Eleven patients with deformed papillary muscles and downward
movement were misdiagnosed as cardiomyocyte ischemia due to
giant negative T wave
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Abstract

Objective: To analyze the clinical manifestations of a huge inverted T wave and to summarize the causes of misdiagnosis of
deformed papillary muscle as myocardial ischemia. Cases and Results: A retrospective analysis of the clinical data of 215
patients with 12-lead ECG T wave inverted myocardial ischemia from 2006 to 2018 in our hospital. Combined with multi-factor
logistic regression analysis of echocardiography and electrocardiogram, we evaluated 11 cases of unique clinical malformed
papillary muscles with lowered position. The electrocardiogram showed sinus rhythm, the electrocardiogram axis was normal,
and the T wave inversion was 6-10 mm. The angiography showed no abnormalities. The echocardiogram showed that the
left ventricular wall structure, motion, and left ventricular ejection fraction were within the normal range. Echocardiography
showed that the anterolateral papillary muscle base of 11 patients originated from the apex 1/3. A 12-lead ECG with deformed
papillary muscles shows that a huge inverted T wave is not a feature of myocardial ischemia. In this case, the 12-lead ECG
feature is insufficient to identify the cause of myocardial ischemia. Therefore, we must exclude these myocardial ischemia in
order to diagnose and treat correctly. Conclusion: Conventional 12-lead electrocardiogram shows that the giant inverted T

wave of the deformed papillary muscles is diagnosed as myocardial ischemia, which is a misdiagnosis.

1.Introduction

A large amount of evidence indicates that more than one third of patients with coronary heart disease have
myocardial ischemia. It is a worldwide clinical and public health problem. It is a risk factor for cardiovascular
and cerebrovascular diseases and gradually becomes the cause of morbidity and death.

At present, early detection and disease monitoring of patients with CD, PET/CT scan, MRI, and cardiac
magnetic resonance (CMR),The use of contrast agents[l] increases the burden on the patient’s heart, and
even leads to an increase in patient mortality. Due to the high cost of MRI, Cardiac magnetic resonance
(CMR) has many advantages in the structure of the heart, and it is sometimes used as the gold standard.
Traditional electrocardiogram and ultrasound examination are not sensitive to the diagnosis of mankind. it
is necessary to improve ultrasound as a routine early examination method for heart disease.

A 12-lead electrocardiogram (ECG) with a wave Giant Negative T Wave (GNT') on the anterior lead usually
represents myocardial ischemia. GNT is defined as the T-wave depth of any lead [?]10mm, but it is not a
myocardial ischemia There are various factors that lead to GNT, such as ADPM and malformation, due to
the specific performance of blood. Sometimes clinical diagnosis will be misdiagnosed. Therefore, it is of great
significance to find the cause of GNT in time. The characteristics of ECG in patients with apical hypertrophic
cardiomyopathy (Ap HCM) also have T wave inversion, and HCM without coronary artery disease often
shows symmetric T wave inversion on ECG. For several patients in this study, serum lipids, blood glucose
levels, TET [2], and dynamic electrocardiogram were normal, and coronary angiography showed no obvious



lumen stenosis. Therefore, we can rule out myocardial ischemia, combined with medical history, and coronary
artery spasm. Possible; based on normal heart size, left ventricular wall motion and left ventricular ejection
fraction, dilated cardiomyopathy (DCM) can also be excluded.

Under normal circumstances, myocardial cell repolarization is from the epicardium to the endocardium.
The obvious T wave inversion may represent physiological changes during rapid ventricular repolarization.
On the other hand, the T wave inversion may be due to hereditary heart muscle disease or it may be
normal variation [3]. American scholars have pointed out that GNT is not a specific manifestation of apical
hypertrophic cardiomyopathy. For example, in this study, the abnormal manifestation of papillary muscles
is position shift to the apex (ADPM). ADPM is defined as the papillary muscle originating from the apical
four-chamber view of the left ventricle near the apical segment of the third, regardless of whether it is
associated with hypertrophy of the apical segment. We found that the number, shape, shape, and position
of the papillary muscles vary considerably. According to Victor and Nayak’s research, in the anterior-lateral
group of papillary muscles, only 1.5% of the papillary muscles originate from the middle and lower third [4].

This study confirmed for the first time the relationship between papillary muscle deformity and a downward
shift with a huge inverted T wave and myocardial ischemia. However, the significance of 12-lead ECG and
ultrasound imaging methods in the early detection of myocardial ischemia needs further study.

