to be useful in the clinical setting. Dumas et al also found a
similarly modest predictive value of cardiac troponin for coronary
occlusion.™

There are several possible explanations for the low/modest
predictive value of cTnT that was observed. Increased levels of cTnT
in patients with non-cardiac causes of cardiac arrest are common after
ROSC."""* Reasons for elevated cTnT include common comorbidities
suchas heartfailure (HF), tachycardia, sepsis, or renal failure.'> ' CPR
and defibrillation have also been associated with cTnT release, though
studies show inconsistent results.®'®"°

Currently, the prognosis for patients with cardiac arrest remain
poor. The role of cTnT should be reevaluated in decisions to pursue
diagnostic cardiac catheterization in post-cardiac arrest patients,
given that early PCI may have prognostic value.

Our findings should be interpreted in the context of certain
limitations. Our observations are based on assessments at a single
center over a short time period. However, variation in prior studies
suggests that our conclusions regarding the uncertain value of
troponin testing in the post-arrest setting may hold for clinical practice.
Both in-hospital and out-of-hospital arrest data were used, which may
add variation in the results of troponin testing. However, the
management algorithms for post-arrest care are similar across
settings. The use of clinical data obtained after the episode of care
may be associated with heterogeneity in ¢cTnT testing. However,
provider treatment plans often differ in urgent situations, making
variation likely. Data about the timing of TTE after arrest was not
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Fig. 1 - AUROC: Ischaemic Aetiology and LV Dysfunction vs. Initial and Peak Troponin Values.

*Clinical cut-off (0.01 ng/mL) was positive for all patients

Abbreviations: AUROCarea under the receiver operating characteristic curve; LVieft ventricular; cTnTcardiac

troponin T.
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collected during patient admission and was subsequently unavailable
for analysis. And we acknowledge that the determination of ischaemic
vs non-ischaemic aetiology of arrest is sometimes difficult, and in this
study (as well as any clinical study) inaccuracy of this determination
may be present. The retrospective study design may not accountfor all
potential confounders. Finally, our results did not evaluate the value
offered by the more precise high-sensitivity troponin test, but there is
limited evidence supporting its use in the post-arrest setting, and it is
not yet widely available.°

Overall, our study underscores the challenges with the use of cTnT
to guide clinical management of the post-cardiac arrest patient and
encourages a reevaluation of the routine testing of cTnT in this setting.

Conflicts of interest

None.

Funding

National Institutes of Health 5T32HL125247-02,

UL1TR001105 US(Khera).

(NIH) -

REFERENCES

1. Nolan JP, Hazinski MF, Billi JE, et al. Part 1: Executive summary: 2010
international consensus on cardiopulmonary resuscitation and
emergency cardiovascular care science with treatment
recommendations. Resuscitation 201081: e1-25.

2. Benjamin EJ, Virani SS, Callaway CW, et al. Heart disease and stroke
statistics-2018 update: a report from the American Heart Association.
Circulation 2018;137:e67-e492.

3. Dumas F, Cariou A, Manzo-Silberman S, et al. Immediate
percutaneous coronary intervention is associated with better survival
after out-of-hospital cardiac arrest: insights from the PROCAT
(Parisian Region Out of hospital Cardiac ArresT) registry. Circ
Cardiovasc Interv 2010;(3):200-7.

4. Mullner M, Oschatz E, Sterz F, et al. The influence of chest
compressions and external defibrillation on the release of creatine
kinase-MB and cardiac troponin T in patients resuscitated from out-of-
hospital cardiac arrest. Resuscitation 1998;38:99-105.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Mattana J, Singhal PC. Determinants of elevated creatine kinase

activity and creatine kinase MB-fraction following cardiopulmonary
resuscitation. Chest 1992;101:1386-92.

. Grubb NR, Fox KA, Cawood P. Resuscitation from out-of-hospital

cardiac arrest: implications for cardiac enzyme estimation.
Resuscitation 1996;33:35-41.

. Spaulding CM, Joly LM, Rosenberg A, et al. Inmediate coronary

angiography in survivors of out-of-hospital cardiac arrest. N Engl J Med
1997;336:1629-33.

. American College of Emergency P, Society for Cardiovascular A,

Interventions, et al. 2013 ACCF/AHA guideline for the management of
ST-elevation myocardial infarction: a report of the American College of
Cardiology Foundation/American Heart Association Task Force on
Practice Guidelines. J Am Coll Cardiol 201361: €78-140.

. Thygesen K, Alpert JS, Jaffe AS, et al. Third universal definition of

myocardial infarction. Circulation 2012;126:2020-35.

Dumas F, Manzo-Silberman S, FichetJ, etal. Can early cardiac troponin
| measurement help to predict recent coronary occlusion in out-of-
hospital cardiac arrest survivors? Crit Care Med 2012;40:1777-84.
Lin CC, Chiu TF, Fang JY, Kuan JT, Chen JC. The influence of
cardiopulmonary resuscitation without defibrillation on serum levels of
cardiac enzymes: a time course study of out-of-hospital cardiac arrest
survivors. Resuscitation 2006;68:343-9.

Boriani G, Biffi M, Martignani C. Clinical and therapeutic implications of
troponin elevation in cardiac arrest. Am J Cardiol 2004;94:1478.
Mullner M, Hirschl MM, Herkner H, et al. Creatine kinase-mb fraction
and cardiac troponin T to diagnose acute myocardial infarction after
cardiopulmonary resuscitation. J Am Coll Cardiol 1996;28:1220-5.
Lai CS, Hostler D, D’'Cruz BJ, Callaway CW. Prevalence of troponin-T
elevation during out-of-hospital cardiac arrest. Am J Cardiol
2004;93:754-6.

Hamm CW, Giannitsis E, Katus HA. Cardiac troponin elevations in
patients without acute coronary syndrome. Circulation
2002;106:2871-2.

Freda BJ, Tang WH, Van Lente F, Peacock WF, Francis GS. Cardiac
troponins in renal insufficiency: review and clinical implications. J Am
Coll Cardiol 2002;40:2065-71.

Aviles RJ, Askari AT, Lindahl B, et al. Troponin T levels in patients with
acute coronary syndromes, with or without renal dysfunction. N Engl J
Med 2002;346:2047-52.

Agewall S, Giannitsis E, Jernberg T, Katus H. Troponin elevation in
coronary vs. non-coronary disease. Eur Heart J 2011;32(4):404-11.
Georges JL, Spentchian M, Caubel C, et al. Time course of troponin I,
myoglobulin, and cardiac enzyme release after electrical
cardioversion. Am J Cardiol 1996;78:825-6.

Vigen R, Kutscher P, Fernandez F, et al. Evaluation of a novel rule-out
myocardial infarction protocol incorporating high-sensitivity troponin T
in a US hospital. Circulation 2018;138:2061-3.


http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0010
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0010
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0010
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0020
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0020
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0020
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0020
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0030
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0030
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0030
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0045
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0045
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0050
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0050
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0050
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0055
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0055
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0055
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0055
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0060
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0060
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0065
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0065
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0065
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0080
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0080
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0080
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0085
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0085
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0085
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0090
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0090
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0095
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0095
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0095
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30217-5/sbref0100

	Diagnostic and prognostic utility of cardiac troponin in post-cardiac arrest care
	Background
	Methods
	Results
	Discussion
	Conflicts of interest
	Funding
	References


