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Selective coronary angiography, percutaneous coronary intervention and 
asymptomatic peri-procedural myocardial injury
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Lucie Sukupovad, Milos Taborskye

Background. While there have been a number of studies reporting the incidence and implications of elevated troponin 
levels after percutaneous coronary intervention (PCI), the body of information about the incidence, associations, and 
implications of elevated troponin levels following coronary angiography (CAG) is limited.
Materials and Methods. A total of 220 consecutive patients with stable coronary artery disease or intermediate or 
low-risk acute coronary syndrome without persistent ST-segment elevation (NSTE-ACS) were included in our study. 
High-sensitivity cardiac troponin I (hs-cTnI) levels were measured before and after coronary angiography (CAG) in 
patients with or without PCI and correlated with a number of clinical variables.
Results. Hs-cTnI elevations above the 99th percentile upper reference limit (URL), or above 20% of the initially positive, 
yet already declining values, were found in 60 (37.2%) patients after CAG and in 45 (76.2%) patients undergoing PCI. 
Significant correlations of hs-cTnI elevation were found with the following variables: volume of contrast, fluoroscopy 
time, dose-area product, amount of contrast agent injected directly into the coronary arteries, total time of balloon 
dilation and the number and total length of implanted stents (P<0.001 for all). 
Conclusion. While an asymptomatic elevation of hs-cTnI is a common finding after PCI, it does occur, quite surprisingly, 
also after CAG. Despite contradictory views regarding the clinical relevance of asymptomatic post-procedural elevated 
hs-cTnI levels, it is generally believed that a mild elevation is not associated with an increased risk. Still, it may pose a 
diagnostic quandary following a successful interventional procedure and even more so after an uncomplicated CAG.
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INTRODUCTION

Myocardial infarction (MI) as a sequel of percutane-
ous coronary intervention (PCI) meeting the criteria of 
the Third Universal Definition1 is quite a rare event in 
everyday practice. By contrast, PCI-related periprocedural 
myocardial injury is a relatively infrequent occurrence in-
volving isolated elevation of myocardial necrosis markers 
in the absence of some other factors defining type 4a MI 
(ref.1). The body of literature data regarding the incidence 
and implications of asymptomatic plasma high-sensitivity 
cardiac troponin elevation following diagnostic coronary 
angiography (CAG) is limited2. 

The aim of the present study was to compare the inci-
dence of asymptomatic periprocedural myocardial injury 
after PCI versus CAG in everyday catheterization routine 
and search for any implications. 

MATERIALS AND METHODS

Our prospective observational study (NCT02960321) 
initially included 226 consecutive patients assessed in a 
catheter laboratory from June through September 2016. 
Enrolled were patients with stable coronary disease or 
non-ST elevation acute coronary syndrome (NSTE-ACS) 
at intermediate or low risk with stable or already declin-
ing high-sensitivity cardiac troponin I (hs-cTnI) levels. 
Exclusion criteria included acute MI with persisting ST-
segment elevation, NSTE-ACS associated with very high 
or high risk or signs of ongoing ischemia3, and renal in-
sufficiency.

Ineligible for inclusion were 6 patients (2.7%) clearly 
classifiable as having experienced PCI-related MI by the 
Third Universal Definition of MI (type 4a MI). These 
patients showed clinical problems and ECG-documented 
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ischemic lesions related to periprocedural occlusion of a 
branch or coronary artery dissection. 

As a result, our study analyzed data of patients un-
dergoing CAG followed immediately, in some cases, by 
uncomplicated PCI (n=220). 

At hospitalization, all study subjects signed informed 
consent for participation in the study. The study had been 
approved by a local ethics committee. 

According to our planned procedure, patients were 
classified into the CAG or the PCI group. All proce-
dure-related decisions including PCI were made at the 
discretion of an interventional cardiologist. In order to 
investigate any association between hs-cTnI release and 
the extent of coronary disease, SYNTAX score values 
were calculated. 

Laboratory investigations
Baseline plasma hs-cTnI levels were determined at 

the hospital’s Department of Clinical Biochemistry and 
Pharmacology using an Abbott ARCHITECT ci16 200 

device (Abbott Laboratories, Abbott Park, Ill, USA) and 
an Abbott, High Sensitive Troponin-I Reagent Kit. The 
99th percentile (upper reference limit, URL) for men were 
set at 34 ng/L for men and 15 ng/L for women.

