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ABSTRACT

Intracoronary ECG was invented in 1974 and in 1985 it was
shown for the first time that intracoronary wire could be used
as an ECG unipolar lead to detect ongoing ischemia in humans.
Intracoronary ECG still remains highly underused technique
for guiding percutaneous coronary interventions. This article
summarizes studies dating from 1974 through 2016 showing
intracoronary ECG usefulness in finding zones of ischemia,
predicting myocardial necrosis, exploring vital myocardium,
predicting myocardial recovery during primary PCl and finding
new possibilities for developing better strategies for PCI. Still
very cheap and easy to perform, it however requires additional
time and deserves better integration in the catheterization
laboratory.
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STRESZCZENIE

Wewnatrzwiencowe EKG zarejestrowane za pomoca jednobie-
gunowego prowadnika wprowadzonego do tetnicy wieficowe;j
w celu oceny niedokrwienia wynaleziono w 1974 roku, a po
raz pierwszy zostato wykonane u cztowieka w 1985 roku.
Wewnatrzwienicowe EKG weciaz jest bardzo rzadko stosowa-
ng technikg diagnostyczng podczas przezskdrnej interwenciji
wiencowej (PCI). Artykut ten podsumowuje badania z okresu
1974-2016, pokazujac ze wewnatrzwiencowe EKG moze by¢
przydatne w znalezieniu strefy niedokrwienia, przewidywaniu
martwicy mig$nia sercowego, detekcji zywotnego miokardium,
prognozowaniu zdrowienia migsnia sercowego po pierwotnej
PCl, jak réwniez w poszukiwaniu nowych strategii podczas PCI.
Nadal bardzo tanie i fatwe do wykonania, mimo iz wymaga
dodatkowego czasu, to zastuguje na wigksze zainteresowanie
przez pracujgcych w pracowniach hemodynamiki.

Stowa kluczowe: EKG wewnatrzwiencowe, przezskorna in-
terwencja wiencowa, niedokrwienie
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How to perform intracoronary ECG?

Intracoronary ECG (IC-ECG) is performed using coro-
nary wire, which is the conductor of electrical signal,
and the crocodile clips at its distal end connected to
a unipolar lead. The guiding catheter serves as an
isolator. Balloon catheter can be used for isolation
of the coronary wire or coronary polymer-covered
wire can be used. Polymer covered wire can addi-
tionally be isolated with microcatheter [1-3]. The
size of recording (exploring) electrode is the least
3 cm of every workhorse coronary guidewire. This
conclusion was verified by checking the change in
signal using a microcatheter; i.e., when the catheter
tip started to cover the radiopaque distal 3 cm part
of the wire, the signal configuration (amplitude,
shape) changed. By pulling back the microcatheter,
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the signal does not change unless the final 3cm are
not covered.

Intracoronary ECG can be used to monitor for is-
chemia at real time during the procedure, using
continuous tracings that is the best way for detecting
ischemia, because the time interval from the real
event to detecting it on intracoronary ECG is not
known. This means that real-time tracing can help in
choosing the best treatment strategy. Intracoronary
ECG should be performed in every side branch of the
treated artery in order to detect regional ischemia —
mapping the whole region for ischemia (Figure 1).

Morphology of intracoronary
electrocardiogram

Intracoronary ECG detects epicardial electrical sig-
nal [4]. Intracoronary ECG could be described as
deep S waves and biphasic T waves. There are no
“normal” R, S and T waves. They should be inter-
preted as dynamic changes throughout the whole
percutaneous procedure. In myocardial ischemia,
ST changes before, during and after the intervention
should be interpreted.

R wave amplitude during exercise could detect is-
chemia [b]. A few studies of peripheral ECG show
different results concerning R wave amplitudes. One
of them showed that R wave amplitude is positional
and the other showed that R wave amplitude is
increased during ischemia in precordial and intra-
coronary leads. Other studies showed that R/S ratio
amplitude before and after stenting correlates with
post procedural levels of troponin.

ST changes during angioplasty are predictors of
ischemia [6] and ventricular arrhythmia during pro-
cedure [7]. During myocardial ischemia QT interval
is shortened and this could be seen firstly on intra-
coronary ECG and later on peripheral ECG [8]. The

relationship between T-wave peak-to end interval
(TPE) and intracoronary ST-segment recovery has
been studied. TPE values decreased significantly
after primary PCI in patients with intracoronary
ST-segment resolution (80.9 + 22.8 ms vs. 65.8 =
14.4 ms; p < 0.001), whereas they did not change
significantly after PCl in patients without intracoro-
nary ST-segment recovery.

