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Abstract:
Introduction: Left Ventricular Aneurysm (LVA) is a serious complication of myocardial infarction that can lead to
impaired ventricular function and life-threatening ventricular arrhythmias. Data on perioperative arrhythmic patterns
and associated clinical factors following LVA resection, particularly with long-term follow-up, remain limited. We
aimed to characterize perioperative arrhythmias and their clinical correlates following surgical LVA resection with
mid-term follow-up.

Materials and Methods: Retrospective cross-sectional study with longitudinal ECG and echocardiographic follow-
up, 29 patients who underwent surgical LVA resection between 2011 and 2022 at a tertiary cardiac center were
evaluated.  Demographic  characteristics,  comorbidities,  lipid  status,  perioperative  complications,
Electrocardiographic  (ECG)  findings,  echocardiographic  parameters,  length  of  hospital  stay,  and  mortality  were
extracted from medical records and follow-up assessments. ECGs were analyzed preoperatively, during Intensive
Care Unit (ICU) admission, at ward admission, and at 6 months and 2 years postoperatively. Left Ventricular Ejection
Fraction (LVEF) was assessed longitudinally.

Results:  Preoperative  ventricular  arrhythmias  were  observed  in  34.5%  of  patients,  while  atrial  fibrillation  was
present in 17.2%, with no significant sex-based differences. Postoperative arrhythmias occurred in 20.7% of patients.
While 72.4% of patients had normal ECGs at ICU admission, observed abnormalities were significantly more frequent
among male patients (p = 0.040). Dyslipidemia was associated in univariable analysis with abnormal postoperative
ECG  findings  during  ICU  and  ward  admission  (p  =  0.012  and  p  =  0.047,  respectively).  Mean  LVEF  improved
significantly from 33.4% ± 8.1% preoperatively to 42.9% ± 6.9% at 2-year follow-up (p < 0.05). Six patients died
during the early postoperative period, primarily due to low cardiac output syndrome and cardiac tamponade; two
additional deaths were identified during follow-up, with undetermined causes.

Discussion:  Surgical  resection  of  LVA  is  associated  with  significant  improvement  in  left  ventricular  function;
however,  cardiac  arrhythmias  remain  relatively  common  in  the  perioperative  period.  Male  sex  and  dyslipidemia
appear to be associated with a higher burden of postoperative ECG abnormalities.

Conclusion:  These  findings  underscore  the  importance  of  meticulous  perioperative  monitoring  and  risk-factor
optimization, and closer monitoring of cardiovascular risk factors may be warranted following LVA resection.

Keywords: Left ventricular aneurysm (LVA), Arrhythmia, Cardiac surgery, Left ventricular ejection fraction (LVEF),
Myocardial infarction (MI).
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1. INTRODUCTION
Left Ventricular Aneurysm (LVA) is a well-recognized

consequence of myocardial infarction that can lead to life-
threatening sequelae, such as cardiac arrhythmia, cardiac
rupture, and heart failure [1]. A recent review by Jan et al.
reported  that  patients  with  apical  aneurysms  had  an
overall  mortality  rate  of  approximately  9%-10.5% over  a
follow-up  period  of  2  to  6.5  years  [2].  Following  a
Myocardial  Infarction  (MI)  and  the  replacement  of  the
ventricular  wall  with  fibrous  tissue,  the  weakened  wall
tends to develop a bulged area on the ventricular wall, a
dyskinetic  outpouching  of  the  left  ventricular  wall,  and
contributes to diminished left ventricular ejection fraction
[3, 4]. The reported incidence of LVA following Myocardial
Infarction (MI) ranges from 10% to 35%. However, it has
declined to approximately 5% to 15%, due to the benefits
of rapid reperfusion therapy and medications that prevent
ventricular  remodeling  [5,  6].  Surgical  resection  of  the
aneurysm and  reconstruction  of  the  myocardial  wall  are
performed to improve hemodynamics and to improve LV
geometry and function [4]. However, despite the benefits
of LVA repair, postoperative cardiac arrhythmias remain a
significant  concern,  impacting  morbidity  and  mortality.
Cardiac arrhythmias following LVA resection result from
multiple pathophysiological mechanisms. The development
of  malignant  ventricular  pathways,  particularly  at  the
interface  between  viable  and  fibrotic  myocardium  [7].