Blood samples obtained before the procedure and 
17–20 h later were used to calculate absolute δ-change 
between post-procedural hs-cTnI concentration and versus 
baseline levels (hs-cTnIpost - hs-cTnIbaseline) in ng/L, and 
relative δ-change ([hs-cTnIpost - hs-cTnIbaseline) / hs-cTnI-
baseline × 100) given as percentage change from base-
line. A relevant increase in normal baseline hs-cTnI was 
defined as an elevation above the 99th percentile URL, 
or for baseline hs-cTnI values >URL, a relative kinetic 
change (rise) of 20% or more.

The values were subsequently correlated against a 
number of clinical variables.

Statistical analysis
Standard descriptive statistics was applied in the 

analysis; median supplemented with the 5th–95th percen-

Table 1. Basic characteristics.

Age (years) 69.0 (50.5; 85.0)
Sex male n=140 (63.6)

female n=80 (36.4)
Serum creatinine (μmol/l) 86.0 (60.0; 158.0)
Diabetes mellitus no n=131 (59.5)

yes n=89 (40.4)
Smoking no n=129 (58.6)

yes n=34 (15.5)
unknown n=12 (5.5)

SYNTAX score 0 n=82 (40.4)
1–23 n=76 (37.4)
24–32 n=26 (12.8)
33+ n=19 (9.4)

Coronary artery bypass grafting no n=203 (92.3)
yes n=17 (7.7)

Left ventricular ejection fraction (%) 55.0 (25.0; 67.0)
Type of contrast agent iomeprol n=93 (42.3)

iopromide n=62 (28.2)
ioversol n=14 (6.4)
iodixanol n=51 (23.2)

Volume of contrast used (ml) 75.0 (30.0; 277.5)
Fluoroscopy time (s) 225.5 (63.5; 1 270.5)
Dose-area product (DAP) (mGy.cm2) 47 963.0 (17 228.5; 182 358.5)
Left ventriculography no n=111 (50.5)

yes n=109 (49.5)
Total time of balloon dilatation (s) 0.0 (0.0; 110.5)
Total length of implanted stents (mm) 0.0 (0.0; 44.0)
Diagnostic catheter size 5F n=176 (80.0)

6F n=44 (20.0)
Number of angiographic series 9.0 (7.0; 23.0)
Volume of contrast injected 
into coronary arteries (ml)

26.1 (19.6; 64.6)

Statin pretreatment no n=66 (30.0)
yes n=154 (70.0)

Median supplemented with the 5th–95th percentile range for continuous data; absolute and relative frequencies 
for categorical data.
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tile range for continuous data, and absolute and relative 
frequencies for categorical data. Statistical significance of 
differences in continuous variables between the subgroups 
of patients was tested using the Mann-Whitney U test 
or Kruskal-Wallis test; the relation between continuous 
variables was described using Spearman rank correla-
tion coefficient and its statistical significance. Statistical 
analysis was computed using IBM SPSS Statistics for 
Windows, Version 24.0.0.1 (IBM Corporation released 
2016, Armonk, NY).

RESULTS

While a total of 161 patients (73.2%) had diagnostic 
CAG alone, in 59 patients (26.8%) CAG was immediately 
followed by PCI. In 157 patients (71.4%) baseline hs-cTnI 
was negative (< 99th percentile URL).

Basic characteristics of our entire study population 
are shown in Table 1.

Main indications for CAG included exertional angina 
(36%), NSTE-ACS (18.7%), heart failure (17.7%), severe 
valve disease (7.7%), silent myocardial ischemia (4.5%), 
malignant arrhythmias (4.1%), staged PCI (3.6%), and 
other (7.8%).

In the entire study population, the baseline hs-cTnI 
median was 10 ng/L (2–753) without statistically signifi-
cant differences between the CAG and PCI groups.

Periprocedural asymptomatic elevation of hs-cTnI lev-
els above the 99th percentile URL or above 20% of initially 
positive values was observed in 76.2% patients post PCI 
(Table 2), but, quite surprisingly, also in 37.2% patients 
undergoing diagnostic CAG (Table 3). 

