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Diagnostic value of nocturnal trend changes 2
in a dynamic electrocardiogram for coronary
heart disease

Bing Yang'" and Zhiyue Jia'

Abstract

Objective To explore the diagnostic value of intermittent changes in the nocturnal ST segment trend graph in a
dynamic electrocardiogram (ECG) for coronary heart disease (CHD).

Methods A total of 205 patients who underwent coronary angiography were included in this retrospective study.
The study sample was determined through a power analysis aimed at achieving power of 80% with a significance

level of 0.05. The participants were divided into the CHD (n=101) and the non-CHD (n=104) group, based on

the degree of coronary artery diameter stenosis. The morphological changes in the ST segment trend graph were

observed and divided into two categories: ‘wall-shaped’and ‘peak-shaped’ changes.

Results Among the 205 patients, 94 had nocturnal ST segment dynamic changes and 111 did not. The detection
rate of CHD without nocturnal ST segment dynamic changes was 21.59%, significantly lower than the detection rate
of 93.18% in those with nocturnal ST segment changes, reflecting a statistically significant difference (P<0.05). The
positive rate of ST segment in patients with single-vessel disease (71.88%) was lower than in patients with multi-vessel
disease (78.57%), and both differences were statistically significant (P<0.05). The duration of ST segment trend graph
changes in 94 cases in the CHD group with intermittent changes in the nocturnal ST segment trend graph was higher
than in the non-CHD group, but no significant difference was observed (P>0.05). The detection rate of CHD in the
peak-shaped dynamic change group of the nocturnal ST segment trend graph was significantly higher (76/82) than in
the wall-shaped (6/82) dynamic change group (P<0.05).

Conclusion Peak-shaped changes in the nocturnal ST segment trend graph indicate coronary artery lesions.
Nocturnal ST segment changes observed through dynamic ECG monitoring can serve as a valuable non-invasive
predictor for CHD, providing a feasible method for early diagnosis and intervention in clinical practice.
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Introduction

Coronary heart disease (CHD) is a significant health
threat, particularly in middle-aged and elderly indi-
viduals, and an incidence that increases with age [1].
Arrhythmias can result from myocardial ischaemia due
to insufficient blood supply, complicating CHD diagnosis
and treatment [2]. While coronary angiography remains
the gold standard for diagnosing CHD, providing precise
information on coronary artery stenosis, it is invasive,
poorly tolerated by some patients, and costly, limiting its
widespread use [3].

Electrocardiography (ECG) is a common, non-invasive,
cost-effective, and safe diagnostic tool for cardiovascu-
lar disease [4]. Changes in ECG waveforms, including P
waves, QRS complexes, T waves, and ST segments, are
crucial for predicting CHD severity [5, 6]. Additionally,
ECG is vital for arrhythmia diagnosis, with advanced
integrated methods like Shifted 1-Dimensional Local
Binary Pattern and Long Short-Term Memory networks
enhancing rapid diagnosis [7]. Key ECG parameters such
as ST-segment elevation, ST-segment depression, T wave
inversion, and Q waves indicate coronary artery disease
(CAD) and potential myocardial ischaemia or infarction
[8,9].

Intermittent nocturnal ST segment changes, typically
due to coronary artery spasms, often represent transient
myocardial ischaemia. These spasms can be triggered
by autonomic nervous system imbalances, particularly
a heightened vagal tone during sleep [10]. The vagus
nerve, when overstimulated, increases myocardial oxygen
demand while simultaneously reducing coronary blood
flow, leading to ischaemia and resultant ST segment
deviations on an ECG [10], which has predictive value
for the early diagnosis of CHD [11]. Previous studies have
underscored the diagnostic value of continuous ECG
monitoring for detecting myocardial ischaemia [12, 13].
These studies all suggest a correlation between nocturnal
ST segment changes and an underlying coronary pathol-
ogy. The clinical significance of these changes lies in their
potential to serve as early indicators of CHD to predict
adverse cardiac events. Additionally, recognising these
patterns can lead to the improved management of noc-
turnal symptoms and potentially reduce the incidence of
nocturnal angina and myocardial infarction [14].

