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Abstract. – Background and Objectives:
Atrioventricular plane displacement is a well-ac-
cepted method for assessment of left ventricular
systolic function. We explored the ability of atri-
oventricular plane displacement to predict in-
hospital outcome in patients with acute ST-ele-
vation myocardial infarction.

Materials and Methods: Ninety three pa-
tients with acute ST-elevation myocardial infarc-
tion were prospectively included. Each patient un-
derwent trans-thoracic echocardiography for mea-
surement of the ejection fraction by the Simpson’s
method. Atrioventricular plane displacement was
measured from the apical views, assessed in four
different regions, namely, the septal, lateral, anteri-
or and inferior ones, and the mean value was cal-
culated. We used a cutoff value to classify pa-
tients into a group with atrioventricular plane dis-
placement < 10 mm and another with atrioventric-
ular plane displacement ≥ 10 mm. Similarly, pa-
tients were classified into those with ejection frac-
tion < 40% and others with ejection fraction ≥ 40%.
All patients were followed-up during their in-hos-
pital stay for the occurrence of major adverse car-
diac events, namely, death, heart failure, complex
ventricular arrhythmias, post-infarction angina, or
mechanical complications.

Results: During the follow-up period (3±1.5
days), major adverse cardiac events occurred in
16 (72.7%) patients with atrioventricular plane
displacement < 10 mm, and in 6(8.5%) patients
with atrioventricular plane displacement ≥ 10
mm, p < 0.01. An atrioventricular plane displace-
ment below 10 mm was able to predict the oc-
currence of major events with a sensitivity
72.7%, specificity 91.5%, negative predictive val-
ue (NPV) 91.5%, positive predictive value (PVP)
72.7%. Similarly, an ejection fraction below 40%
predicted the occurrence of major events with a
sensitivity 72.7%, specificity 90.1%, NPV 91.4%,
PVP 69.6%. We found a strong correlation be-
tween an atrioventricular plane displacement <
10 mm, and an ejection fraction < 40%, p < 0.01.

Conclusion: Left atrioventricular plane dis-
placement below 10 mm, can adequately predict
the occurrence of in-hospital major adverse car-
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Introduction

There is a good evidence that prognosis after
myocardial infarction is closely related to the ex-
tent of left ventricular (LV) systolic dysfunction1;
traditionally expressed as the ejection fraction
(EF). However, methods to assess the EF have
their drawbacks. Estimation of ejection fraction
by linear M-mode measurements is unreliable
when LV contraction is asymmetrical in the pres-
ence of gross regional wall motion abnormality,
which is the usual case after myocardial infarc-
tion2. Biplane two-dimensional estimation of EF
tolerates asymmetry but requires a good image
quality for adequate tracing of the endocardial
borders, which is not always obtainable3. 

Left ventricular pump function was long con-
sidered the result of action of the circumferen-
tially oriented myocardial fibers. However, the
complexity of myocardial fiber orientation and
the importance of longitudinal fibers were thor-
oughly described in man since the early 1980s4.
Since the distance between the apex and the
chest surface is constant during the cardiac cycle,
the left atrioventricular plane displacement
(AVPD), measured from the surface of the thorax
using trans-thoracic two-dimensional-guided M-
mode echocardiography, equals longitudinal axis
shortening of the LV5. 
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A growing body of data has demonstrated the
crucial importance of the LV longitudinal sys-
tolic function. In one study, based on cardiac
magnetic resonance evaluation, left AVPD con-
tributed for almost 60% of the stroke volume in
healthy subjects, athletes, and in patients with di-
lated cardiomyopathy6. Moreover, decreased left
AVPD predicted the onset of hypertension7, and
was an independent predictor of cardiovascular
risk in hypertensive patients8. Additionally, deter-
mination of left AVPD guided the timing of
surgery in patients with chronic aortic regurgita-
tion whose LV dimensions and EF were not con-
clusive9.

In a prospective study design, we sought to ex-
plore the ability of left AVPD to predict in-hospi-
tal outcome in patients with acute ST-elevation
myocardial infarction.

Materials and Methods

Patient Selection
We enrolled 93 consecutive patients admitted

to our Critical Care Unit during the period from
October 2008 to July 2009, with the diagnosis
of acute ST segment elevation myocardial in-
farction (STEMI). The diagnosis of STEMI
was based on 12-lead electrocardiogram show-
ing persistent ST segment elevation ≥ 1 mm in
at least two contiguous leads plus one of the
following: (1) prolonged chest discomfort typi-
cal of myocardial ischemia, (2) elevated cardiac
biomarkers: CK MB and/or troponin more than
twice the upper limit of normal lab reference.
We excluded patients with transient ST seg-
ment elevation due to coronary artery spasm,
non- STEMI, and left bundle branch. Before in-
clusion, an informed consent was obtained
from each patient and the study protocol was
reviewed and approved by our local Institution-
al Human Research Committee as it conforms
to the ethical guidelines of the 1975 Declara-
tion of Helsinki, as revised in 2000.