The proportions of patients experiencing periproce-
dural elevations were very similar in the subgroup of pa-
tients with originally initially negative hs-cTnI compared 
with those showing stable elevated levels at baseline. 

In the subgroup of patients with negative hs-cTnI at 
baseline, the median absolute change in hs-cTnI was 119 
(5th to 95th percentile: 3; 1,989) in the PCI-subgroup, and 
5 (‒2; 165) in the CAG-only subgroup. 

In a total of 44.7% of patients having PCI and 8.4% 

of those undergoing CAG only, hs-cTnI levels increased 
to even more than five times the URL from the initially 
negative values (Table 2 and 3).

Absolute changes in hs-cTnI in the subgroup of pa-
tients undergoing CAG and having initially negative val-
ues are given in Fig. 1.

Correlations between the relative change in hs-cTnI 
and variables assessed in the entire study population are 
shown in Tables 4 and 5.

The relative increase in hs-cTnI levels seen in the PCI 
subgroup correlates statistically significantly with the 
number of implanted stents, their total length, and total 
balloon dilatation times. 

In our entire study population, the relative hs-cTnI 
elevation correlated significantly with left ventricular ejec-
tion fraction, total amount of the contrast agent injected 
directly into the coronary territory, number of angiograph-
ic sequences, fluoroscopy time and dose-area product.

No statistically significant differences in hs-cTnI eleva-
tions among PCI operators were documented. Likewise, 
no clear association was demonstrated between elevated 
troponin levels on the one hand and baseline diagnosis 

Table 2. Elevation of hs-cTnI in the CAG + PCI subgroup.

Elevation of hs-cTnI >99th 
percentile URL 
post-PCI

Elevation of hs-cTnI >5× 
99th percentile URL 
post-PCI

Rise of hs-cTnI levels >20% 
above baseline value 
post-PCI

All n=59 n=45 (76.2%) n=33 (55.9%)
Initially negative hs-cTnI n=38 n=29 (76.3%) n=17 (44.7%)
Initially positive hs-cTnI n=21 n=16 (76.2%)

Table 3. Elevation of hs-cTnI in the CAG-only subgroup.

Elevation of hs-cTnI >99th 
percentile URL 
post-CAG

Elevation of hs-cTnI >5× 
99th percentile URL 
post-CAG

Rise of hs-cTnI levels >20% 
above baseline value 
post-CAG

All n=161 n=60 (37.2%) n=27 (16.6%)
Initially negative hs-cTnI n=119 n=43 (36.1%) n=10 (8.4%)
Initially positive hs-cTnI n=42 n=17 (40.5%)

Fig. 1. Absolute change in hs-cTnI levels in patients with ini-
tially negative values (n = 119).
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prompting PCI or some biometric and laboratory data 
on the other; neither was a correlation shown between 
post-procedural hs-cTnI elevation and the SYNTAX score.

DISCUSSION

The importance of troponin for heart contractions 
was described as early as 40 years ago4. Troponins have 
been used to diagnose acute coronary syndrome since the 
1990s, with increasingly sensitive techniques allowing for 

Table 4. Dependence of relative change in hs-cTnI on monitored variables (categorical data).

n Median
(%)

5th percentile 95th percentile P

Sex male 140 95 ‒24 4538 0.226
female 80 142 ‒25 3114

Diabetes mellitus no 131 114 ‒17 6920 0.531
yes 89 93 ‒29 3210

Smoking no 129 100 ‒22 3783 0.779
yes 34 46 ‒26 11,500

SYNTAX score 0 82 101 ‒19 2000
0.2951–23 76 122 ‒26 7071

24–32 26 291 ‒44 28,414
33+ 19 38 ‒38 3425

Coronary artery bypass grafting no 203 100 ‒23 4290 0.893
yes 17 75 ‒38 2975

Type of contrast used iomeprol 93 50 ‒29 7071
0.058iopromide 62 235 ‒4 3060

ioversol 14 166 ‒9 1700
iodixanol 51 100 ‒27 3671

Left ventriculography no 111 100 ‒27 3425 0.372
yes 109 114 ‒16 11,325

Number of implanted stents 0 164 50 ‒26 2000
<0.0011 39 415 ‒10 21,050

2+ 17 1280 ‒27 74,755
Diagnostic catheter size 5F 176 100 ‒26 3783 0.282

6F 44 128 ‒9 4290
Statin pre-treatment no 66 220 ‒14 3140 0.281

yes 154 96 ‒26 4787
Procedure CAG 161 50 ‒26 1700 <0.001

CAG + PCI 59 489 ‒23 21,059

Median supplemented with the 5th– 95th percentile range for continuous data; statistical significance of differences among groups tested by the 
Mann-Whitney U test or Kruskal-Wallis test