Comparing intracoronary and surface
electrocardiogram

It is well known that voltage in electrocardiogram
depends on the distance between electrodes and
cardiomyocytes. Therefore, naturally the intracor-
onary electrocardiogram should be more sensitive
than surface electrocardiogram.

There are few studies that compare sensitivity of
both intracoronary and surface ECG for detecting
ischemia. In conclusion, intracoronary ECG has better
sensitivity for detecting ischemia, finding ischemia
in 14% more patients [2, 4, 9-11].

Not only intracoronary ECG is more sensitive for
detecting ischemia, but also it is more sensitive in
detecting ST changes with higher voltage [9-11].

In these studies, 16-45% of the patients’ ischemia
is detected using only intracoronary ECG. It should
be noted that there are few studies that show pa-
tients’ ischemia only on surface ECG [2, 6, 11]. Two
studies show lower sensitivity for detecting ischemia
by intracoronary ECG in RCA than in LAD and LCx
[6, 11]. This is mostly caused by the fact that find-
ing ischemia on intracoronary ECG is very much
dependent on skills of the operator performing the
ECG mapping. It is also dependent on good contact
between the coronary wire and ECG cable; some-
times the presence of more metal elements e.g.,

Figure 1. Example of
intracoronary ECG mapping

of the main branch and all of
the side branches in order to
search for ischemia in this local
territories



stents, or more than one wire can distort the electric
signal and insulation balloon or catheter is needed.

Intracoronary ECG and regional ischemia

Intracoronary ECG is the gold standard for detecting
ischemia; it shows that precordial V2 from surface
ECG is the most sensitive for detecting ischemia
in LAD, but not sensitive for detecting ischemia in
Lex [12]. As we know, left circumflex territory is
poorly presented in surface ECG. The intracoronary
ECG is usually better than surface ECG, because
the latter has unfavorable traditional external lead
positions, and i.c. ECG has identical sensitivity in
the territories of all coronary arteries [10].

Woust et al. showed that there are functional colla-
terals that alleviate ischemia during vessel closure
with balloon dilatation [13, 14].

Elevation of cardiac biomarkers after coronary angio-
plasty reflects periprocedural myocardial damage
and is associated with adverse cardiac events. One
study assessed whether periprocedural myocardial
damage that occurs despite successful PCl could
be rapidly and easily identified by intracoronary
ST-segment recording with the use of a catheter
guidewire. After PCI, intracoronary ST-segment shift
of T mm from baseline was considered significant.
Significant intracoronary ST-segment shift after PCI
was present in 40 patients (37%; group A) and ab-
sent in the remaining 68 (63%; group B). Procedural
myocardial damage was documented in 37 group
A patients (93%) and in 13 group B patients (19%;
p < 0.001); significant ECG changes were found on
standard ECG after intervention in only 5 patients
(13%) and 1 patient (1%) (p < 0.05). Sensitivity
of intracoronary ST-segment shift for predicting
myocardial damage was 74%, and specificity was
95%, with positive and negative predictive values of
93% and 81%, respectively. On multivariate analy-
sis, intracoronary ST-segment shift was the sole
independent predictor of myocardial damage (odds
ratio, 54.1; 95% confidence interval, 12.1 to 240;
p < 0.0001). At a median follow-up of 12 = 5 months,
major coronary event—free survival was significantly
worse in group A patients (log-rank test x2 = 4.0;
p < 0.05) [15].

Intracoronary ECG can detect silent ischemia after
thrombolytic therapy [16]. During balloon angioplas-
ty, chest pain is caused not only by ischemia but also
by stretching of the vessel wall [17]. Intracoronary
ECG proves that adenosine-induced chest pain is
not caused by ischemia [18]. After aminophylline
chest pain decreases without changing ST-segment,
proving that P1 receptors are responsible for chest
pain during ischemia.

Intracoronary ECG is used to show that perfusion bal-
loons decrease ischemia during angioplasty [8, 19].

Intracoronary ECG is used to detect ischemia during
septal angioplasty for treatment of HOCM [20].

Intracoronary ECG could be used for ischemic stress
test with atrial rapid pacing after angioplasty [21].
Studies showed that ischemia detected by intra-
coronary ECG correlates with rise of left ventricular
end-diastolic pressure [22], and that there is depend-
ence between hyperemia and ischemic tolerance
[23], and other studied investigated the mechanisms
of abnormal Q waves in HCM on surface ECG [24].

Intracoronary ECG can detect ischemia during an-
gioplasty; therefore, it could also detect myocardial
damage. Residual ischemia on intracoronary ECG
is expressed as residual ST-segment elevation after
the intervention and as arise in cardiac biomarkers
for myocardial damage as troponin elevation. In that
study, intracoronary ECG has positive predictive
value of 93% and negative predictive value of 81%
[25]. Intracoronary ECG surpasses surface ECG in
detecting ischemia and is an independent factor
besides patient characteristics, type of lesion and
type of intervention.

