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BACKGROUND: Abnormal interventricular septal motion (ASM) is frequently observed after open heart surgery (OHS). The aim
of this study was to investigate the incidence and temporal change of ASM, and its underlying mechanism in patients who
underwent OHS using transthoracic echocardiography (T'TE).

METHODS: In total, 165 patients [60 = 13 years, 92 (56%) men} who underwent coronary bypass surgery or heart valve
surgery were consecutively enrolled in a prospective manner. TTE was performed preoperatively, at 3—6-month posto-
peratively, and at the 1-year follow-up visit. Routine TTE images and strain analysis were performed using velocity vector
imaging.

RESULTS: ASM was documented in 121 of 165 patients (73%) immediately after surgery: 26 patients (17%) presented
concomitant expiratory diastolic flow reversal of the hepatic vein, 11 (7%) had inferior vena cava plethora, and 11 (7%) had both.
Only 2 patients (1%) showed clinically discernible constriction. ASM persisted 3—6 months after surgery in 38 patients (25%),
but only in 23 (15%) after 1 year. There was no difference in preoperative and postoperative peak systolic strain of all segments of
the left ventricle (LV) between groups with or without ASM. However, systolic radial velocity (Vraa) of the mid anterior-septum
and anterior wall of the LV significantly decreased in patients with ASM.

CONCLUSION: Although ASM was common (74%) immediately after OHS, it disappeared over time without causing clinically
detectable constriction. Furthermore, we consider that ASM might not be caused by myocardial ischemia, but by the decreased
systolic Vraa of the interventricular septum after pericardium incision.
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INTRODUCTION
Abnormal interventricular septal motion (ASM) is the phe-
notype of exaggerated ventricular coupling, which is observed

sidered, relatively few studies have reported the incidence or
causal mechanisms of ASM after cardiac surgery. Moreover,
the results of these studies are not consistent and clinical im-

during pericardial constriction.” Currently, the most common
cause of pericardial constriction is previous cardiac surgery,
followed by pericarditis, pericardial effusion, and radiothera-
py-?? When the frequent occurrence of ASM after coronary
bypass surgery (CBS) or heart valve surgery (HVS)" is con-

plications. Therefore, the objective of this study was to inves-
tigate the incidence of ASM and its temporal evolution as well
as the underlying mechanism determining its occurrence us-
ing transthoracic echocardiography (TTE).
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METHODS

STUDY POPULATION

Between June 2011 to May 2012, 203 patients underwent
open heart surgery (OHS) (CBS or HVYS) at Severance Cardio-
vascular Hospital. We excluded patients who had additional
possible etiology for ASM, such as preexisting regional wall
motion abnormality, left ventricular (LV) dysfunction, hyper-
trophic cardiomyopathy,” previous pericardiectomy,” postop-
erative severe tricuspid regurgitation,” and conduction sys-
tem-based abnormalities (permanent implanted pacemaker,”
left bundle branch block,' or ventricular pre-excitation'").
The selection yielded a study group of 165 patients {60 + 13
years, 92 men (56%)}. Patients were sorted into 2 groups ac-
cording to presence of immediate postoperative ASM (ASM +)
or its absence (ASM-). The term ASM is defined as the move-
ment of the interventricular septum toward the right ventricle
in systole with normal thickening (Fig. 1), which shows septal
bouncing motion during systole.” Clinical and echocardio-
graphic parameters were analyzed.

TRANSTHORACIC ECHOCARDIOGRAPHY

Routine TTE images and strain analysis using velocity vec-
tor imaging (VVI) were obtained with a Acuson SC2000™
System and a Syngo® Sie VVI (Siemens Medical Solutions
USA, Inc., Mountain View, CA, USA), respectively. Routine
TTE and VVI analyses were performed before and immediate-
ly after OHS. Additional transesophageal echocardiography
were performed at the 3—6- and 12-month follow-up visits to
determine whether there was a serial change of ASM. The
presence of ASM was measured with M-mode echocardiogra-
phy and short axis view. Peak systolic circumferential strain
(CS) and peak systolic radial velocity (Vraa, cm/s) were used for
VVI analysis.

STATISTICAL ANALYSIS

Continuous variables were analyzed using Student’s t-test,
and dichotomous variables were analyzed using the chi square
test. Data showed as mean + standard deviations or number
(%), and all variables that had a p value of 0.05 or less were
considered statistically significant. We used SPSS for Macin-
tosh, version 10.0.7a, (SPSS Inc., Chicago, IL, USA).