Table 5. Dependence of relative change in hs-cTnI on monitored variables (continuous data).

Spearman correlation P

Age 0.045 0.509
Hematocrit 0.085 0.209
Creatinine ‒0.068 0.318
Body weight ‒0.037 0.582
Left ventricular ejection fraction (by echocardiography) 0.140 0.041
Volume of contrast used 0.360 <0.001
Fluoroscopic time 0.361 <0.001
Dose area product 0.275 <0.001
PCI – total balloon dilatation time 0.381 <0.001
PCI – total length of implanted stents 0.379 <0.001
Number of angiographic sequences 0.352 <0.001
Estimated amount of contrast injected into coronary territory 0.345 <0.001
Heart rate before procedure ‒0.083 0.218
Systolic blood pressure before procedure 0.119 0.078
Systolic blood pressure after procedure 0.066 0.332
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detection of increasingly lower levels of cardiac troponins 
in the peripheral blood increasing, in turn, the need for 
correct clinical interpretation of their positivity.

The most common causes of troponin release from the 
myocardium include necrosis, apoptosis5,6, or mechanical 
damage to myocardial cells7.

While the bulk of troponin in the cardiac myocyte 
(92–93%) is bound to the troponin-tropomyosin com-
plex, there is a small pool of unbound TnT or TnI in the 
cytosol (6–8%). The role and mechanism of formation 
of the cytosol fraction are still poorly understood. The 
molecular weight and immune reactivity of cytosol-based 
and bound troponins are identical. The cytosol fraction 
of cardiac troponins is also the first to release into the 
circulation following cardiac myocyte sarcolemma injury8. 
This particular fraction is detected in the early phase of 
ischemia, most often within 48 h. Once more severe or 
prolonged ischemia has developed, the cardiac myocyte 
becomes necrotic with subsequent proteolytic degrada-
tion of the troponin-tropomyosin complex responsible 
for the release of the bound troponin fraction. In such 
cases, troponin levels remain elevated for 10–14 days due 
to progressive myofibril degradation and breakup of the 
troponin- complex9.

Cardiac troponin levels may initially vary within min-
utes and differ significantly at different points of the cir-
culation (as seen, e.g., when measuring troponin levels 
simultaneously in the coronary sinus and radial artery) 
(ref.10). The possibility of rapid changes in troponin levels 
following the development and discontinuation of isch-
emia provides indirect evidence that an early elevation of 
troponin levels may not necessarily signal cardiac myocyte 
necrosis.

The mechanism of release of a small amount of tropo-
nin from the cytosol into the circulation consists of the 
formation of membrane sacs (blebs) transporting, in the 
early phase of ischemia, macromolecules for which the 
cytoplasmic membrane is otherwise impermeable. The 
result is release of the cytoplasmic troponin pool. If the 
ischemia is only transient with perfusion resumed before 
irreversible changes have developed, the integrity of the 
cytoplasmic membrane is not impaired11. In clinical prac-
tice, these short-lasting mild elevations in troponin levels 
may go undetected unless blood samples are obtained just 
at the time of troponin release.

On the other hand, high-resolution imaging techniques 
such as contrast-enhanced MRI have established that even 
small biomarker elevations reflect myonecrosis12. In a co-
hort with complex lesions, PCI resulted in a mean loss 
of 1.7±4.0 g of myocardial tissue. All of these patients 
showed elevated cTnI levels (range 1000 to 9400 ng/L). 
There was a strong correlation between the rise in cTnI 
levels at 24 hours and mean mass of new myocardial hy-
perenhancement after PCI (ref.13). However, the above 
range of values clearly suggests that the notion of “small 
elevations” is most relative.