Despite these insights, several gaps remain in clini-
cal practice. Due to its limited duration, conventional
ECG monitoring often fails to capture intermittent isch-
aemic events. Dynamic ECG, with its extended monitor-
ing capabilities, can detect these transient changes but
is underutilised in routine practice [15]. Furthermore,
while some scoring systems for ischaemic heart disease
exist, there is a lack of standardised protocols for assess-
ing nocturnal ST segment changes. This leads to missed
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opportunities for early intervention and tailored treat-
ment strategies [16].

To enhance the diagnostic accuracy and management
of CHD, this study aims to compare coronary angiogra-
phy results to evaluate the diagnostic value of changes in
ST trend graph features for CHD.

Materials and methods

General information

A retrospective study was conducted on the clinical data
of patients who underwent dynamic ECG examinations
and exhibited intermittent changes in the nocturnal ST
segment trend graph in our hospital between January
2021 and June 2023. A total of 205 cases were included in
the study, including 119 men and 86 women, aged 37-79
years with an average age of 62.5+13.9 years.

Inclusion criteria: (1) clinical symptoms of precordial
pain or referred pain in the left shoulder, suggesting the
possibility of CAD requiring further confirmation, as well
as patients with an irregular heartbeat, palpitations, or
other arrhythmias requiring dynamic ECG monitoring;
(2) good compliance and the ability to cooperate with the
examination; (3) clear consciousness and a normal men-
tal state; (4) undergoing coronary angiography; (5) pro-
vided signed informed consent for inclusion in the study.

Exclusion criteria: (1) patients with myocardial disease,
acute myocardial infarction, left ventricular hypertrophy,
and heart failure. These patients may exhibit significant
structural or functional cardiac abnormalities that can
potentially confound interpretation of the dynamic ECG;
(2) patients with impaired liver or kidney function, as
they may be incapable of effectively metabolising medica-
tions, which could impact the efficacy and safety of car-
diac medications, subsequently affecting the results of the
dynamic ECG; (3) patients with hypertension, diabetes,
as these chronic conditions may interact with coronary
artery disease, complicating interpretation of the study
results; (4) patients with electrolyte disorders. Electrolyte
imbalances, such as abnormalities in potassium, calcium,
or magnesium, can directly affect the electrophysiologi-
cal properties of the heart, leading to alterations in the
ECG. This study was approved by the Ethics Committee
of Shanxi Provincial People’s Hospital.

The sample size for this study was determined using
a power analysis, based on the expected effect size of
nocturnal ST segment changes for predicting CHD. We
aimed for a power of 0.80 (80%) with a significance level
of 0.05 (two-tailed). The formula for sample-size calcu-
lation aimed at comparing two proportions was used,
based on prior studies and preliminary data [17, 18], and
the sample size required was calculated to be approxi-
mately 200 patients. To account for potential dropouts
and incomplete data, we increased the sample size to 205
patients.
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Methods

Dynamic electrocardiogram examination

The Shenzhen Bo Ying Dynamic ECG Analysis System
(http://www.bi-biomed.com/ProductsStd_247.html) was
used to replay the 24-hour dynamic ECG data of each
group. The system automatically analysed ST segment
deviations after the ] wave for 80 ms. The time range of
ST segment changes occurring between 22:00 and 6:00
the next day was defined as nocturnal ST changes.

The criteria for judging ST segment changes were as
follows: ST segment depression, appearing horizontal
or showing down-sloping greater than 0.1 mv, or ST-
segment elevation>0.2 mv. The duration of ST segment
changes needed to be at least 1 min, with an interval of
more than 1 min between two episodes, and the ST seg-
ment within the interval had to be normal.

Based on the morphological changes in the ST seg-
ment trend graph, we divided these into two categories:
changes resembling ‘U" or ‘N were referred to as ‘wall-
shaped’ changes, while changes resembling ‘v’ or ‘A’
were referred to as ‘peak-shaped’ changes. Wall-shaped
changes were changes in the ST segment trend graph
that resembled U (a U-shaped curve) or N (an inverted
U-shaped curve) shapes. The ST segment in these pat-
terns typically demonstrated a gradual decline and then
a return to baseline in the case of U-shaped changes, or a
gradual rise followed by a return to baseline in the case of
N-shaped changes. Wall-shaped changes are often indica-
tive of specific cardiac conditions such as ischaemic
episodes or ventricular repolarisation abnormalities.
Peak-shaped changes resembled a Vv (an upward-pointing
V-shaped curve) or A (a downward-pointing V-shaped
curve) shape in the ST segment trend graph. The ST seg-
ment in these patterns typically showed a sharp ascent
followed by a peak, and then a rapid descent in the case
of v-shaped changes, or a sharp descent followed by
a peak and then a rapid ascent in the case of A-shaped
changes. Peak-shaped changes are often associated with
acute myocardial infarction or other sudden changes in
cardiac ischaemia.