Myocardial fibrosis and scarring, which are inherent to
both the infarction and surgical  intervention,  can create
substrates  for  reentrant  arrhythmias  [8].  Moreover,
surgical manipulations and direct mechanical irritation of
the  myocardium  and  pericardium  are  among  the
postoperative  arrhythmias  after  cardiothoracic  surgery.
Increased  sympathetic  and  hormonal  activity,  systemic
inflammatory  response,  and  complement  pathway
activation may also contribute to electrical instability [9].
Among post-surgical arrhythmias, ventricular arrhythmias,
including  Ventricular  Fibrillation  (VF)  and  Ventricular
Tachycardia (VT), have the highest risk of sudden cardiac
death [10, 11]. They often develop from reentry cycles in
scarred  tissue  of  infarcted  myocardium  and  require
immediate  management.  The  treatment  encompasses
antiarrhythmic therapy, catheter ablation, or Implantable
Cardioverter-Defibrillator  (ICD)  placement  [10,  12].
Supraventricular  arrhythmias,  such  as  Atrial  Fibrillation
(AF),  are  also  prevalent  following  LVA  resection,
particularly in patients with preexisting atrial enlargement

or  structural  heart  disease  [13].  AF  can  lead  to
hemodynamic  deterioration  and  an  increased  risk  of
thromboembolism,  necessitating  the  implementation  of
anticoagulation  and  rhythm-  or  rate-control  strategies
[14].  Despite  numerous  studies  focusing  on  arrhythmias
after  LVA resection,  notable  gaps  persist  in  the  existing
literature.  While  previous  research  has  investigated
treatment outcomes of LVA resection and the prognosis of
arrhythmias,  few  studies  have  examined  patient-specific
risk factors, such as sex-related differences and metabolic
influences, including lipid profiles [15, 16]. Additionally, to
the best of our knowledge, long-term post-surgical follow-
up of patients with LVA resection has not yet been studied.
Therefore, this study aimed to investigate the incidence of
cardiac  arrhythmias  following  LVA  resection  and  to
identify  their  clinical  and  perioperative  correlates.

2. MATERIALS AND METHODS

2.1. Participants and Study Design
This retrospective cross-sectional study was conducted

at  the  cardiac  surgery  ward  of  Imam  Reza  Hospital,
Mashhad, Iran, in 2024. Participants were recruited if they
had been diagnosed with  an LVA following a  previous  MI
and  had  undergone  aneurysm  resection  surgery  between
February  2011  and  January  2022.  Data  were  primarily
obtained  from  patients’  hospital  records,  with
confidentiality  maintained  through  anonymized  profiles.
Accordingly,  the  ethics  committee  waived  the  need  for
informed  consent  for  the  use  of  retrospective  data.
However,  patients  lacking  two-year  postoperative  echo-
cardiographic  data  were  contacted  directly.  The  study
protocol  and  follow-up  procedures  were  explained,  and
informed  consent  was  obtained  from  those  willing  to
participate  and  undergo  the  assessment.

Exclusion criteria included: (1) patients with incomplete
data  who  declined  further  participation,  (2)  congenital  or
post-traumatic LVAs, (3) concomitant LVA with significant
valvular disease, (4) a history of stroke, (5) renal failure, or
(6) arrhythmias associated with electrolyte imbalances.

The present study did not include a non-surgical control
group.  Due  to  ethical  and  clinical  considerations,
withholding surgical treatment from symptomatic patients
with  LVA  and  impaired  ventricular  function  was  not
feasible.  Therefore,  the  primary  aim  of  this  study  was  to
describe  the  incidence  of  postoperative  arrhythmias  and
identify  associated  clinical  factors,  rather  than  establish
causality.
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2.2. Data Collection and Diagnostic Criteria
Demographic  and  clinical  data,  including  age,  sex,

Body Mass Index (BMI), intraoperative and postoperative
complications, duration of hospital stay, relevant medical
history (such as hypertension, dyslipidemia, diabetes mell-
itus, pulmonary disease, and prior myocardial infarction),
and  mortality  rates,  were  obtained  from  the  Hospital
Information System (HIS) and archived hospital records.

Preoperative  angiography  and  transthoracic  or
transesophageal  echocardiography  had  also  been
performed  in  all  patients  to  assess  left  ventricular
dimensions, function, and valvular status, and the results
were documented in their hospital records. The diagnosis
of  LVA  had  been  initially  established  based  on
angiographic  evidence  of  paradoxical  wall  motion  and
subsequently  confirmed  during  surgery.  Angiographic
diagnosis was made according to the CASS criteria, which
define an LVA as a segment of the left ventricular wall that
protrudes  from  the  normal  contour  and  exhibits  either
akinesis  or  dyskinesis.

2.3. Preoperative Care and Surgical Procedure
All  patients  received  standard  preoperative  care,

including heart failure treatment protocols such as beta-
blockers,  ACE inhibitors  or  ARBs,  diuretics,  statins,  and
others  when  indicated.  Electrolyte  levels  and  volume
status  were  corrected  before  surgery,  and  preoperative
angiography  and  echocardiography  were  performed  to
assess ventricular function, aneurysm details, and valvular
condition.

All patients had undergone LVA resection via median
sternotomy  under  cardiopulmonary  bypass.
Aneurysmectomy had been performed with excision of the
fibrotic  segment,  followed  by  ventricular  reconstruction
using  either  linear  closure  or  endoventricular  circular
patch plasty (Dor technique), depending on aneurysm size,
location, and residual ventricular geometry. Concomitant
Coronary  Artery  Bypass  Grafting  (CABG)  had  been
performed  when  indicated.