Consensus could perhaps be reached in the explana-
tion that although the true half-life of both troponins in 
the circulation is short – on the order of 2 h – the clinical 
half-life of both troponins is substantially longer due to the 

continued leaching of troponin from the remains of the 
necrotic cell. A clinical half-life of ≥ 20 h is the hallmark 
of cardiac myocyte necrosis11,14.

In all of our patients, blood samples were drawn within 
20 h of CAG or PCI. Elevated hs-cTnI levels in the order 
of tens to hundreds of ng/L were documented particu-
larly in patients undergoing CAG. This finding indirectly 
supports our theory that it is the cytoplasmic troponin 
fraction which is actually detected. The question to be yet 
answered is the mechanism, in various invasive cardiac 
procedures in cardiology, of inducing hs-TnI elevation 
in cases whereby intraprocedural myocardial ischemia is 
unlikely to occur.

In their study, Hnatek et al.7 documented significantly 
elevated hs-cTnI levels associated with pacemaker implan-
tation. Troponin elevation correlated with fluoroscopy 
time used by the authors as an indirect marker of the com-
plexity of the procedure involving active lead fixation7. An 
interesting finding reported by Boos et al. was that, during 
pacemaker implantation using leads without active fixa-
tion, the only factor correlating with troponin elevation 
was also fluoroscopy time required for lead implantation. 
The authors suggested the elevated troponin levels were 
due to mild reversible myocardial injury sustained during 
manipulation with pacing leads in the right ventricle9.

Our study showed a significant correlation of relative 
hs-cTnI elevations with fluoroscopy time, dose-area prod-
uct, and number of angiographic series in both subgroups, 
i.e., those with only diagnostic assessment (CAG) or coro-
nary intervention (PCI). The implication could be that 
the factor triggering troponin release were x-rays per se.

However, based on the currently available body of 
information, it is more than likely that cardiac myocyte 
necrosis is not due to the radiation doses commonly used 
during invasive cardiac procedures. While, generally, ra-
diation may induce a broad spectrum of cardiovascular 
pathologies through various mechanisms15, doses resulting 
in myocardial injury have been shown by observational 
studies to be many times higher than those required for in-
terventional procedures. In patients undergoing radiation 
therapy for a malignancy, no significant increase in the 
risk for doses < 5 Gy has been reported16,17. Experimental 
studies have shown that, while endothelial cells are sen-
sitive to radiation, expression of inflammatory adhesive 
molecules is only induced by doses ≥ 2 Gy (ref.18,19). A life-
span study of atomic bomb survivors did not document 
a significant increase in their cardiovascular risk after a 
radiation dose < 0.5 Gy (ref.20). The implication is that the 
increase in troponin levels depending on fluoroscopy time 
or radiation dose rather reflects the length and complex-
ity of the procedure and/or another concomitant factor. 

It follows from the very principle of CAG that the 
technique combines radiation with injection of a contrast 
agent into the coronary territory. In all subgroups of our 
study (CAG, PCI, negative baseline hs-cTnI levels, and 
increased baseline hs-cTnI levels), statistical analysis re-
vealed a correlation between relative increase in hs-cTnI 
levels and the amount of the contrast agent used and/or 
injected into the coronary arteries). A similar conclusion 
was reported by Abu Sharar et al.2. The mechanism where-
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by the contrast agent induces troponin release from the 
cardiac myocyte is unclear. Likely explanations include 
transient short-term myocardial ischemia, short-term pres-
sure overload at the level of microcirculation, tiny plaque 
erosions together with peripheral microembolism, or rela-
tive cardiac toxicity, among others. A less likely cause is 
osmotic pressure of the contrast on the myocardium as 
post-procedural hs-cTnI elevations did not vary based on 
the osmolality of the contrast agent used.

While studies investigating troponin elevations fol-
lowing diagnostic CAG are scarce, extensive research 
has documented elevated markers of myocardial necro-
sis associated with PCI. The large number of published 
studies differ in the study population size and method-
ology; hence the relatively large variability of results. 
Periprocedural myocardial injury occurs in 5–30% of 
PCI-treated patients21. In contrast to earlier studies, tro-
ponin levels in our study were determined using a highly 
sensitive technique which explains the substantially higher 
proportion of patients with periprocedural troponin eleva-
tion.

