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Long-Term Follow-up of Patients With Isolated
Left Ventricular Noncompaction
– Role of Electrocardiography in Predicting Poor Outcome –
Jan Steffel, MD; David Hürlimann, MD; Mehdi Namdar, MD; Dragan Despotovic;
Richard Kobza, MD; Thomas Wolber, MD; Johannes Holzmeister, MD;
Laurent Haegeli, MD; Corinna Brunckhorst, MD; Thomas F. Lüscher, MD;
Rolf Jenni, MD; Firat Duru, MD

Background: Abnormal baseline electrocardiograms (ECGs) are common in patients with isolated left ventricular noncompaction (IVNC). Whether certain electrocardiographic parameters are associated with a poor clinical
outcome, however, remains elusive. The present study was therefore designed to comprehensively assess the
predictive value of baseline ECG findings in patients newly diagnosed with IVNC.
Methods and Results: 74 patients diagnosed with IVNC were included in the analysis. During follow-up, 8 patients (11%) died of a cardiovascular cause or underwent heart transplantation (primary outcome measure). On
univariate analysis, several variables, including repolarization abnormalities (ST segment elevation/depression,
T-wave inversion) in the inferior leads (5-year estimator: 67.1±10.7% vs. 98±2.2%; P=0.001), an increase in PQ(hazard ratio (HR) 1.032, P=0.004) and QTc-duration (HR 1.037, P=0.001), were predictive of cardiovascular death
or heart transplantation. On multivariate analysis, only PQ- and QTc-duration and the presence of repolarization
abnormalities in the inferior leads remained significantly predictive of a poor outcome.
Conclusions: PQ duration, QTc duration, and repolarization abnormalities in the inferior leads are independently
predictive of a poor prognosis in IVNC. Further prospective studies are required to conclusively investigate the usefulness of baseline ECG parameters for risk stratification in patients with IVNC. (Circ J 2011; 75: 1728 – 1734)
Key Words: Electrocardiography; Noncompaction cardiomyopathy; Outcome predictors

solated left ventricular noncompaction (IVNC) is a primary congenital cardiomyopathy1 that is morphologically characterized by a two-layered structure of the
myocardium, consisting of a non-compacted, severely thickened endocardial layer, and a compacted, thin epicardial
layer.2,3 The clinical spectrum of presentation, as well as the
clinical course, of these patients is highly variable, ranging
from asymptomatic, coincidental discovery of the disease to
severe heart failure and sudden cardiac death.3–5 In patients
with severe heart failure, the prognosis of IVNC is dismal,
with endstage heart failure and malignant ventricular arrhythmias being the most common causes of death.6,7 Therefore,
early risk stratification is of particular interest in the management of these patients.8
Abnormal baseline electrocardiograms (ECGs) are common

I

in patients with IVNC; indeed, we previously showed that
in a large cohort only 11% of patients with a new diagnosis
of IVNC had a completely normal ECG study.9 Whether
certain electrocardiographic features are associated with a
poor clinical outcome, however, remains elusive. The present study was therefore designed to comprehensively assess
the predictive value of baseline ECG findings in patients
with newly diagnosed IVNC.

Methods
Study Population
All patients first diagnosed with IVNC at the University
Hospital of Zurich were included if a baseline ECG from
the time of first diagnosis was available.9 In our large cohort
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Table 1. Baseline Clinical and Echocardiographic Parameters
at the Time of Initial Diagnosis of Isolated LV
Noncompaction
Clinical characteristic
Male
Age at diagnosis (years)

53 (72)
42.6 (±16.3)

Clinical presentation
Congestive heart failure

25 (34)

Syncope/presyncope

10 (14)

VT/VF, asystole

6 (8)

Coincidence

8 (11)

Family screening

4 (5)

Systemic embolism

6 (8)

Medications
β-blocker

20 (34)

ACE inhibitor/ARB

24 (41)

Amiodarone
ASA/OAC

6 (11)
28 (49)

Echocardiography
LV ejection fraction (%)
LV end-diastolic diameter (cm/m2)
LV end-diastolic volume (ml/m2)

40 (±19)
3.27 (±1)
85.23 (±47)