Coronary angiography

The diagnostic criteria for CAD were as follows: confir-
mation that the diameter representing the degree of ste-
nosis in the main branch of coronary artery or at least
one major coronary artery was no less than 50%, based
on coronary angiography. All patients underwent coro-
nary angiography using the Innova 3100 cardiovascu-
lar-specific digital subtraction angiography machine
(General Electric Company, OH, USA). The Seldinger
technique was used for puncturing, with puncture sites
being the right femoral or radial arteries [19]. Coronary
angiography was performed using the Judkins technique.
The CAD diagnosis was as follows: stenosis exceeding
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1/2 in the left main trunk, left circumflex branch, left
anterior descending branch, right coronary artery, or
any combination thereof. ‘Single-vessel disease’ referred
to the involvement of one coronary artery, while ‘multi-
vessel disease’ referred to the involvement of two or more
coronary arteries.

Grouping

According to coronary angiography, the degree of ste-
nosis was expressed in diameter, and if the degree of
stenosis in the main branch or one of the main coro-
nary arteries was greater than 50%, a diagnosis of CHD
was confirmed [20]. Based on the diagnostic results, the
participants were divided into the CHD and non-CHD
groups. Coronary artery diameter stenosis was less than
50% in 101(non-CHD group) cases and greater than 50%
in 104 (CHD group) cases. None of the patients in the
non-CHD group had a history of myocardial infarction,
documented silent ischaemia, typical angina symptoms,
or atypical chest discomfort. In the CHD group, there
were 32 cases with single-vessel disease and 56 cases with
multi-vessel disease.

Based on the presence or absence of nocturnal ST seg-
ment changes, the participants were divided into the
nocturnal ST segment dynamic change group and the
non-dynamic change group. Based on changes in the
nocturnal ST segment trend graph in the dynamic ECG,
patients were divided into the ST segment elevation
group and the ST segment depression group. To investi-
gate whether the morphological changes in the ST seg-
ment trend graph had diagnostic significance for CAD,
the ST segment trend graph was further divided into
peak-shaped and wall-shaped changes.

Evaluation criteria
To evaluate ST-T segment changes, the following criteria
were used.

(1) Analysis of the diagnostic value of ST-T segment
changes using coronary angiography as the reference
standard; (2) analysis of the ST-T segment changes in
patients with single and multi-vessel disease; (3) analy-
sis of the ST-T segment changes in patients with steno-
sis<50% and >50%.

Statistical methods

Statistical analysis was performed using the SPSS
26.0 software. Measurement data were presented as
meanzstandard deviation (x*s), and the t-test was used
for group comparisons. Count data were presented as
cases (percentages; [n (%)]), and the chi-square test was
used for group comparisons. A significance level of 0.05
was used, with P<0.05 indicating a statistically signifi-
cant difference.
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Table 1 Comparison of detection rates of coronary heart disease
with and without nocturnal ST segment dynamic changes

Nocturnal n Coronary Non-coronary x* P
ST segment dy- heart dis- heart disease
namic changes ease group group (104)
(101)
Positive 94 82(93.18%) 12(10.26%) 49.184 0.012
Negative 111 19(21.59%) 92 (78.63%)

Table 2 Analysis of diagnosis in different vessels of coronary
artery lesion

Nocturnal ST seg- Single-ves-  Multi-vessel ~ x? P
ment dynamic sel disease  disease (56)

changes (32)

Positive 23 (71.88%) 44 (78.57%) 31.631 0.024
Negative 9 (28.13%) 12 (21.43%)

Results

Comparison of the coronary heart disease detection rate
based on nocturnal ST segment dynamic changes

Among the 205 participants, 94 cases showed nocturnal
ST segment dynamic changes, while 111 cases did not.
Using coronary angiography results as the gold standard,
the detection rate of CHD in patients without nocturnal
ST segment dynamic changes was 21.59%, significantly
lower than the detection rate of 93.18% in those with
nocturnal ST segment changes, with a statistically signifi-
cant difference (x*=49.184, P<0.05) as shown in Table 1.