RESULTS

THE INCIDENCE AND TEMPORAL CHANGE
OF ABNORMAL INTERVENTRICULAR SEPTAL MOTION
Among all the enrolled patients (n = 165) who underwent
immediate post-operative echocardiography, 121 patients
(73%) presented ASM immediately after OHS. Concomitant
expiratory diastolic flow reversal of hepatic vein was found in
26 patients (17%), plethora of inferior vena cava in 11 (7%),
and both in 11 (7%). However, clinically significant pericar-
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dial constriction, related to the subsequent use of diuretics
and corticosteroids, was found only in 2 patients (1%). After
3—6 months of index post-operative echocardiography, 50 pa-
tients (30%, 50/165) did not perform echocardiography.
ASM persisted in only 38 patients (33%, 38/115), and other
concomitant findings had almost completely disappeared.
One year later, ASM persisted in only 28 patients among pa-
tients who had follow-up echocardiography (25%, 28/109)
(Fig. 2).

BASELINE CHARACTERISTICS AND

ECHOCARDIOGRAPHIC PARAMETERS RELATED

TO ABNORMAL INTERVENTRICULAR SEPTAL MOTION
There were 121 patients who had ASM, resulting in an

Fig. 1. Abnormal interventricular septal motion after open heart surgery
detected using M-mode echocardiography. Note that the interventricular
septum is moving anteriorly with systole (yellow arrows).
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Fig. 2. Temporal resolution of the prevalence of ASM. ASM: abnormal
interventricular septal motion.
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overall incidence of 73%. There were no statistically signifi-
cant differences between the 2 groups regarding any of the
baseline characteristics (Table 1).

There were no significant differences in preoperative and
postoperative echocardiographic parameters between groups,
but patients in the ASM+ group had lower ejection fraction

(63.1 + 6.7% vs. 64.9 + 6.8%:; p = 0.031) (Table 2 and 3).

Table 1. Baseline characteristics and type of surgery of the patients

STRAIN ANALYSIS USING VELOCITY VECTOR IMAGES
Neither global nor regional CSs presented changes in pa-
tients in the ASM+ or in the ASM- groups, but systolic Vrad
of the antero-septum and anterior wall significantly decreased
after surgery in patients in the ASM+ group (AVrad of the an-
tero-septum: 0.6 = 1.9 vs. 0.1 = 1.2; p = 0.035 and anterior
wall: 1.1 = 1.9vs. 0.1 = 1.2; p = 0.002) (Table 4, Fig. 3).

Variables ASM+ (n = 121) ASM- (n = 44) p value
Age, years 59.3 + 14.2 61.8 +9.8 0.175
Male gender (%) 65 (53.7) 29 (65.9) 0.154
BMI 234 +28 238 £25 0.274
Pre-OP (mmHg)

SBP 123 + 21 121 + 113 0.518

DBP 73 + 13 74+ 13 0.629
Post-OP (mmHg)

SBP 116 + 15 118 + 13 0.502

DBP 70 £ 8 71+£9 0.879
Type of surgery (%) 0.218

CBS 48 (39.7) 11(25.0)

OPCAB 26 (21.5) 5(11.3)

On-pump 23 (19.0) 6(13.6)

HVS 68 (56.2) 31 (70.5)

Combined S (4.1) 2(4.5)

ASM: abnormal interventricular septal motion, BMI: body mass index, OP: operative, SBP: systolic blood pressure, DBP: diastolic blood pressure, CBS:
coronary bypass surgery, OPCAB: off-pump coronary artery bypass, HVS: heart valve surgery

Table 2. Pre and post-operative echocardiographic parameters

Pre-operative

Post-operative

Variables
ASM+ ASM- » ASM+ ASM- »

LAVI (mL/m°) 50.2 + 44.1 51.8 +47.4 0.85 41.3 + 29.1 42.8 + 28.9 0.70
SWTd (mm) 98 +21 10.2 £ 1.9 0.31 99+1.8 10.1 + 2.4 0.46
SWTs (mm) 13.6 + 1.9 144 + 3.2 0.72 151+ 1.8 14.9 + 3.2 0.56
PWTd (mm) 10.0 + 2.4 10.1 £+ 1.9 0.70 9712 10.1 £ 2.3 0.68
PWTs (mm) 14.1 + 2.5 14.6 + 3.3 0.76 14.4 + 2.6 15.0 + 2.9 1.00
LVEDD (mm) 523 =74 50.6 +7.9 0.11 454 +12.3 46.9 + 8.9 0.50
LVESD (mm) 33.7+£59 322+ 64 0.08 33759 31.9 + 4.8 0.06
EF (%) 66.6 = 7.2 683 +7.1 0.23 63.1 + 6.7 64.9 + 6.8 0.03
E (cm/s) 81.9 + 32.2 82.3 + 36.5 1.00 85.7 + 28.7 88.7 + 31.7 0.56
A (cm/s) 76.1 + 234 80.6 + 23.1 0.41 70.6 = 22.3 72.3 +34.5 0.12
DT (ms) 201.1 +52.3 208.3 + 50.0 0.46 201.1 = 524 209.2 + 50.1 0.11
E’ (cm/s) 6.2+24 5.8+19 0.18 63 +23 63+19 0.67
A’ (cm/s) 81«15 83 +24 0.55 79 +21 8.2+3.0 0.56
S (cm/s) 6.3 +24 6.1+22 0.30 68+19 67 +18 0.69
E/E 13.8 + 6.2 14.7 + 6.8 0.25 14.1 + 5.0 155 +5.8 0.41
RVSP (mmHg) 303 +11.2 32.8 + 14.1 0.14 293 +79 317 +7.7 0.94