2.
Cases and methods
2.1 Finalist criteria

This study is a retrospective observational study. To analyze the clinical data of 215 cases of myocardial
ischemia diagnosed in our hospital from 2006 to 2018 due to the presence of GNT on the electrocardiogram.
After careful observation, combined with angiography and echocardiography, 11 cases of clinical data with
the characteristics of Papillary muscle deformity downward movement(Male: female = 9: 2, age 46-73 years
old), the average age is (59.5 £ 13.5) years old(Table 1).

Inclusion criteria: (1) According to the 2014 ESC ”Diagnostic and Treatment Guidelines for Hypertrophic
Cardiomyopathy”. ECG examination: T wave asymmetry, of which 9 cases are: anterior myocardial ischemia,
and the patient has a 6-14 mm T wave inversion in leads V4-V6 (Figure 1-a/b). There are 2 cases of inferior
wall ischemia. ECG tips: sinus rhythm, normal ECG axis, 6-10mm T wave inversion (Figure 1-c¢/d), no
abnormal angiography, echocardiography shows left ventricular wall structure, exercise, and left ventricular
ejection fraction Within normal range. (2) Coronary angiography results were normal. (3) Result of left
ventriculography: the left ventricle nipple is grossly deformed, and its position is down. Echocardiography
showed that the base of the anterolateral papillary muscles(Figure 2)originated from the top third of the
left ventricle. At the same time, the combined medial papillary deformity and downward movement showed
a huge negative T wave, corresponding to leads II, III, and Arterial vessel fistula. Eleven patients had
different degrees of discomfort in the precardiac area, normal exercise tolerance, and left ventricular wall
motion and left ventricle ejection fraction were within normal ranges. The patient’s age ranged from 1-73
years, with an average age of (59.5 +- 13.5) years. The patient had no risk factors for coronary artery disease
such as hypertension, diabetes, and obesity, nor had a history of other cardiovascular diseases, and was not
given medication. Eleven patients had normal physical examination, blood pressure remained within the
normal range of 70-90 / 110-125 mmHg, and the chest was not deformed.The exclusion criteria are: (1)
There are other heart diseases; (2) The spectrum of the heart cannot be accurately detected; (3) In multiple
examinations, the highest values of ECG, echocardiography, coronary angiography and cardiac CT / MRI
values are The difference of the lowest value is greater than 3.

This study was approved by the Medical Ethics Committee of Liaoning Provincial People’s Hospital of China
Medical University.