Comparison of the number of coronary heart disease
lesions based on nocturnal ST segment dynamic changes
Following diagnosis by coronary angiography, 32 cases
were identified with single-vessel disease and 56 cases
with multi-vessel disease. Analysing the nocturnal ST
segment dynamic changes, the ST segment positivity
rate in patients with single-vessel disease (71.88%) was
observed to be lower than in patients with multi-vessel
disease (78.57%), and both differences were statistically
significant (x*=31.631, P<0.05) as shown in Table 2.

Research results of intermittent changes in nocturnal ST
segment trend graph

Among the 94 cases with intermittent changes in the
nocturnal ST segment trend graph, the duration of
ST segment trend graph changes in the CHD group
(13.52+1.63 min) was higher than that in the non-CHD
group (10.131+5.79 min), but no significant difference was
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observed (P>0.05). The detection rate of CHD was signif-
icantly higher in the group with a peak-shaped dynamic
change in the nocturnal ST segment trend graph (76/82)
compared with the group reflecting wall-shaped dynamic
changes (5/82), with a statistically significant difference
(x*=37.106, P<0.05) as shown in Table 3. Typical inter-
mittent nocturnal ST segment trend charts are shown in
Figs. 1 and 2. Figure 1 shows the ECG data of a 58-year-
old female from 04:07 to 04:35. During this period, there
was a sudden depression of the ST segment curve in leads
II, III, and aVF, presenting a ‘sawtooth’ pattern change
(Fig. 1A). Additionally, the 12-lead ECG during myocar-
dial ischaemic attack and recovery is shown in Fig. 1B.
Coronary angiography of the patient revealed sclerosis
and approximately 40% stenosis in the mid-to-distal seg-
ment of the left circumflex artery (LCX), with no sig-
nificant stenosis observed elsewhere. Figure 2 shows the
ECG data of a 67-year-old female from 00:42 to 0:58.
During this time, there was a sudden depression of the
ST segment curve in leads I, II, III, aVF, and V2-V6, pre-
senting a ‘peak’ pattern change (Fig. 2A). Additionally, the
12-lead ECG of this patient during myocardial ischaemic
attack and recovery is shown in Fig. 2B. Coronary angi-
ography of the patient revealed approximately 60% steno-
sis in the left anterior descending artery, approximately
60% sclerosis and stenosis in the mid-to-proximal seg-
ment of the LCX, and approximately 95% localised steno-
sis in the proximal-to-mid segment of the right coronary
artery, indicating three-vessel coronary heart disease.

Discussion

Research has shown that intermittent changes in the noc-
turnal ST segment have a high diagnostic value for CHD
[12]. However, conventional ECG has a short detection
time and may not capture ischaemic events. Conversely,
dynamic ECG has a longer detection time. In the overall
analysis of arrhythmia, myocardial ischaemia and other
conditions, by combining the ST segment trend graph,
doctors can shorten the analysis time and improve its
accuracy, enabling the visualisation of myocardial isch-
aemic events [21]. Our findings suggest that peak-shaped
changes could act as a preliminary filter for patients who
may benefit from more invasive diagnostic procedures,
such as coronary angiography. This could help in the
rational allocation of healthcare resources by prioritising
those who exhibit these changes for further investigation.