Besides known PCI-related complications such as 
coronary artery dissection, arterial branch occlusion, 
peripheral embolism, etc., the causes of troponin eleva-
tion may be similar to those developing after CAG alone 
(use of contrast agent). An additional role may be played 
by intermittent ischemia in the coronary territory due to 
balloon dilatation, peripheral microembolism caused by 
plaque debris (while possibly undetectable by CAG and 
not necessarily having a clinical correlate) or occlusion 
of tiny arterial branches the size of which is beyond the 
detection capacity of CAG. All the above is supported 
by our finding of a correlation between hs-cTnI elevation 
in the PCI subgroup on the one hand, and total time of 
balloon dilatation and total length of implanted stents 
on the other.

There are largely divergent views on the clinical and 
prognostic relevance of periprocedural troponin elevation. 
Some authors have suggested that even an isolated minor 
elevation in cTnT after PCI provides long-term prognostic 
information regarding mortality and myocardial infarc-
tion incidence22. A meta-analysis published in 2008 found 
that increased mortality was significantly associated with 
troponin elevation after PCI. Furthermore, the combined 
endpoint of mortality or nonfatal myocardial infarction 
also occurred more often in patients with post-procedural 
troponin elevation. According to this meta-analysis, tro-
ponin elevation after elective PCI provides important 
prognostic information23.

Other reports highlighted the importance of particular 
troponin levels, as patients with elevation >3× the URL 
are at high risk of further adverse events both during hos-
pital stay and at 18 months after discharge. Patients with 
elevation of troponin less than 3× the URL did not have 
a worse prognosis during follow-up24.

Data from recent research tend to support the conclu-
sion that the independent prognostic value for cardiac bio-
markers of any cut-off showed no statistical significance 
for all-cause mortality, whereas the combined endpoint 

(all-cause mortality or new-onset heart failure) were am-
biguous in both short- and long-term follow-up25,26.

Another most important finding is that long-term 
prognosis is most often related to the baseline pre-PCI 
troponin value and not the biomarker response to the 
PCI. These results support a re-evaluation of the use of 
biomarker data in relation to PCI (ref.27,28). Pre-procedural 
troponin levels likely mirror the extent of coronary in-
volvement as suggested by studies searching for any asso-
ciation between baseline troponin levels and the SYNTAX 
score29,30. However, no statistically significant associa-
tion between post-procedural troponin elevation and the 
SYNTAX score was found in our study.

Likewise, no potential protective effect of statins was 
demonstrated despite divergent literature data in this re-
spect31,32. Explanations for this may include differences 
between our two study subgroups and likely pathophysiol-
ogy of troponin elevation. In our PCI subgroup, virtually 
all patients received pre-treatment with statins thus ruling 
out statistical evaluation. In the CAG subgroup, troponin 
elevation was likely due to a cause other than statin use.

Study limitations
A limitation of our study was the absence of further 

plasma hs-cTnI level measurements at longer time inter-
vals. Any low values would have supported the hypothesis 
that troponin elevation is not due to cardiac myocyte ne-
crosis but only to cytosol troponin fraction release. 

Another limitation is the failure to continuously moni-
tor ST-segment changes which may be dynamic. A single 
routine ECG test may leave such changes undetected un-
less a patient´s condition prompts another ECG test. One 
may ask what the interpretation of hs-cTnI elevation in 
the presence of transient ST-segment changes would be 
and whether our conclusions would not be completely 
different.

CONCLUSIONS 

While an asymptomatic elevation of hs-cTnI is a com-
mon finding after PCI, quite surprisingly it also does 
occur after CAG. Mild asymptomatic post-procedural 
cardiac troponin elevations are likely due to cytosol tropo-
nin fraction release and not to extensive cardiac myocyte 
necrosis. The clinical implications of mild troponin eleva-
tions after interventional cardiac procedures are subject of 
controversy. While, in asymptomatic patients showing no 
other signs of ongoing myocardial ischemia, mild troponin 
elevation has most probably no effect on left ventricular 
function or arrhythmogenesis to directly impair survival, 
it may pose a diagnostic quandary following a successful 
interventional procedure and even more so after uncom-
plicated coronary angiography.
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