2.2 Detection method:



Careful analysis of the medical history, laboratory data, electrocardiogram, echocardiography, coronary an-
giography and cardiac CT / MRI of 11 patients. After further examination, blood lipids, blood sugar,
treadmill exercise test (spring games), 24-hour dynamic electrocardiogram, coronary angiography were not
abnormal, echocardiography showed that the papillary muscles were close to the apex (Figure 3). Echocar-
diographic evaluation: In this study, GE Vivid E9 line echocardiography was used for general ultrasound
and Sonove sonography. Observe the levels of the apical four-chamber heart, apical three-chamber heart, left
ventricle and short-axis apical segment, and at the same time try to avoid the short contraction of the left
ventricle in the horizontal section of the apical four-chamber. Echocardiography showed that the base of the
anterolateral papillary muscles originated from the top third of the left ventricle(figure4). At the same time,
the medial papillary deformity and downward movement after the merger showed a GNT, corresponding
to leads II, III, and Arterial vessel fistula. All 11 patients had varying degrees of precordial discomfort,
normal exercise tolerance, and left ventricular wall motion and left ventricle ejection fraction were within
the normal range. For the papillary muscles of healthy subjects, the left ventricular papillary muscle is a
tapered meat column that extends from the left ventricular wall into the chamber. It is the muscle part of
the mitral valve device, which is always thick and paired, divided into The two groups are located in the
middle of the left ventricular cavity, in which the anterolateral papillary muscles are located at the junction
of the anterior wall and the lateral wall of the left ventricle, and the posterior medial papillary muscles
are located in the posterior wall of the left ventricle. The papillary muscles form a parallel arrangement
and no hypertrophy. We found that the number, shape, shape, and position of the papillary muscles vary
considerably. The position of the papillary muscles has moved down. American studies have pointed out
that GNT is not a specific manifestation of apical hypertrophic cardiomyopathy. In this study, the abnor-
mal manifestation of papillary muscles is position shift to the apex. Apically displaced papillary muscle is
defined as the papillary muscle originating from the apical four-chamber view of the left ventricle near the
apical segment of the third, regardless of whether it is associated with hypertrophy of the apical segment.
Under normal circumstances, myocardial cell repolarization is from the epicardium to the endocardium. The
obvious T-wave inversion may represent physiological changes during rapid ventricular repolarization. On
the other hand, the T-wave inversion may be due to hereditary heart muscle disease or it may be normal
variation?. According to Victor and Nayak’s research, in the anterior-lateral group of papillary muscles,
only 1.5% of the papillary muscles originate from the middle and lower third. In the papillary muscles of
healthy subjects, there are usually two sets of anterolateral and posteromedial muscles of equal size in the left
ventricular cavity (Figure5). However, in this study, echocardiography showed that 11 cases of anterolateral
papillary muscle base originated from 1/3 of the apex(Figure6), and 2 cases of posterior internal papillary
muscle base originated from the posterior and medial apex of the left ventricle 1/3 (Figure 7) and some
patients have morphological variations in the papillary muscles, divided into multiple groups (Figure8). The
results showed that the position of the displaced, thick, and grouped papillary muscles was consistent with
the corresponding lead changes of the conventional 12-lead ECG, and the corresponding rate was more than
90%. After 5 years of follow-up, the patient’s ECG and echocardiogram showed no abnormal changes and
no cardiovascular events occurred. The presence of GNT in the differential diagnosis of electrocardiogram
GNT may indicate that the patient has apical hypertrophy, especially when GNT is difficult to interpret,
it must be taken into account, and has certain predictive value. Apical hypertrophic cardiomyopathy is a
subtype of hypertrophic cardiomyopathy, which is limited to the apex of the heart, and Japan accounts for
about 24% [5,6]. Apical hypertrophy is defined as the thickest part of the apical part [?]15mm, and the
ratio of the thickest part to the posterior wall [?]1.5. This is the characteristic [7] of echocardiography in
clinically suspected apical hypertrophy [8]. Kobashi [9]and others believe that papillary muscle hypertrophy
is an early form of hypertrophic cardiomyopathy. GNT can exist in single papillary muscle hypertrophy
[10,11]. Papillary muscle hypertrophy is defined as at least one group of papillary muscles with a diameter
[7] 1.1 cm. Echocardiography is the main method of diagnosing the disease, with a specificity of 90%,
but in our study, we found that two-dimensional echocardiography did not show evidence of left ventricular
hypertrophy. At the same time, we know that the clinical manifestations depend on the onset of emergency,
mitral regurgitation, and primary disease. Mild papillary muscle insufficiency that occurs gradually can be
asymptomatic due to its small effect on hemodynamics. In severe cases, palpitations, shortness of breath,



cough, fatigue, etc. may appear.

The purpose of this study was to compare the evaluation of myocardial ischemia with 12-lead ECG and the
evaluation of early myocardial ischemia by combining multiple ultrasound imaging methods.