ASM: abnormal interventricular septal motion, LAVI: left atrial volume index, SWT: septal wall thickness, d: diastolic, s: systolic, PWT: posterior wall
thickness, LVEDD: left ventricular end diastolic dimension, LVESD: left ventricular end systolic dimension, EF: ejection fraction, E: mitral early diastolic
filling velocity, A: mitral late diastolic filling velocity, DT: deceleration time, E’: early mitral annular velocity, A’: late mitral annular velocity, S’: systolic mitral

annular velocity, RVSP: right ventricular systolic pressure
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Table 3. Pre and post-operative circumferential strain analysis
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Pre-operative

Post-operative

ASM+ ASM- » ASM+ ASM- »
PSS (%)
AS 282 +123 =269+ 11.1 0.86 -16.8 + 10.0 -11.8 + 14.2 0.31
AW -21.8 £ 10.9 2202+ 124 0.56 -10.5 +21.3 92+153 0.88
AL 2204 +12.5 -249 +9.8 0.23 -19.2 £ 8.7 -15.3 £ 13.2 0.32
IL -28.6 + 14.3 -262+73 0.70 =259+ 153 -20.8 £ 15.9 0.45
1 -323 £ 119 -29.8 + 10.0 0.66 -25.7 + 134 21.6+124 0.48
IS -34.8 + 26.7 -28.7 =+ 16.5 0.57 -27.1 = 14.2 -243+£9.8 0.57
G -26.1+95 -23.2£10.3 0.43 -22.2+83 -17.5 + 10.6 0.28
PSSR (1/s)
AS -24+0.8 25«11 0.75 22 =+1.7 23+ 1.1 0.93
AW -23+1.0 23 +1.0 0.86 -2.1+0.7 22 =+13 0.68
AL -20=+13 -2.8 09 0.11 2.7 +1.2 -1.7 1.3 0.08
L 3.2+ 1.1 -25+0.8 0.10 33+ 1.6 -3.6 £ 2.5 0.69
1 -3.0=+1.1 26=+1.1 0.39 33+ 1.5 -3.0+1.2 0.68
1S 2.6+ 1.1 -2.6 +0.8 0.63 -33=x1.3 3.0+1.5 0.58
G -1.7 £ 0.6 -1.6 £ 0.5 0.91 -1.9 + 0.6 -1.6 = 0.6 0.25

PSS: peak systolic strain, ASM: abnormal interventricular septal motion, AS: anteroseptum, AW:

IS: inferoseptum, G: global, PSSR: peak systolic strain rate

Table 4. Pre and post-operative mid wall systolic Vrad analysis

anterior wall, AL: anteriolateral, IL: inferolateral, I: inferior,

Pre-operative

Post-operative

Vrad (cm/s)
ASM + ASM- )/ ASM + ASM- b

AS 4.2 +09 3.8+ 1.0 0.23 32=+1.1 37 +1.1 0.05
AW 42+1.0 4.0+1.0 0.67 29=+1.0 4.0+ 1.0 0.01
AL 42+0.8 4.0=+1.2 0.70 41+14 3.9+1.0 0.33
IL 4.5+ 0.7 4.0 £ 0.9 0.14 4.7 +1.6 3.7 +1.2 0.10
I 4.7 +1.2 4.0+ 0.9 0.16 5217 4.6+ 14 0.39
IS 48+14 4.2+ 1.1 0.26 48 +1.6 38=+1.3 0.13
G 3.9+0.7 34+09 0.10 3911 32+09 0.17

Vrad: radial velocity, ASM: abnormal interventricular septal motion, AS: anteroseptum, AW: anterior wall, AL: anterolateral, IL: inferolateral, I: inferior, IS:

inferoseptum, G: global

DISCUSSION

ASM can be associated with many other conditions such as
constrictive pericarditis,” right ventricular overload,” right
ventricular pacing,” left bundle branch block,'” septal isch-
emia or infarction, and congenital absence of the pericardium.
Although these entities have different characteristics, their
initial appearance by echocardiography may be similar. There
are only few suggestions for the management of ASM after
OHS besides monitoring the frequency of ASM, which can
usually be achieved using postoperative echocardiography.
Furthermore, to our knowledge, there was no published study
that investigated whether ASM is a consequence of pericardial
constriction.

