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Right Ventricular Longitudinal Strain in Acute 
Pulmonary Embolism and Right Ventricular Myocardial 
Infarction in Patients With McConnell’s Sign

Aim To study the right ventricular (RV) myocardial longitudinal systolic strain in patient with RV myocardial 
infarction (MI), and pulmonary embolism (PE) with and without McConnell’ phenomenon.

Material and methods This study included 53 patients with PE (mean age, 59.0±15.1 years; men, 58.5 %) and 30 patients 
with RVMI (mean age, 61.8±10.9 years; men, 90 %). Longitudinal strain of basal, medial and apical 
segments of the RV free wall (RVFW) and the interventricular septum (IVS) was determined in the 
mode of two-dimensional speckle tracking. Ratio of the IVS apical strain to the RVFW strain (apical 
ratio) was calculated. Systolic excursion of the RVFW apical segment (apical excursion) was measured 
in the anatomical M-mode from the apical four-chamber view.

Results The McConnell’s sign was observed in 23 (43.4 %) of 53 patients with PE and in 16 (53.3 %) 
of 30 patients with RVMI (p>0.05). Irrespective of the cause for the RV damage, patients with the 
McConnell’s sign had higher values of the apical ratio (1.69±0.50 vs. 0.95±0.22; p<0.001; cutoff point, 
1.18) and apical excursion (7.9±1.7 vs. 2.6±1.4 mm; p<0.001; cutoff point, 5.0 mm). Apical excursion 
closely correlated with the value of apical ratio (r=0.65; p<0.001) but not with the RVFW apical 
segment strain (r= –0.07; p>0.05).

Conclusion Incidence of the McConnell’s sign was similar in patients with PE and RVMI. McConnell’s sign is 
based on a passive systolic shift of the RVFW apical segment, which develops during contraction of the 
IVS apical segment. The greater the ratio of IVS apical segment to RBFW global strain the greater the 
amplitude of this shift. With the ratio value of 1.18 or more, the systolic shift of RVFW apical segment 
was >5 mm, which was visually perceived as the McConnell’s sign.
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I n 1996, McConnell et al. [1] described an echo cardio
graphic observation that was found to be highly specific 

for pulmonary embolism (PE). This phenomenon, called 
McConnell’s sign, is a combination of medial hypokinesia 
of the right ventricular free wall (RVFW) and normal 
apical contraction (Figure1). Patients with right ventri
cular (RV) dysfunction and without McConnell’s sign 
had hypokinesia of the entire RVFW, including the apical 
segment (Figure 2).

The high specificity of McConnell’s sign for acute 
RV overload was confirmed by several trials [2–4] and 
acknowledged by experts of the European Society of 
Cardiology [5]. However, Casazza et al. [6] showed 
in 2005 that McConnell’s sign is detected equally 
often in patients with PE (70 %) and in patients with 
RV myocardial infarction (RVMI) (79 %). Several 
observations of McConnell’s sign in nonPE related 

RV dysfunction appear in the literature, particularly in 
inverted stressinduced cardiomyopathy [7, 8].

There is much evidence that McConnell’s sign is a 
nonspecific phenomenon with a mechanism yet to be 
clarified. Notably, little research has been undertaken on 
the relationship of McConnell’s sign with the specifics 
of the RV strain in patients with PE and RVMI. Thus, 
the objective of this study was to assess RV longitudinal 
systolic strain in patients with RVMI and PE, with and 
without McConnell’s sign.

Material and methods
The study included patients hospitalized in the Tver 

Region Clinical Hospital during 2017–2019. PE was 
present in 53 patients at high (n=15) or intermediate 
(n=38) risk and RVMI in 30 patients. All patients signed 
an informed consent to participate in the study. The 
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study was crosssectional and observational, and it was 
approved by the ethics committee of the Tver State 
Medical University.