Data are no. of patients (%) or mean (± SD) for categorical or continuous data, respectively.
LV, left ventricular; VT, ventricular tachycardia; VF, ventricular
fibrillation; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; ASA, aspirin; OAC, oral anticoagulation; SD,
standard deviation.

dominant segmental location of the abnormality; (3) evidence of deep intertrabecular recesses perfused with blood
from the left ventricular (LV) cavity as assessed by color
Doppler ECG (Figure 1); and (4) absence of coexisting cardiac anomalies (other than 2–4). The latter is of importance
as, by definition, these patients do not fulfill the criteria of
isolated non-compaction cardiomyopathy. At our center, we
have furthermore abandoned the diagnosis of right ventricular
(RV) non-compaction, as it can be very difficult to correctly
differentiate between normal variants of the usually highly
trabeculated right ventricle and pathological forms.3,6,10

Figure 1. Kaplan-Meier curves of the cumulative outcome
measures: freedom from cardiovascular death (A, red)
cumulative survival (B, blue), and freedom from ventricular
arrhythmias (C, green). Average follow-up was 57 months
(range 0–153.4 months). Of note, the 2 patients with the
longest available follow-up died, resulting in the sudden
drop in the Kaplan-Meier curve shown in (B).

of patients diagnosed with IVNC between January 1995 and
November 2008, baseline ECGs were available in 78 cases.
Echocardiographic criteria for the diagnosis of IVNC were
the same as previously published3,6,9 and remained unchanged
during the entire study period: (1) two-layered structure of
the myocardium with a thick, non-compacted endocardial
layer consisting of a trabecular meshwork with deep endocardial spaces and a much thinner, compacted epicardial layer,
with a maximum endsystolic ratio of the non-compacted
endocardial layer to the compacted myocardium ≥2; (2) preCirculation Journal

Electrocardiography
All baseline ECGs were independently analyzed by 2 experienced readers (J.S. and F.D.) by consensus.9 Standard criteria for ECG findings11–13 were applied, including: P mitrale
(P-wave duration ≥0.11 s and biphasic P-wave in V1); P pulmonale (P-wave voltage ≥0.2 mV in leads II and III); firstdegree atrioventricular (AV) block (PQ interval ≥200 ms);
voltage criteria for RV hypertrophy (R in V1 or V2 (whichever
is largest) + S in V5 or V6 (whichever is largest) ≥1.05 mV);
voltage criteria for LV hypertrophy (S in V1 or V2 (whichever
is largest) + R in V5 or V6 (whichever is largest) ≥3.5 mV).
Repolarization was considered abnormal when significant
ST-segment depression or elevation (>0.1 mV and >0.2 mV
in limb and precordial leads, respectively) or T-wave alterations including T-wave inversion was present.
Follow-up and Outcome Measures
For analyses of follow-up parameters, patient files at our center were reviewed. Furthermore, the patients’ general practitioners and/or external cardiologists (if available), as well as
the patients themselves, were contacted and questioned about
their state of health, intercurrent hospitalizations or compliVol.75, July 2011

1730

STEFFEL J et al.

Table 2. Baseline Electrocardiographic Findings at the Time
of Initial Diagnosis of Isolated LV Noncompaction
n

74

Normal study

10 (14)

Rhythm

Table 3. Clinical Follow-up
Follow-up duration (months)

57.9 (±41.5)

Follow-up available

74 (95%)

Lost to follow-up

4 (5%)

Events during follow up

Sinus rhythm

70 (95)

Death/heart transplantation

11 (15)

Atrial fibrillation/atrial flutter

3 (4)

Non-sustained VT

17 (23)

AV block III°

3 (4)

Sustained ventricular tachyarrhythmia

10 (14)

Heart rate (beats/min)

77 (±19)

Atrial activation

Cause of death/heart transplantation
Endstage congestive heart failure

4 (36)

PQ interval (ms)

168 (±33)

Ventricular arrhythmia

3 (27)

P wave duration

104 (±27)

Myocardial infarction

1 (9)

AV block I°

12 (16)

Subarachnoid hemorrhage

1 (9)

P mitrale

18 (24)

Cancer

1 (9)

P pulmonale

11 (15)

Unknown

1 (9)

Ventricular depolarization
QRS duration (ms)

109 (±32)

Conduction delay (all)

23 (31)

Right bundle branch block

Data are no. of patients (%) or mean (± SD) for categorical or continuous data, respectively.
Abbreviations see in Table 1.