Percutaneous interventions induce proinflammatory
and prothrombogenic factors that could induce
distal embolization. Up to 44% of patients after PCI
have increased markers for myocardial necrosis,
which correlates with increased mortality [26, 27].
Intracoronary ECG could monitor ischemia and is-
chemia could be detected despite TIMI 3 coronary
flow. This could help in choosing the best strategy
for treating the patient.

The width of initial QRS complex (pre-angioplasty)
correlates positively with troponin rise after angi-
oplasty (OR 1.05, Cl 1.01-1.1, p = 0.016) [28]. The
difference between initial QRS width and its final
width also positively correlates with rise of post-an-
gioplasty troponin (OR 18909, Cl 19.633-22000,
p = 0.005) [28].

In patients with NSTEMI and multivessel disease,
intracoronary ECG can detect the target lesion with
mapping and measuring the ischemia in different
regions [29].

Primary angioplasty

In primary infarct angioplasty, resolution of ST-seg-
ment changes on IC-ECG during intervention pre-
dicted a low peak of creatine kinase values and
better left ventricular function at 6 months [30].
The IC-ECG, however, was only slightly better and
not significantly different in sensitivity and speci-
ficity from the surface ECG for detecting viability in
these patients. This study, however, only undertook
a limited comparison of the two modalities, as it
used a non-continuous method of monitoring both
surface ECG and IC-ECG, and used different time
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points for the acquisition of IC-ECG and surface
ECG recordings [30].

ST-segment-resolution (STR) on surface ECG is
a good surrogate for myocardial reperfusion in
patients with acute ST-segment-elevation-myocar-
dial-infarction (STEMI). In a study, STR on IC-ECG
was a measure for predicting of myocardial injury
evaluated by cardiac MRI (CMR). Early intracoro-
nary-ECG ST-segment resolution (early IC-STR > 1
mm) correlated with smaller scar mass (p = 0.003),
nonviable myocardial mass (p < 0.001), and micro-
vascular obstruction (MVO) (p = 0.004) on CMR at
day 3. Ejection fraction (EF) was also better at day 3
(p = 0.026) and 90 (p = 0.039). Poor early IC-STR
(IC-STR < 30%) was conversely associated with
larger scar mass (p = 0.017), nonviable myocardial
mass (p = 0.01), and MVO (p = 0.021) at day 3.
This was also associated with worse EF at day 90
(p = 0.044). The degree of early IC-STR (defined
by IC-STR > 1 mm or < 30%) successfully predicts
myocardial damage following primary-PCl for an
acute STEMI [31].

In other study, intracoronary ECG was a predictor
of microvascular obstruction during primary PCI
detected by cardiac magnetic resonance. Intracoro-
nary ST-segment resolution correlated with MVO
(p = 0.005). Furthermore, IC-STR (intracoronary ST
segment resolution) correlated with infarct-mass,
non-viable-mass, peak creatinine kinase and end-sys-
tolic-volume at day 4. Intracoronary ST-segment
resolution also correlated with favorable left ven-
tricular end-diastolic-volume at day 90 (p = 0.022).
On multivariate analysis, IC-STR was an independent
predictor of MVO [32].

In other study, peak-to-peak QRS voltage was used
as marker of myocardial viability detected by de-
lay-enhanced magnetic resonance. Peak-to-peak
voltage significantly decreased with nonviable my-
ocardium (p < 0.001 for all comparisons). When
receiver-operating characteristic analysis was used
to compare nonviable with viable segments, the
optimal discriminating voltages were 4.6, 2.2, and
0.78 mV for, respectively, HP-0.5, HP-30, and HP-100
filters, with a sensitivity of 92%, 94%, and 99% and
a specificity of 70%, 79%, and 69%. The amplitude
of the IC-EGMs discriminates viable from nonviable
left ventricular segments. Because this technique
is simple and inexpensive and provides real-time
results, it is potentially useful to aid decision making
in the catheterization laboratory [33].

Conclusions

Intracoronary ECG is easy to be performed, utilizes
the tools that are not expensive, and performs better
in detecting ischemia and finding its location than
surface ECG; all of these reflect in many applications.

Coronary interventions are expected to be fast and
exact and adding a new method will inevitably slow
down the intervention. Moreover, sterile connectors
are needed. Sometimes the quality of the tracing
is not good enough, but could be improved at the
expense of time and adding isolators. This technique
could help making better decisions about treating
the target vessel and provide additional real-time
information about myocardial damage.
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