The study included only patients in whom RV strain 
was assessed within the first 24 hr after the diagnosis 
of PE or after RVMI had been verified. The diagnosis 
of PE was verified by a multislice contrastenhanced 
computed tomography scan of the pulmonary artery 
(PA). Right coronary artery (RCA) occlusion, RV 
dysfunction, and STsegment elevation in the V3R and 
V4R electrocardiographic leads were the criteria for 
diagnosis of RVMI. The study did not include patients 
with a history of myocardial infarction (MI) or coronary 
artery intervention, or patients with PE who had no signs 
of RV overload.

The age of patients with RVMI or PE was similar, 
61.8±10.9 and 59.0±15.1 yr, respectively. Male patients 
prevailed in both groups, 90 % and 58.5 %, respectively. 
Concomitant hypertension was reported in 63.3 % and 
50.9 %, diabetes mellitus in 16.7 % and 15.1 %, and risk 
factors for PE in 13.3 % and 64.2 % of RVMI and PE 
patients, respectively.

Patients with RVMI underwent echocardiography 
(Vivid S70, GE) within 24 hr after percutaneous coronary 
intervention, patients with PE of high risk within 24 hr 
after the stabilization of hemodynamics, and patients with 
PE of intermediate risk on the same day that computed 
angiopulmonography was performed. PA systolic pres
sure (PASP) was calculated from the tricuspid pressure 

gradient. The systolic apical excursion (AE) of the 
RVFW was measured in the apical fourchamber view 
and anatomical Mmode [9] (see Figures 1 and 2). The 
number of left ventricular (LV) segments with impaired 
contractility was counted in patients with RVMI. The 
structures of interest were visualized, and the ultrasound 
parameters were calculated according to American and 
European guidelines [10, 11].

RV longitudinal systolic strain was defined in 2D 
speckle tracking mode and RVfocused fourchamber 
view [12]. The basal, medial, and apical strain of RVFW 
and interventricular septum (IVS) was estimated. The 
absolute values of strain were used according to available 
guidelines [10, 13]. The RV global strain was calculated 
as the mean strain of all six RV segments, and the RVFW 
and IVS strain was calculated as the mean strain of the 
three corresponding segments. The apical ratio (AR) was 
calculated as the quotient of the IVS apical strain divided 
by the RVFW strain. The LV longitudinal systolic strain 
was measured in patients with RVMI in three apical views, 
twochamber, fourchamber, and the LV outflow tract 
views. The LV global systolic strain was calculated as the 
mean strain of all 16 segments.

Statistical analysis was performed with the SPSS 
Statistics v. 15.0 software suite. Mean values and standard 
deviations (M±SD) were calculated. Student’s ttest, 
MannWhitneyU test, or Kruskal Wallis H test was 
used to estimate the statistical significance of inter
group differences, depending on the number of groups 

A – diastole; B – systole: the arrow shows the normal movement of the apical right  
ventricular free wall; B – the apical systolic excursion in the anatomical M-mode is 1.0 cm.

Figure 1. Presence of McConnell’s sign in a patient with pulmonary embolism
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compared and on the nature of the distribution. Mean 
values of strain at different levels of RVFW or IVS were 
compared using the Friedman test. The chisquare 
test or Fisher’s exact test were used to analyze ratios. 
Correlations of quantitative variables were identified 
by paired and multiple correlation analyses. The cutoff 
points for patients with and without McConnell’s sign 
were determined using receiver operating characteristic 
(ROC) analysis. Results were considered significant at 
p<0.05.

Results
McConnell’s sign was identified in 23 (43.4 %) 

patients with PE and 16 (53.3 %) patients with RVMI 
(p >0.05). Patients with PE and McConnell’s sign more 
often experienced shock at the start of the disease, and 
they had lower RV global strain than those in the RVMI 
group (Table 1). Differences between the mean values of 
RV global strain were due to an exceptionally lower value 
of the RVFW strain, given that the mean values of the IVS 
strain did not differ between the groups.

RVFW strain decreased significantly from basal to 
apical segments in both groups. The IVS apical strain 
was lower than the basal and medial strains in patients 
without McConnell’s sign, and it was higher than the 
baseline strain in patients with McConnell’s sign. Due 
to those differences, the mean value of AR in patients 
with McConnell’s sign was 1.7 times greater than that 
in patients without this sign. Differences in AE were 

even more pronounced. The mean AE value was three 
times higher in patients with McConnell’s sign than in 
the comparison group. According to the ROCanalysis, 
the cutoff points for PE patients with and without 
McConnell’s sign were AR and AE values of 1.18 and 
6 mm, respectively.