2 (3)

Left bundle branch block

14 (19)

Nonspecific intraventricular conduction delay

7 (9)

Incomplete right bundle branch block

2 (3)

Left anterior fascicular block

3 (4)

Left posterior fascicular block

fraction (LVEF), LV end-diastolic diameter, age or gender.
Cumulative survival was calculated by the Kaplan-Meier
method. A P-value <0.05 was considered significant.

0 (0)
35 (47)

Results

LVH

28 (38)

RVH

5 (7)

Baseline Characteristics
We previously reported on the baseline clinical, electrocardiographic, and echocardiographic findings of our cohort of
78 patients with newly diagnosed IVNC in whom a baseline
ECG was available.9 Follow-up was available in 74 (95%)
of these patients for a mean follow-up period of 58 months.
Their baseline clinical and echocardiographic characteristics
are summarized in Table 1, and baseline electrocardiographic
findings are presented in Table 2. In view of the low rate of
patients lost to follow-up, these values are similar to the ones
previously published.9

QRS “notches”

Repolarization
QTc duration (ms)

457 (±51)

Pathologic repolarization

53 (72)

Isolated (ie, no bundle branch block or hypertrophy)

14 (19)

Localization of repolarization abnormality
Anterior leads

18 (24)

Lateral leads

39 (53)

Inferior leads

26 (35)

Data are no. of patients (%) or mean (± SD) for categorical or continuous data, respectively.
AV, atrioventricular; LVH, LV hypertrophy; RVH, right ventricular
(RV) hypertrophy. Other abbreviations see in Table 1.

cations. Follow-up was available for 74 patients (95%), and
only 4 patients (5%) were lost to follow-up.
The primary outcome measure of this retrospective analysis was time to cardiovascular death or heart transplantation. Moreover, increased mortality as well as the development of malignant ventricular arrhythmias have frequently
been reported for IVNC. We therefore chose death of any
cause or heart transplantation, as well as the first episode of
sustained ventricular arrhythmia or appropriate discharge of
an implantable cardioverter defibrillator (ICD), as secondary
outcome measures. The study was approved by the Cantonal
Ethics Committee of Zurich, Switzerland.
Statistical Analysis
Statistical analyses were performed using SPSS 17.0 (SPSS
Inc, Chicago, IL, USA). The influence of categorical and
continuous variables on outcome measures was assessed by
univariate analysis with log rank test and Cox regression
analysis, respectively. Multivariate Cox regression analyses
were performed to determine independent predictors of the
outcome measures, correcting for either baseline LV ejection
Circulation Journal

Follow-up Characteristics
Follow-up data of the entire cohort are presented in Table 3.
During follow-up, 11 patients (15%) died, 8 from a cardiovascular cause; 10 patients (14%) experienced at least one sustained ventricular arrhythmia or appropriate ICD discharge.
Figure 1 summarizes the Kaplan-Meier estimates for cardiovascular death or heart transplantation (Figure 1A), cumulative survival (all cause mortality, Figure 1B) and time to first
sustained ventricular tachycardia (VT) (Figure 1C). The estimated overall 5-year survival was 88%. Endstage heart failure
(4 patients, 36%) and ventricular arrhythmias (3 patients; 27%)
were the most common causes of death.
Electrocardiographic Outcome Predictors
All baseline electrocardiographic parameters listed in Table 2
were analyzed regarding their ability to predict the above
listed outcome measures. Some parameters, including atrial
fibrillation, high-degree AV block, right bundle branch block,
left anterior or posterior fascicular block, and RV hypertrophy were too infrequently present in baseline ECGs to
permit conclusive statistical calculations.
While several parameters were associated with an increased
propensity for cardiovascular death or heart transplantation
on univariate analysis (Table 4), only PQ duration, QTc
duration, and the presence of repolarization abnormalities in
Vol.75, July 2011
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Table 4. Univariate Analysis of Electrocardiographic Parameters for the Outcome Measure of
Cardiovascular Death or Heart Transplantation
A. Categorical
Normal

Present (%)

Absent (%)