Righetti et al.'? reported that ASM is related to ischemic in-
jury to the septum during CBS. However, other subsequent
studies have demonstrated that ischemic injury is an unreliable
mechanism for ASM."* Further, our results suggest that isch-

emic injury is not related to ASM. An ischemic injury to the
septum would result in a decrease in septal thickness; howev-
et, our data indicated intact septal thickness after surgery in
patients with ASM. Furthermore circumferential and global
strains, which are more sensitive tools for detecting ischemic
injury of the myocardium,' !¢
and postoperatively in both groups. LV ejection fraction and
systolic mitral annular velocity, which is a good tool for systol-
ic function assessment in patients with ASM,'” was similar in
both groups.

The other possible explanation is the change of the position
or mobility of the heart within the chest. Moreover, ASM is a
typical finding associated with the congenital absence of the
pericardium'® or pericardiectomy.” De Nardo et al."” reported
an increased anterior motion of the entire heart because of
pericardiotomy, and Wranne et al.*” demonstrated the restric-
tion of the right ventricular contraction from the chest walls

did not change preoperatively
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Fig. 3. Postoperative velocity vector image strain analysis. A and B: The circumferential strain analysis of ASM- and ASM+. C and D: The changes of
radial velocity of ASM- and ASM+. ASM: abnormal interventricular septal motion, Vrag: radial velocity, AS: antero-septum, AW: anterior wall, AL:

anterolateral, IL: inferolateral, I: inferior, IS: inferoseptum.

using transesophageal echocardiography during surgery. Simi-
larly, our data showed that systolic Vr.a of the antero-septum
and anterior wall decreased during systole after OHS in pa-
tients with ASM. This finding reflects a decreased inward mo-
tion of the antero-septum compared to other segments of the
LV myocardium and thus, indicates exaggerating interventric-
ular septal motion. However still, the reason for the reduction
in systolic Vraa in the antero-septum and anterior wall re-
mains unclear. We hypothesized that subtle conduction dis-
turbance (transient or not) after cardiac surgery?”?? is a possible
explanation for the systolic Vra reduction. However, postopera-
tive electrocardiograms did not indicate left or right bundle
branch, or any fascicular block. In addition, it might be just the
results of ASM, not cause, which is very important limitation
of this study. Nevertheless, we could confirm that ASM was
not caused by myocardial ischemia.

According to a large scale review of 3923 cases by Reynolds
et al.,” the incidence of ASM was 40%, and valve surgery was
more likely to cause ASM compared to CBS. In the present
study, the incidence of ASM was 74%, almost two-fold what
was previously reported, but we did not observe an association
between the type of surgery and the occurrence of ASM. The
same mechanism may be responsible for ASM in both CBS
and HVS.

In the literature, it is described that ASM occurs immedi-

ately after surgery and usually tends to resolve with time, al-
though it can persist indefinitely in some patients.” In con-
sensus with this statement, our data showed ASM disappeared
over time in most patients without clinically detectable peri-
cardial constriction. Only 3 patients in our study sample had
clinically significant transient constrictions probably because
of the use of steroids; in 2 of these patients, ASM disappeared
over time.

In summary, ASM is frequent after OHS, however, ASM
does not seem to have any clinical significance and will likely
disappear over time. Further, we demonstrated that decreased
postoperative systolic Vraa of the antero-septum and anterior
wall is associated with the occurrence of ASM.

LIMITATIONS

Echocardiographic views are relatively poorer after HVS
than those after CBS. Therefore, the occurrence of ASM after
HVS might be underestimated. Although data from all the
patients were available immediately after the operation, data
from the 3—6-month and 1-year follow-up visits were only
available for 40-45% of the patients each group. In addition,
we performed VVI analysis before and immediately after sur-
gery in only a limited number of patients (approximately 40
patients), and we were unable to identify reversal of systolic
Vraa of the antero-septum and anterior wall when ASM disap-
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peared. Lastly, we usually use diuretics peri-OHS; thus, some
patients with constrictive physiology may not have been re-
vealed. However, this limitation may not be clinically relevant,
even in patients with ASM, because the majority of study pa-
tients did not require prolonged diuretic administration after
OHS.

CONCLUSION

Even though ASM was common in patients immediately
after cardiac surgery, it disappeared over time without causing
clinically detectable pericardial constriction. Furthermore, ASM
might not be caused by myocardial ischemia, but we demon-
strated that a decreased postoperative systolic Vraa of the antero-
septum and anterior wall is associated with ASM after cardiac

surgery.
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