Correlation analysis showed a close relationship 
between AE and AR (r=0.72; p<0.001), but no 
relationship between AE and RVFW apical strain 
(r=  –0.16; p>0.05). This means that the amplitude of 
the systolic RVFW apical excursion depends on the 
contractility of the surrounding heart muscle rather 
than on its own contractility. In other words, the systolic 
RVFW apical excursion is a passive movement caused 
by the contraction of the RVFW apical segment. The 
larger is the IVS apical strain and the smaller is the 
RVFW total strain, the greater will be the amplitude of 
this displacement. Correlation analysis showed also a 
close relationship between RV global strain and RVFW 
strain (r=0.90; p<0.001) and between RV global strain 
and IVS strain (r=0.78; p <0.001). There was a less close 
but significant relationship between RVFW strain and 
IVS strain (rxy=0.44; p<0.001). According to multiple 
correlation analysis, the relationship of RVFW strain and 
IVS strain is mediated by their individual relationships 
with global strain. The partial correlation coefficient 
showed that a significant and very strong, but negative 
relationship, existed between RVFW strain and IVS strain 
(rxy(z)=  –0.96; p<0.001). In terms of physiology, this 

A – diastole; B – systole: hypokinesia of the apical right ventricular free wall;  
B – the apical systolic excursion in the anatomical M-mode is 0.2 cm.

Figure 2. Absence of McConnell’s sign in a patient with pulmonary embolism
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means that the decrease in RVFW strain is accompanied 
by a compensatory increase in IVS strain.

It should be also noted that while PASP in patients 
with PE is low, it is significantly correlated with RV 
global strain (r=  –0.33; p<0.02) and with RVFW strain 
(r=  –0.34; p<0.02), but it does not correlate with IVS 
strain (r= –0.21; p>0.05). Thus, the increase in pressure 
load causes a decrease in RVFW strain and a compensatory 
increase in IVS strain, including in its apical segment. AR 
increases and is accompanied by an increase in AE and 
the appearance of the visually defined McConnell’s sign, 
which is a marker of severe RV overload in the case of PE.

RVMI patients with or without McConnell’s sign 
did not differ in mean values of global, RVFW, and IVS 
strains (Table 2). Unlike in patients with PE, in whom 
RVFW and IVS strains decreased from the basal to the 
apical segments, a significant increase in RV strain was 
observed from the basal to the apical level in patients with 
RVMI. The involvement of the basal and medial segments 
in RVMI is mainly because they are supplied by the RCA, 
whereas the apical segments of the RVFW and IVS are 
supplied by the left anterior descending artery (LAD) and 
are not stunned in case of the RCA occlusion [7, 8].

It should be noted that the IVS apical strain 
was significantly higher in patients with RVMI and 
McConnell’s sign than in those without this sign. Thus, 
the mean value of AR in patients with McConnell’s sign 
was almost twice that of the other group. AE in patients 
with McConnell’s sign was 2.8 times higher than in the 
other group. According to the ROCanalysis, the cutoff 
points for RVMI patients with and without McConnell’s 
sign were AR and AE equal to 1.47 and 5 mm, respectively. 
The amplitude of AE was correlated with AR (r=0.58; 
p<0.002), but it did not correlate with RVFW apical 
strain (r=  –0.08; p>0.05). Thus, the RVFW systolic 
apical excursion is a passive movement caused by the 
contraction of the IVS apical segment in both patients 
with RVMI and PE.