P value

100

88±4.6

0.26

AV block I°

75±12.5

92±4.0

0.016

P sinistroatriale

94±5.4

87±5.1

0.88

P dextroatriale

82±12

90±4.4

0.14

Left bundle branch block

84±10

90±4.2

0.67

100

88±4.3

0.40

QRS notch

84±7

94±3.9

0.15

LVH

91±6.4

88±5.2

0.34

LVH or RVH

85±7.1

93±4.0

0.71

Repolarization abnormalities

85±5.4

100

0.09

Isolated repolarization abnormalities

85±10

90±4.4

0.22

Repolarization abnormalities anterior leads

83±8.8

91±4.5

0.41

Repolarization abnormalities lateral leads

79±7.4

100

0.041

Repolarization abnormalities inferior leads

71±10.7

98±2.2

0.001
P value

Intraventricular conduction delay

B. Continuous

HR

95%CI

Heart rate

1.033

0.999–1.069

0.061

PQ duration

1.032

1.01–1.054

0.004

P-wave duration

1.017

0.998–1.035

0.076

QRS duration

1.019

1.001–1.038

0.036

QTC duration

1.037

1.015–1.06

0.001

5-year estimators (± SE) and HR + CI are shown for categorical (A) and continuous variables (B), respectively.
HR, hazard ratio; CI, confidence intervals; SE, standard error. Other abbreviations see in Tables 1, 2.

the inferior leads remained significantly predictive of this
endpoint in multivariate analysis. The 5-year estimator for
freedom from cardiovascular death or heart transplantation
was 72% in the presence and 98% in the absence of repolarization abnormalities in the inferior leads (Figure 2A). The
hazard ratio (HR) for PQ and QTc duration was 1.032 and
1.037, respectively, indicating an increase in the hazard of
3.2% and 3.7% per millisecond PQ and QTc prolongation,
respectively. Cox regression analyses for different PQ and
QTc durations are shown in Figures 2B and C, respectively.
A representative ECG demonstrating the upper limit of PQ
duration, a prolonged QTc interval and (non-specific) repolarization abnormalities in the inferior leads is shown in
Figure 3.
A similar pattern was observed with respect to all-cause
mortality or heart transplantation (Table 5). On multivariate
analysis, only QTc duration and the presence of repolarization abnormalities in the inferior leads were significantly
predictive of a poor outcome.
In contrast, no electrocardiographic predictors of future
ventricular arrhythmias could be derived from baseline ECGs.
Although a trend for P-wave duration (HR 1.015, 95% confidence interval (CI) 0.999–1.032, P=0.067) and QTc duration
(HR 1.011, 95%CI 0.999–1.024, P=0.077) was observed,
this became non-significant after correcting for LVEF.
An entirely normal ECG was found in 10 subjects, none of
whom died or underwent heart transplantation. VT was only
registered in one patient with a normal ECG (polymorphic
VT at first presentation, free of arrhythmias and symptoms
during follow-up).

Discussion
While IVNC has originally been considered a very rare disCirculation Journal

order, with early studies indicating a prevalence of 0.014%
of patients referred to a tertiary care echocardiography center,6 it is now more frequently diagnosed due to increased
awareness of the disease.14 Patients with IVNC have an
increased mortality and an elevated risk of developing malignant ventricular arrhythmias, which is why early markers for
risk stratification are of particular interest in the management of these patients. Investigating the predictive value of
standard ECG parameters is intuitively appealing due to the
method’s widespread availability and low cost, as well as the
largely investigator-independent interpretation of the results.
Several individual factors, including cardioactive medication and comorbidities, may influence ECG findings. However, patients’ comorbidities as well as their medication are
part of the “real world” characteristics of individuals presenting with IVNC, which may also be reflected in their ECGs.
Indeed and this not withstanding, several ECG criteria have
been reported to aid in the diagnosis and predict the outcome
of other cardiomyopathies, including arrhythmogenic RV cardiomyopathy,15,16 takotsubo syndrome,17 and idiopathic dilated
cardiomyopathy.18 Both recent and previous studies examining prognostic indicators in IVNC have focused on the
combination of clinical, echocardiographic and some basic
electrocardiographic predictors of survival, LV dysfunction
or ventricular arrhythmias.6,19,20 In contrast, the present study
was designed to comprehensively analyze ECG patterns at
the time of initial diagnosis and to investigate the predictive
value of all standard 12-lead ECG parameters.
Both AV nodal conduction delay as well as complete AV
block have been described in patients with IVNC.9,21 In the
present study, we demonstrate that PQ duration, analyzed as
a continuous variable, is independently predictive of cardiovascular mortality, even when corrected for LVEF or
end-diastolic diameter. While the latter argues against the
Vol.75, July 2011
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Figure 2. Independent predictors of cardiovascular death
or heart transplantation. (A) Kaplan-Meier curve for freedom
from cardiovascular death in the presence (red line) and
absence (blue line) of pathologic repolarization in the inferior leads (ie, ST segment depression, early repolarisation
or T-wave inversion). (B) Cox regression analysis for QTc
duration of 457 ms (= mean overal QTc duration, black line),
406 ms (mean QTc duration –1 standard deviation (SD), blue
line), and 508 ms (mean QTc duration +1 SD, red line). (C)
Cox regression analysis for PQ duration of 168 ms (= mean
overal QTc duration, black line) 136 ms (mean QTc duration –1 SD, blue line), and 200 ms (mean QTc duration +1
SD, red line).