Definition of Risk Factors
The presence of hypertension was defined as a

systolic blood pressure ≥ 140 mmHg and/or a di-
astolic blood pressure ≥ 90 mmHg, previously
recorded by repeated non-invasive office mea-
surements, which leads to life-style modification
or antihypertensive drug therapy. Diabetes melli-
tus was defined according to the diagnostic crite-

ria described by the American Diabetes Associa-
tion as a fasting plasma glucose ≥ 126 mg/dl,
and/or a 2-hour postload glucose ≥ 200 mg/dl, or
specific anti-diabetic drug therapy. 

Pharmacological Management
Patients eligible for reperfusion therapy (pre-

senting within 12 hours after symptom onset, or
presenting thereafter with persistent symptoms),
received pharmacological reperfusion therapy in
the form of streptokinase infusion 1,500,000
units over 30-60 minutes. All standard anti-is-
chemic medications were allowed and remained
unchanged during the study period. 

Echocardiographic Evaluation
Assessment of LV systolic function was per-

formed in all patients by trans-thoracic echocar-
diography within 24 hours of admission. Doppler
echocardiography was performed using a Gener-
al Electric Vivid 7 Pro cardiac ultrasound ma-
chine (General Electric, Norway). A 2.5 MHz
phased array probe was used to obtain standard
two-dimensional, M-mode and Doppler images.
Patients were examined in the left lateral recum-
bent position using standard parasternal long axis
and apical views. AVPD was measured by two-
dimensional-guided M-mode as the distance cov-
ered by the atrioventricular plane (delineated at
the mitral valve annulus) from the position most
remote from the apex (at the onset of systole), to
the position closest to the apex (at end-systole). It
was assessed from the septal and lateral segments
in apical 4-chamber view, and from the anterior
and inferior segments in apical 2-chamber view,
being calculated from an average of 2 cardiac cy-
cles at each site, in patients with sinus rhythm,
and 4 cycles in patients with atrial fibrillation.
The mean value of AVPD was calculated for
each patient. Additionally, LV EF was measured
using the biplane Simpson’s method from the
apical 4- and 2-chamber views. Patients were
stratified according to the AVPD into a group
with a mean AVPD < 10 mm, and another with a
mean AVPD ≥ 10 mm. Alternatively, they were
classified according to the two-dimensional LV
EF into a group with EF < 40%, and another with
EF ≥ 40%.

In-Hospital Follow-up
Patients were followed up during their in-hos-

pital course for the occurrence of major adverse
cardiac events (MACE) namely: death, heart fail-
ure, complex ventricular arrhythmias (sustained
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Whole Cohort AVPD ≥10 mm AVPD <10 mm
(N = 93) (N = 71) (N = 22) P value

Age (years) 55.2 ± 11 53 ± 11 59 ± 12 > 0.05
Males 68 (73.1) 52 (73.2) 16 (72.7) > 0.05
Smoking 68 (73.1) 46 (64.8) 16 (72.7) > 0.05
Diabetes 44 (47.3) 29 (40.8) 15 (68.2) > 0.05
Hypertension 46 (49.5) 29 (40.8) 17 (77.3) < 0.05 
Prior MI 6 (6.5) 2 (2.8) 4 (18.2) > 0.05
Prior PCI 3 (3.2) 1 (1.4) 2 (9.1) > 0.05
Prior CABG 0 (0) 0 (0) 0 (0) –
Systolic BP (mmHg) 125 ± 11 125 ± 11 122 ± 12 > 0.05
Diastolic BP (mmHg) 80 ± 8 80 ± 6 80 ± 8 > 0.05
Heart rate (bpm) 80 ± 7 80 ± 7 81 ± 8 > 0.05
CK MB (ng/ml) 124 ± 81 112 ± 79 160 ± 73 < 0.01
Fibrinolytic therapy 81 (87.1) 65 (91.5) 16 (72.7) > 0.05

Table I. Baseline characteristic of the whole study cohort and the 2 subgroups.

All continuous variables are presented as mean ± SD, while categorical variables are presented as numbers (percentage). MI in-
dicates myocardial infarction; PCI: percutaneous coronary intervention; CABG: coronary artery bypass grafting; BP: blood
pressure; bpm; beats per minute; AVPD: atrioventricular plane displacement.

ventricular tachycardia or ventricular fibrilla-
tion), early post-infarction angina, or mechanical
complications. Heart failure was diagnosed clini-
cally according to the standard criteria. Complex
ventricular arrhythmias were documented by
monitor ECG strip or by 12-lead ECG recording.
Early post-infarction angina was defined as re-
current typical chest discomfort during hospital
admission following relief of that of the index
myocardial infarction. Mechanical complications
(recorded by echocardiography) included: acute
mitral regurgitation, rupture of the interventricu-
lar septum, LV pseudo-aneurysm formation, and
rupture of the LV free wall.