The size of the involved area and LV global strain in the 
RVMI patients with and without McConnell’s sign did not 
differ. However, LVPW apical akinesia was almost one
tenth as frequent in patients with McConnell’s sign as in the 
comparison group. This difference deserves special attention 
since the involvement of the posterior apical segment 
makes the onset of McConnell’s sign virtually impossible. 
McConnell’s sign was actually observed in only 1 (11.1 %) of 
the 9 patients with affected posterior apical LV wall. However, 
the preserved contractility of the LV posterior apical segment 
does not necessarily lead to the onset of McConnell’s sign 
in patients with RVMI. Six (28.6 %) of twentyone patients 
with RVMI and without the involvement of the LV posterior 
apical segment did not have the sign.

Table 1. Results of examination of patients  
with PE with and without McConnell’s sign

Parameter
McConnell’s sign

pnegative  
(n=30)

positive 
(n=23)

High-risk PE, abs. (%) 4 (13.3) 11 (47.8) <0.05

PASP, mm Hg 58.2±16.8 64.5±18.2 >0.05

RV strain, % 15.7±3.6 13.7±2.8 <0.05

RVFW strain, %

• general 14.7±4.9 11.2±3.5 <0.005

• basal 16.8±6.4 13.5±5.0 <0.05

• medial 15.4±5.4 11.1±4.0* <0.002

• apical 12.9±4.8*, ** 9.7±4.5*, ** <0.02

IVS strain, %

• general 16.8±3.2 16.3±2.9 >0.05

• basal 18.2±3.8 15.0±4.0 <0.005

• medial 18.5±4.0 16.9±3.6* >0.05

• apical 13.6±4.2*, ** 16.5±3.6* <0.01

Apical ratio 0.95±0.19 1.57±0.46 <0.001

Apical excursion, mm 2.57±1.38 7.96±1.58 <0.001

Data are M±SD or absolute and relative values (abs. (%)).  
p <0.05: * vs basal strain; **, vs medial strain. PE, pulmonary 
embolism; PASP, pulmonary artery systolic pressure;  
RV, right ventricle; RVFW, right ventricular free wall;  
IVS, interventricular septum.

Table 2. Results of examination of patients 
with RVMI with and without McConnell’s sign

Parameter
McConnell’s sign

pnegative  
(n=14)

positive  
(n=16)

Global RV strain, % 12.9±2.8 12.7±2.7 >0.05

RVFW strain, %

• general 13.9±3.0 11.6±3.6 >0.05

• basal 10.9±4.0 8.4±4.8 >0.05

• medial 14.4±4.1* 10.3±4.4 <0.02

• apical 17.1±4.2*, ** 16.6±4.1*, ** >0.05

IVS strain, %

• general 11.2±3.1 13.1±2.3 >0.05

• basal 9.9±3.1 9.1±3.1 >0.05

• medial 10.9±3.5 11.4±2.8* >0.05

• apical 13.6±5.1*, ** 19.9±4.2*, ** <0.001

Apical ratio 0.97±0.28 1.85±0.54 <0.001

Apical excursion, mm 2.79±1.37 7.81±2.01 <0.001

Left ventricular strain, % 14.3±2.21 14.8±2.92 >0.05

Number of involved segments, n 4.9±1.6 4.8±1.1 >0.05

Posterior apical akinesia, abs. (%) 8 (57.1) 1 (6.3) <0.005

Data are M±SD or absolute and relative values (abs. (%)). 
p <0.05: *, vs basal strain; **, vs medial strain. RVMI, right 
ventricular myocardial infarction, RVFW, right ventricular free wall, 
IVS, interventricular septum.
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Table 3 shows the comparison of patients with RVMI 

divided into 3 groups depending on the nature of the LV 
lesion and the presence of McConnell’s sign. Group  1 
included nine patients with affected LV posterior apical 
segments. The two other groups were comprised of 
patients without the involvement of this segment, 6 sub
jects without McConnell’s sign (Group 2) and 15 subjects 
with McConnell’s sign (Group 3). The most extensive 
LV lesions and the lowest values of LV global strain were 
observed in Group 1, along with the lowest values of RV 
global strain and IVS apical strain. As a result, the group 
mean of AR was close to 1, and the mean AE was less than 
3 mm. As mentioned previously, McConnell’s sign was 
only detected in 1 (11.1 %) patient in this group. In should 
be noted that only in this group, did IVS apical strain not 
differ from its basal and medial strains. Since the IVS is 
not supplied by the RCA, the IVS is not affected by RCA 
occlusion. However, the LV posterior apical segment, 
which was involved in the MI of Group 1 patients, is 
adjacent to the IVS apical segment. Thus, LV posterior 
apical akinesia may limit IVS apical contractility, which 
explains the pronounced decrease in its strain.