Table 3 Comparison of changes in nocturnal ST segment trend graph between coronary heart disease group and non-coronary heart

disease group

Group Cases ST segment elevation ST segment depression Duration
Peak-shaped Wall-shaped Peak-shaped Wall-shaped

Non-coronary heart disease group 12 2 3 7 10.13+£5.79

Coronary heart disease group 82 10 66 5 13.52+1.63

Total 94 12 69 12
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A study by Shimizu et al. [22] indicate that chest pain in
patients with vasospastic angina frequently occurs dur-
ing rest, especially during nighttime sleep, with the peak
occurrence between midnight and 08:00. These patients
often also experience effort angina in addition to rest
pain, with coronary angiography confirming significant
fixed stenosis in the coronary arteries. Research by Jo
SH et al. [16] also indicates that, compared with patients
with non-spastic coronary arteries, patients who experi-
ence any coronary artery spasms are more likely to have
atherosclerotic plaques, even in non-spastic arteries.
Several precise scoring systems for ischaemic heart dis-
ease have been established, and collecting the results of
these scoring systems can lead to more accurate medical
treatments. This suggests that optimising the scoring of
dynamic ECG graphic changes may have potential assess-
ment value in future evaluations [23, 24].

In this study, among 94 patients with changes in the
nocturnal ST segment trend graph, 82 patients were con-
firmed to have CHD through coronary angiography, with
a positive rate of 93.18%. This suggests that patients with
atherosclerotic heart disease are prone to undergoing
dynamic ECG ischaemic changes at night. These types of
transient ischaemic ST changes in a dynamic ECG often
indicate coronary artery spasms, which may be related to
autonomic nervous system dysfunction [25]. When the
vagus nerve is stimulated at night, it causes increased
myocardial spasming, leading to coronary artery spasms
and resulting in myocardial ischaemia, which manifests
as ST segment changes in the corresponding ECG leads.
This suggests that nocturnal ST changes may indicate
ischaemic changes in the myocardium itself, while the
coronary artery spasms exacerbate the preexisting coro-
nary artery stenosis. During the day, when sympathetic
nervous system activity increases, heart rate accelerates,
cardiac tension decreases, and coronary artery spasm
is relieved, the myocardial ischaemic phenomenon
migrates, and ST segment changes are gradually restored
to normal [26]. Coronary artery spasms exacerbate exist-
ing coronary artery stenosis, leading to myocardial isch-
aemia and ST segment changes on the ECG; this suggests
that nocturnal ST segment changes may occur due to ste-
nosis in the coronary arteries.

In this study, the detection rate of the peak-shaped
nocturnal ST trend graph was 92.68% compared with
coronary angiography. This suggests that peak-shaped
changes in the nocturnal ST segment trend graph can
improve the CHD detection rate. The generation of peak-
shaped changes in the ST segment trend graph could
be attributed to a gradual reduction, or even blocking,
of coronary artery blood supply due to coronary spasm,
based on coronary artery stenosis, leading to ischaemic
changes in corresponding myocardial cells [27]. When
coronary spasms are resolved, the coronary artery
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gradually opens, relieving myocardial ischaemia. This is
reflected in the ECG as a gradual worsening and subse-
quent recovery of ST segment deviation [28]. Conversely,
wall-shaped changes in the ST segment trend graph may
occur due to a lack of specificity regarding ST segment
changes in the ECG, as factors such as technical issues,
body position, electrolyte imbalances, and psychological
and neural factors can also cause changes in the ST seg-
ment of the ECG [29], thereby affecting acquisition of the
cardiac signal. The presence of peak-shaped changes can
serve as a non-invasive indicator of transient myocardial
ischaemia, potentially allowing for earlier identification
of patients at risk of CAD. By incorporating this param-
eter into routine ECG analysis, clinicians can enhance
their ability to stratify patients, based on the likelihood of
coronary artery lesions.

This study has some limitations. More patients
with nocturnal ST segment dynamic changes must be
included in future studies to explore the false nega-
tive rate of dynamic ECG monitoring. Additionally, the
study’s sample size was small, and multiple factors may
have interfered with changes in the ST segment of the
dynamic ECG. Therefore, a direct diagnosis of CHD can-
not be made at present, and further research is needed
regarding the use of a nocturnal ST segment trend graph
for the diagnosis of CHD. Future research should be con-
ducted with a larger patient population to further vali-
date our preliminary findings and enhance the statistical
significance and clinical applicability of the results.

Conclusion

Our research found that a peak-shaped change in the
nocturnal ST segment trend graph indicated the pres-
ence of CAD. The duration of changes in the nocturnal
ST segment trend graph is not significantly correlated
with the degree of coronary artery stenosis. This suggests
that observing changes in dynamic ECGs may provide
new evidence for the diagnosis of CHD.
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