Statistical Analysis
All continuous variables were presented as

means ± SD, if they were normally distributed.
Data were tested for normal distribution using
the Kolmogorov-Smirnov test. Categorical vari-
ables were described with absolute and relative
(percentage) frequencies. Comparisons between
the 2 subgroups regarding the frequency of oc-
currence of a single major event was studied by
χ2 test or Fisher’s exact test (two-tailed) if the ex-
pect count in any cell was < 5. Comparisons be-
tween the 2 subgroups regarding the frequency of
occurrence of the total MACE was performed us-
ing the logistic regression analysis, for either the
AVPD or the EF. All tests were two-sided and a
probability value of p < 0.05 was considered sta-

tistically significant. Analyses were performed
with SPSS version 12.0 statistical package (SPSS
Inc., Chicago, IL, USA).

Results

A total of 93 patients were included in the cur-
rent study, with a definite diagnosis of STEMI on
admission. Baseline characteristics of the overall
cohort as well as the two individual subgroups
are shown in Table I. The mean age was 55.2 ±
11 years, 68 (73%) being males. The duration of
hospital stay ranged from 1 to 11 (mean 3 ± 1.5)
days. When patients were classified according to
the AVPD, no statistically significant difference
was found between patients with AVPD < 10
mm, and those with AVPD ≥ 10 mm as regards
any of the baseline characteristics, except for hy-
pertension which was found more frequently in
patients with AVPD < 10 mm, in comparison
with their counterparts (p < 0.05), and peak CK
MB level which was significantly higher among
those with AVPD < 10 mm (p < 0.01).

Table II shows echocardiographic characteris-
tics of the whole series. The mean value of the
LV EF was 51.5 ± 10.8%, while the mean value
of the AVPD was 12 ± 2.6 mm for the whole
study cohort. Seventy one patients (76.3%) had a
mean AVPD ≥ 10 mm, while 22 (23.7%) had a
mean AVPD < 10 mm.
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On follow-up, one female patient (age 80
years) died 1 day after admission, as a result of
rupture of the interventricular septum. As shown
in Table III, 17 patients developed heart failure,
10 had complex ventricular tachyarrhythmias,
and 6 experienced early post-infarction angina.
When patients were stratified according to the
AVPD, heart failure was significantly less fre-
quent among patients with AVPD ≥ 10, mm
compared with those with AVPD < 10 mm [1
(1.4%) versus 16 (72.7%), p < 0.01]. Similarly,
ventricular tachyarrhythmias and post-MI angina
were significantly less frequent in this subgroup
of patients [4 (5.6%) versus 6 (27.3%), p < 0.01;
and 2 (2.8%) versus 4 (18.2%), p < 0.05, respec-
tively].

Patients with AVPD < 10 mm had a significant
excess of all MACE as compared to those with
AVPD ≥ 10 mm [16 (72.7%) versus 6 (8.5%), p <
0.01]. AVPD < 10 mm was able to predict the oc-
currence of MACE with a sensitivity 72.7%, speci-
ficity 91.5%, negative predictive value (NPV)
91.5%, positive predictive value (PPV) 72.7%.

Likewise, when patients were stratified ac-
cording to the LV EF, patients with an EF <
40% had significantly more MACE than their
counterparts with an EF ≥ 40% [16 (69.6%)
versus 6 (8.6%), p < 0.05]. LV EF < 40% pre-
dicted the occurrence of MACE with a sensitiv-
ity 72.7%, specificity 90.1%, NPV: 91.4%,
PPV: 69.6%.

Finally, we found a close correlation between an
AVPD < 10 mm and an LV EF < 40%, p < 0.01.

Discussion

Left ventricular systolic function is the single
most powerful predictor of outcome after my-
ocardial infarction. In this sense, fractional short-
ening and Teichholz EF are not reliable when LV
contraction is asymmetrical2,10, in which case,
two-dimensional EF can be reliable, however, it
is not always accessible3. AVPD reflects global
LV longitudinal systolic function despite LV
asymmetry since it is determined in four different
regions of the left ventricle, namely, the septal,
lateral, anterior and inferior regions. It demands
very little of image quality since the atrioventric-
ular plane is highly echogenic and examination is
rapidly performed11. In a late-breaking study,
standard M-mode imaging of the left AVPD was
shown as a reliable method for assessment of LV
longitudinal systolic function12. Other lines of ev-
idence suggest that left AVPD decreases in pa-
tients with heart failure and preserved EF13 and
in patients with diabetes mellitus and/or hyper-
tension14.