Group 2 patients had the smallest LV lesions and the 
largest RVFW strains, especially at the basal and medial 
levels. The IVS apical strain was comparable to the RVFW 
strain, which is why the AR was close to 1 mm, and the 
mean AE was slightly more than 3 mm. LV lesions were 
significantly larger in Group 3 than in Group 2 and close to 
those in Group 1. From the mean values of the RVFW total 
strain, it appears that the RV involvement was comparable 
also in Groups 1 and 3. However, the values of the global 
strain of both LV and RV in Group 3 were significantly 
higher than in Group 1, and they did not differ from that 
of Group 2. In other words, the functional state of the 
ventricles in Groups 2 and 3 was similar, even though the 
size of MI was significantly larger in patients of Group 3. 
The fact that there were no differences in the ventricular 
functional state in patients with extensive or with non
extensive myocardial involvement is obviously due to 
hyperfunction of the unaffected segments, namely the IVS 
apical segment. There the mean strain was significantly 
higher than in other groups. The increased IVS apical 
strain caused a sharp increase in the AR and AE values.

Thus, the onset of McConnell’s sign in RVMI is 
associated with extensive myocardial involvement in both 
ventricles except for the LV posterior apical segment. In 
this case, a compensatory increase in the contractile 
activity of the IVS apical segment is possible. It results 
in an increase in AR and AE, which is visually defined as 
McConnell’s sign. Comparison of the findings in Tables 
1 and 2 shows that regardless of the reason for the RV 
dysfunction, patients with and without McConnell’s sign 

have high and low values of AR and AE, respectively. The 
mean AR in patients with and without McConnell’s sign 
was 1.69±0.50 and 0.95±0.22, respectively (p<0.001), and 
the mean AE was 7.9±1.7 and 2.6±1.4 mm, respectively 
(p<0.001). AR and AE equal to 1.18 and 5.0  mm, 
respectively, are the cutoff points for patients with and 
without McConnell’s sign. AE was closely correlated with 
AR (r=0.65; p<0.001), but did not correlate with the 
RVFW apical strain (r= – 0.07; p>0.05).

Discussion
McConnell’s sign is a categorical sign, the presence of 

which is established by subjective perception of the RVFW 
apical systolic movement. In this study, McConnell’s sign 
was visually defined when the amplitude of the RVFW 
systolic displacement exceeded 5 mm. This criterion 
allowed us to objectify the definition of McConnell’s sign, 
but its clinical significance remained to be clarified.

According to the hypothesis put forward by 
McConnell et al. [1] to explain the mechanism of the 
phenomenon described by them, the distinct RVFW 

Table 3. Findings in patients with RVMI 
divided into groups depending on the features of the LV 
lesion and the presence of McConnell’s sign

Parameter
Groups of patients with RVMI

Group 1 
(n=9)

Group 2 
(n=6)

Group 3 
(n=15)