Circulation Journal

diseased heart itself being responsible for this phenomenon,
the underlying pathophysiological mechanism presently remains elusive. Indeed, a direct affect of the AV node as well
as secondary (or even primary) changes of the atrium may
be involved. Although statistically significant even after multivariate correction, the magnitude of the effect in absolute
terms was low; moreover, the presence of an AV block was
not predictive of a poor outcome, further limiting the specificity of the former finding. Hence, further studies are needed
to both clarify the potential role of PQ prolongation for risk
stratification in IVNC and illuminate the underlying mechanism.
Ventricular depolarization and repolarization are frequently altered in patients with cardiomyopathies. Findings of the
present study indicate that in IVNC, QTc duration is independently associated with an increased risk for cardiovascular
death or heart transplantation. Previous studies have demonstrated that a pathologic QT duration may be of prognostic
importance in dilated and hypertrophic cardiomyopathy.18,22,23
In the latter, a correlation was found between LV hypertrophy and QTc duration. In contrast, we were unable to detect
an association between LV wall thickness and QTc duration
in our IVNC cohort, but rather between QTc prolongation
and LV dilation and reduced LV systolic function.9 During
follow-up, however, QTc duration remained associated with
a poor outcome when correcting for LVEF or end-diastolic
diameter. Since QTc prolongation was also not predictive of
future ventricular arrhythmias, the mechanism for the observed
effect is currently elusive. Transmyocardial differences in
contraction, which has previously been shown for patients
with long QT syndrome,24 with subsequent myocardial dysfunction may be involved, but further studies are necessary
in this regard. Furthermore, as with PQ duration, the magnitude of the effect was low, so the clinical value of this finding
presently remains uncertain.
Finally, the presence of repolarization abnormalities in the
inferior leads was associated with an increased risk for cardiovascular death or heart transplantation. Although it is intuitively conceivable that such repolarization abnormalities are
caused by non-compacted segments in the corresponding LV
segments, only a moderate degree of such a correlation was
observed in our cohort.9 Moreover, repolarization abnormalities in the inferior leads by themselves represent a rather
unspecific finding, and can readily be found, especially in
patients with a cardiomyopathy, indicating limited usefulness in the risk stratification of patients with IVNC.
On univariate analysis, heart rate at presentation and QRSduration were also associated with a poor outcome, which
were no longer significant, however, after correction for
LVEF. It is therefore likely that alterations in these parameters are more reflective of the diseased heart itself, rather
than being specifically related to IVNC.
An entirely normal ECG was found in 10 subjects; at presentation, these patients were significantly younger and had
better LV systolic function,9 and none of them died or underwent heart transplantation during follow-up. Although statistical significance was not reached for these outcome measures, this may be due to the low absolute number of patients.
Our data nevertheless do imply that an entirely normal ECG
is associated with a favorable prognosis, which may equally
have important implications for patient management.
Left bundle branch block (LBBB) as well as atrial fibrillation have previously been associated with a poor prognosis
in a smaller cohort of 34 patients with IVNC.6 In the present study, neither the presence of LBBB nor increasing QRS
Vol.75, July 2011
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Figure 3. Representative electrocardiogram demonstrating upper limit PQ duration (195 ms), prolonged QTc duration (520 ms)
and non-specific repolarisation abnormalities in the inferior and lateral leads.