In this investigation we explored the value of
left AVPD to predict in-hospital complications af-
ter STEMI. To the best of the Authors’ knowledge,
the current study was the first to use a cutoff value
of 10 mm of the mean AVPD to stratify patients

Echocardiographic
parameter Mean ± SD

EDD (mm) 49.9 ± 7.4
ESD (mm) 35.7 ± 7.1
2-D EF (%) 51.5 ± 10.8
Mean AVPD (mm) 12 ± 2.6
AVPD septal (mm) 11.6 ± 3.2
AVPD lateral (mm) 12.5 ± 3.4
AVPD anterior (mm) 11.8 ± 3
AVPD inferior (mm) 12 ± 3.4

Table II. Echocardiographic characteristics of the whole
study cohort.

EDD indicates end-diastolic diameter; ESD: end-systolic di-
ameter; 2D EF: two-dimensional ejection fraction;
AVPD:atrioventricular plane displacement.

Whole Cohort AVPD ≥ 10 mm AVPD < 0 mm
(N = 93) (N = 71) (N = 22) P value

Death 1 (1.1) 0 (0) 1 (4.5) _
Heart failure 17 (18.3) 1 (1.4) 16 (72.7) < 0.01
Ventricular arrhythmias 10 (10.8) 4 (5.6) 6 (27.3) < 0.01
Post-MI angina 6 (6.5) 2 (2.8) 4 (18.2) < 0.05
Mechanical complications 1 (1.1) 0 (0) 1 (4.5) _

Table III. Major adverse cardiac events in the whole study cohort and the 2 subgroups.

Data are expressed as numbers (percent). AVPD indicates atrioventricular plane displacement; MI, myocardial infarction.
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into two subgroups: a group with an AVPD < 10
mm with a high risk of in-hospital complications,
and another with an AVPD ≥ 10 mm with a rela-
tively lower such a risk. Assessment of AVPD was
easy, highly reliable, reproducible and readily
achievable in virtually all patients. Similarly, other
studies found that the easy visualization and sim-
plicity of recording of AVPD make it a valuable
non-invasive tool for LV function evaluation fol-
lowing acute STEMI15,16.

The two subgroups were homogeneous con-
cerning baseline characteristics; however, hyper-
tension was more frequent in patients with an
AVPD < 10 mm. This may relate to the effect of
longstanding hypertension on LV systolic func-
tion7; these patients might have had already com-
promised LV systolic function, and consequently,
a superimposed myocardial infarction was less
well tolerated. In addition, peak CK MB level
was significantly higher among those with AVPD
< 10 mm. Considering that fibrinolytic therapy
was equally given to the 2 subgroups, peak CK
MB would reflect the extent of infarction and
thus, a higher peak CK MB denotes a larger area
of myocardial necrosis, that would translate into
a worse systolic function.

In the current study, an AVPD below 10 mm
was able to predict the occurrence of in-hospital
MACE with an acceptable sensitivity (72.7%)
and a high specificity (91.5%), both being com-
parable to those of an LV EF < 40%. In agree-
ment, Brand et al16 found that in patients with
acute myocardial infarction, an AVPD in the low-
est quartile (AVPD < 8 mm) carries a hazard ra-
tio of 3.1 for overall mortality, and a hazard ratio
of 3 for mortality/heart failure hospitalizations on
long-term follow-up, when compared with pa-
tients in the upper 3 quartiles.

Finally, we found that a cutoff value of 10 mm
for the left AVPD strongly correlated with an LV
EF of 40%. Similarly, Alam17 previously reported
that a mean value of AVPD of 10 mm or more
had a high sensitivity (95%) and specificity
(82%) for defining a normal LV EF (≥ 50%). He
concluded that in acute myocardial infarction,
LV function can be assessed non-invasively using
the AVPD.

Conclusions

The results of this investigation current study
suggest that a left AVPD below 10 mm can ade-

quately predict the occurrence of in-hospital
MACE after acute STEMI, being highly correlat-
ed with an EF below 40%.

Limitations of the Study
Our findings are based on a single center study

with a relatively small sample size of the cohort,
a fact that makes it difficult to generalize our re-
sults to all patients admitted with acute myocar-
dial infarction. Multicenter studies using the
same protocol and examining a larger number of
patients are needed. Finally, as hospital stay was
very short (3 days on the average), information
about in-hospital mortality – although important
– might not be the best way to mirror the pa-
tients’ real prognosis. Follow-up should be ex-
tended for a longer period before one can safely
predict the prognosis on the intermediate and
long term.
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