Number of involved 
segments, abs. 6.1±0.3 3.2±0.4# 4.7±1.1#, ##

Left ventricular  
strain, % 13.9±1.5 15.3±2.7 14.9±3.1

Global RV strain, % 11.7±3.5 13.7±2.1 13.1±2.3

RVFW strain, %

• general 12.2±4.6 15.0±1.4 12.1±3.0

• basal 8.8±5.0 12.5±2.7 8.8±4.7

• medial 11.8±5.8* 16.3±2.1 10.9±3.9##

• apical 15.8±5.0*, ** 17.5±4.3* 17.2±3.5*, **

IVS strain, %

• general 10.7±2,9 12.0±3.2 13.3±2.3

• basal 9.9±2.9 9.8±3.4 9.1±3.2

• medial 10.2±3.0 11.8±4.0* 11.5±2.9*

• apical 11.9±4.4 16.0±4.9*, ** 20.5±3.8#, ##, *, **

Apical ratio 1.12±0.74 1.07±0.31 1.78±0.46#, ##

Apical  
excursion, mm 2.8±1.9 3.3±0.8 7.9±2.0#, ##

Data are M±SD. p <0.05: #, vs Group 1; ##, vs Group 2;  
* vs basal strain; **, vs medial strain. LV, left ventricle;  
RVMI, right ventricular myocardial infarction, RV, right ventricle; 
RVFW, right ventricular free wall, IVS, interventricular septum.
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apical systolic movement is associated with the passive 
displacement toward the contracted LV rather than the 
active contraction of this segment. The present study 
showed that the RVFW apical systolic displacement is 
caused by contraction of the IVS apical segment, which 
is a part of the LV, both structurally and functionally. The 
higher is the value of AR, i.e., the ratio of IVS apical strain 
to STR strain, the greater is the amplitude of the RVFW 
apical systolic displacement. If AR is 1.18 or more and 
the amplitude of the RVFW apical systolic displacement 
exceeds 5 mm, this is visually defined as McConnell’s 
sign.

The decrease in the RVFW strain in patients with PE 
is associated with an increase in PASP, i.e., the severity of 
RV overload. The increase in the IVS strain, including its 
apical segment, is a compensatory reaction supporting 
the general systolic function of the RV. Thus, high values 
of AR and associated McConnell’s sign are indicative of 
severe RV overload, which is evidenced by the fact that 
McConnell’s sign was identified in 31.6 % of the subjects 
with PE of intermediaterisk and 73.3 % patients of high 
risk (p<0.05). Pruszczyk et al. [14] reported similar 
results. They identified this phenomenon in 18 % of the 
general group of subjects with PE and in 43 % of patients 
in a highrisk subgroup. Kurnicka et al. [15] identified 
McConnell’s sign in 19.8 % of patients with PE and in 
75 % of highrisk patients. McConnell’s sign may have 
predictive value in patients with PE, but this is a subject 
that requires further study.

The onset of McConnell’s sign in RVMI depends on 
the size and location of the infarction, which, in turn, 
depends on the coronary anatomy and the level of the 
RCA obstruction. We established that involvement of 
the LV posterior apical segment makes McConnell’s sign 
almost impossible, since akinesia of this segment prevents 
the compensatory increase in the contractile activity 
of the adjacent IVS apical segment, hyperkinesia of which 

results in a pronounced systolic displacement of the 
RVFW apical segment.

If the RCA supplies the posterior apical segment, in 
case of RCA occlusion, this segment will be involved in 
the infarction. This variant of blood supply is observed 
in about 20 % of cases, whereas the LAD supplies the 
posterior apical segment in 80 % of cases [10]. Akinesia of 
the LV posterior apical segment was observed in 9 (30 %) 
of the 30 patients with RVMI. This is approximately 
the same proportion as having RCA blood supply to 
this segment. In the intact LV posterior apical segment, 
McConnell’s sign appears if the contractile activity of 
the IVS apical segment must be compensated, i.e., in 
extensive LV and RV myocardial damage associated 
with obstruction of the proximal RCA [16–18]. Thus, 
McConnell’s sign in RVMI shows extensive myocardial 
damage that does not involve the LV posterior apical 
segment.

Conclusion
McConnell’s sign was defined in 50 % of patients with 

PE and RV overload and in 50 % of patients with right 
ventricular myocardial infarction. Thus, it impossible to 
use McConnell’s sign for the differential diagnosis of these 
conditions. McConnell’s sign appears due to the passive 
systolic displacement of the apical right ventricular free 
wall, which occurs when the apical interventricular 
septum contracts. The higher is the ratio of the apical 
ventricular septum to the right ventricular global strain, 
the greater is the amplitude of this displacement. When 
the ratio is 1.18 or more, the systolic apical strain of the 
right ventricular free wall exceeds 5 mm, which is visually 
defined as McConnell’s sign.
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