Table 5. Univariate Analysis of Electrocardiographic Parameters for the Outcome Measure of Death From
Any Cause or Heart Transplantation
A. Categorical
Normal

Present (%)

Absent (%)

P value

100

86±4.6

0.23

AV block I°

75±12.5

90±4.3

0.12

P sinistroatriale

94±5.4

85±5.3

0.97

P dextroatriale

82±12

89±4.5

0.12

Left bundle branch block

84±10

89±4.4

0.86

100

87±4.5

0.37

QRS notch

84±7

92±4.5

0.50

LVH

91±6.4

86±5.4

0.24

LVH or RVH

85±7.1

91±4.5

0.94

Repolarization abnormalities

83±5.5

100

0.07

Isolated repolarization abnormalities

79±11

90±4.4

0.07

Repolarization abnormalities anterior leads

83±8.8

89±4.7

0.56

Repolarization abnormalities lateral leads

77±7.5

100

0.025

Repolarization abnormalities inferior leads

68±10.6

97.8±2.2

<0.001

Intraventricular conduction delay

B. Continuous

HR

95%CI

P value

Heart rate

1.036

1.004–1.068

0.025

PQ duration

1.023

1.003–1.044

0.021

P-wave duration

1.017

0.999–1.034

0.057

QRS duration

1.015

0.998–1.033

0.093

QTC duration

1.03

1.012–1.047

0.001

5-year estimators (± SE) and HR + CI are shown for categorical (A) and continuous variables (B), respectively.
Abbreviations see in Tables 1, 2, 4.

duration was independently predictive for any of the outcome measures, including cardiovascular death and heart
transplantation. Atrial fibrillation was only present in 3 of our
patients with newly diagnosed IVNC, and could therefore not
be statistically evaluated. The reason for the discrepancy
between our current and previous analyses is most likely
related to the difference in study populations. In the current
study, we limited our analysis to patients in whom a baseline
Circulation Journal

ECG was available in order to examine the predictive value
of “genuine” IVNC ECGs, independent of any foregoing
therapy. As a result, patients were not included in the study
when a baseline ECG was unavailable, which was mostly
the case when the time of diagnosis dated back to more than
10 years ago. At that point in time, IVNC was most frequently
diagnosed at an advanced symptomatic stage.6 In contrast,
during the more recent years in which most patients of the
Vol.75, July 2011
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current study were included, individuals affected with IVNC
have frequently been identified at a less advanced disease
stage due to an increased awareness of the disease or during
family screening, leading to a greater representation of asymptomatic subjects in our cohort.9
Ventricular arrhythmias are among the most feared complications in IVNC. Indeed, both benign as well as life-threatening arrhythmias, including VT and ventricular fibrillation,
may readily be encountered in these patients.4,9,25,26 In the
current study, none of the ECG parameters was predictive of
severe ventricular arrhythmias during follow-up. Identifying
patients likely to suffer malignant ventricular arrhythmias
hence remains a challenge in patients with IVNC. Indeed, we
previously showed that even an electrophysiologic study is of
limited value in most patients as a tool for risk stratification
for future arrhythmic events.4 Nevertheless, implantation of
an ICD has proven effective for primary and secondary prevention in IVNC patients,27,28 and should thus be considered
in patients clinically judged to be at high risk for arrhythmic
events.
In summary, our current study is the largest so far to comprehensively investigate the predictive value of baseline
ECGs in patients newly diagnosed with IVNC. While a completely normal ECG at presentation was suggestive of a
favorable long-term outcome, prolongation of PQ duration
and QTc duration as well as the presence of repolarization
abnormalities in the inferior leads were independently predictive of a poor prognosis. In view of the widespread availability, low cost, and investigator-independent interpretation of
these easy-to-measure ECG parameters, our findings may be
of value for selected patients with IVNC. The specificity of
these findings as well as the magnitude of the effects in absolute terms, however, are limited and their clinical value for
risk stratification of the general IVNC population therefore
remains uncertain. Further prospective studies are therefore
required to conclusively investigate the usefulness of baseline ECG parameters for risk stratification in patients with
IVNC.
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