3.Discussion

This study aimed at the cases where GNT was diagnosed as myocardial ischemia. After careful examination
and combined with electrocardiogram and echocardiography, it was found that the position of the papillary
muscle deformity moved down, and the papillary muscles were found to be hypertrophic and branched. Most
of the papillary muscles (95%) are attached to the middle third, and only a small portion (5%) is located
in the middle and lower third. It was confirmed that the base of the papillary muscle originated in the
lower third of the left ventricular cavity, regardless of whether it was complicated with apical hypertrophy.
On two-dimensional ultrasound, we found that 2 of them had posterior medial papillary muscles moving
down and 2-3 groups of branches appeared, and the corresponding ECG leads showed T wave inversion.
Left ventricular angiography clearly shows that the 11 patients in this study not only had papillary muscle
hypertrophy, but the position of the papillary muscles moved downward, and some patients had multiple
sets of deformities that led to end-systolic occlusion of the left ventricular apex. Studies have shown that
papillary muscles have different morphological functions in samples of different types of papillary muscles
[12]. These different patterns can be traced back to embryonic development and are related to changes in
morphological characteristics of papillary muscles with incompletely differentiated left ventricular trabeculae
[13]. In these 11 patients, the four-chamber view clearly showed that the anterolateral papillary muscle
hypertrophy was reduced under the left ventricular angiography. The basal base originated from the 1/3 of
the left ventricular apex, which was inserted into the anterior mitral valve. There are several branches in
science, including 2 cases with posterior medial papillary muscle downward and 2-3 groups of branches, and
the corresponding ECG leads have T wave inversion. In this case, if an abnormal T wave inversion occurs on
the electrocardiogram, the position and morphological variation of the papillary muscles should be considered.
In fact, in the past, on conventional echocardiography, due to poor apical sound transmission, information
such as the position of the left ventricular apex and papillary muscles was often ignored. Left ventricular
acoustic contrast can help improve the sensitivity of diagnosis, which has good specificity and repeatability.
When we find that GNT exists in the 12-lead ECG and consider myocardial ischemia, echocardiography
combined with left heart sonography should be used to give a clear diagnosis. This is very important for
comparing and differential diagnosis of GNT. In this study, it was shown that the positional displacement
and deformed papillary muscles are consistent with the conventional 12-lead ECG T wave inversion site,
and the coincidence rate is more than 90%. We believe that it actually causes the negative ventricular
extension of the relevant part. Therefore, the origin of abnormal papillary muscle location and papillary
muscle morphology can also lead to the occurrence of GNT [14]. Isolated papillary muscle hypertrophy
does not belong to the category of hypertrophic cardiomyopathy. In many cases, the two overlap. In the
study population, overlaps need to be excluded. Isolated papillary muscle hypertrophy can cause T wave
inversion, and an abnormally located papillary muscle with abnormal origin can also cause GNT. Changes
in the shape and position of the papillary muscle may cause certain diseases. Some scholars have studied
the relationship between papillary muscle morphology and cardiac arrest [15]. Parapapillary muscle and
papillary muscle hypertrophy are associated with unexplained sudden cardiac arrest. Therefore, when GNT
appears on the ECG, further echocardiography Examination of the chart to confirm the diagnosis is of guiding
significance to the clinic. Therefore, when there is unexplained GNT, we need to consider the position of
the papillary muscles close to the apex of the heart. Further supportive diagnostic tools can also rely
on laboratory data, echocardiography, left ventriculography, coronary angiography, and cardiac CT / MRI
analysis Comprehensive analysis of cardiac arrest [16]. The identification of papillary muscles close to the
apex and apical hypertrophic cardiomyopathy is also clinically significant. Papillary muscle hypertrophy is
the single factor that causes these ECG abnormalities to cause left ventricular wall hypertrophy. Limitations
of this study: (1) Selecting patients from the People’s Hospital of China Medical University as the research
object may have a certain selection bias due to the regional and economic nature of the disease. (2) This
study is a single-center small sample study. But the heart is different from the thyroid or liver, and its



individual differences are quite large. Although this study believes that the clinical manifestations of gross
deformity of the papillary muscles and lowering of the position show that GNT is not an effective factor for
myocardial ischemia, these results require the verification of large multicenter samples. Due to the small
sample size, this study did not classify by different pathological types, and whether there are differences
in myocardial ischemia of different pathological types during ultrasound examination remains unresolved.
(3) In addition, due to the limitations of medical ethics, cardiac examinations cannot perform large sample
testing at multiple centers.

This study first confirmed the relationship between the papillary muscle deformity and the inversion t wave
and cardiac ischemia. However, in early detection of myocardial ischemia, the significance of applying 12-lead
ECG and ultrasound imaging requires further research.

Abbreviations and acronyms:
electrocardiograms(ECGs)

giant negative T-wave(GNT)

left ventricular ejection fraction (LVEF)
apically displaced papillary muscle (ADPM)
apical hypertrophic cardiomyopathy (Ap HCM)
hypertrophic cardiomyopathy (HCM)
dilated cardiomyopathy (DCM)

cardiac magnetic resonance (CMR)
computerized tomography (CT)

magnetic resonance imaging (MRI)
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Figure 1: Twelve-lead electrocardiogram (a, b, ¢, d)
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Figure 2 The papillary muscles are in normal position.
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Figure 4 LVO of the same patient shows that the anterolateral papillary muscles are close to the
apex, thick and divided into two groups.



Figure 5 LVO of the same patient shows that the posterior medial papillary muscle is close to the
apex, thick and divided into two groups.

Figure 6 The same patient's apical four-chamber heart LVO shows that the anterolateral papillary
muscles are close to the apex and thick.



Figure 7 Apical three-chamber LVO showed that the posterior medial papillary muscle was close

to the apex and was divided into 2 groups.
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