2.4. Follow-up and Outcome Assessment
Electrocardiography  (ECG)  had  been  routinely

performed preoperatively. Postoperative continuous ECG
monitoring was also performed immediately after surgery,
in  the  Intensive  Care  Unit  (ICU)  upon  admission,  and
during  the  ward  stay  to  assess  arrhythmias.

Transthoracic  echocardiography  had  also  been
recorded  at  four  time  points:  1  week  before  surgery,
immediately  after  aneurysm  resection,  6  months  post-
surgery, and 2 years post-surgery. A detailed checklist was
developed,  and  all  data  were  collected  by  two  board-
certified  cardiac  surgeons  and  an  experienced  nurse.

Primary  outcomes  included  incidence  and  types  of
cardiac arrhythmias detected on ECG across perioperative
and  follow-up  periods.  Secondary  outcomes  comprised
changes in LVEF over time,  intraoperative/postoperative
complications, hospital length of stay, and mortality.

2.5. Statistical Analysis
Statistical  analyses  were  performed  using  SPSS

version  25  (IBM  Corp.,  Armonk,  NY,  USA).  Continuous
variables were expressed as mean ± Standard Deviation
(SD)  or  median  with  Interquartile  Range  (IQR),  while
categorical  variables  were  reported  as  frequencies  and
percentages.  The  normality  of  data  distribution  was
assessed using the Kolmogorov-Smirnov and Shapiro-Wilk
tests.  For  between-group  comparisons,  Mann-Whitney  U
and  Wilcoxon  tests  (for  non-normal  data)  were  used  for
continuous variables with non-normal distribution, and the
repeated-measured  ANOVA  test  was  used  for  normally
distributed  continuous  ones.  Moreover,  chi-square  and
Fisher's exact tests were applied for categorical variables.
Changes in LVEF over time were assessed using repeated
measures  ANOVA.  The  normality  of  LVEF  at  each  time
point  was  verified  using  the  Shapiro-Wilk  test.  The
assumption  of  sphericity  was  assessed  using  Mauchly’s
test,  and  when  sphericity  was  violated,  the  Greenhouse-
Geisser  correction  was  applied  to  adjust  the  degrees  of
freedom. A p-value of  <0.05 was considered statistically
significant.  Post-hoc  pairwise  comparisons  were  not
conducted  due  to  the  small  sample  size  and  the
exploratory  nature  of  the  analysis.  Additionally,
multivariate analyses, such as logistic regression, were not
performed  because  the  limited  sample  size  would  have
rendered  such  models  underpowered  and  potentially
unstable.

3. RESULTS

3.1.Patient  Demographics  and  Preoperative
Characteristics

A  total  of  29  patients  were  enrolled  in  the  study,
including 19 males (65.5%) and 10 females (34.5%), with a
mean age of  56.6 ± 17.9 years.  Demographic  character-
istics, past medical history, and substance use history are
summarized in Table 1. Myocardial infarction (22 patients,
75.9%)  and  hypertension  (10  patients,  34.5%)  were  the
most  prevalent  comorbidities.  The anterior  type was the
most  common  left  ventricular  aneurysm,  observed  in
79.3% of the study population. It is also evident that older
age groups constitute the majority of the sample, with the
60-69 and 70-79 age groups comprising 58.6% of the total
population.  Detailed  demographic  characteristics  and
prior medical history of the participants are presented in
(Table 1).

Table  2  summarizes  preoperative  and  postoperative
ECG  findings  and  their  association  with  gender.
Preoperatively, ventricular arrhythmias were identified in
10  patients  (34.48%),  including  Premature  Ventricular
Contractions  (PVCs)  in  six  patients  and  Ventricular
Tachycardia (VT) in four patients. Atrial Fibrillation (AF)
was present in five patients (17.24%). No significant sex-
related  differences  were  observed  in  preoperative  ECG
findings (p = 0.765).

Postoperative  arrhythmias  occurred  in  six  patients
(20.7%),  with  a  comparable  incidence  between  females
and males (20.0% vs. 21.1%, p < 0.999). At ICU admission
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following  surgery,  most  patients  (72.4%)  demonstrated
normal  ECG findings;  however,  ECG abnormalities  were
more  frequent  among  male  patients,  resulting  in  a

statistically significant difference between the sexes (p =
0.040).  Two  patients  died  before  ICU  ECG  assessment
(cardiac  tamponade  and  low  cardiac  output  syndrome).

Table 1. Baseline demographic, clinical, and aneurysm characteristics of patients undergoing left ventricular
aneurysm resection.

Characteristic Category Number (%)

Sex
Male 19 (65.5)

Female 10 (34.5)

Age group (years)

<20 1 (3.4)
20–29 3 (10.3)
30–39 1 (3.4)
40–49 2 (6.9)
50–59 5 (17.2)
60–69 10 (34.5)
70–79 7 (24.1)

Comorbidities

Hypertension 10 (34.5)
Dyslipidemia 8 (27.6)

Diabetes mellitus 13 (44.8)
Congenital heart disease 0 (0)

Pulmonary disease 4 (13.8)
Renal disease 2 (6.9)

Prior angioplasty 20 (69.0)
Cerebrovascular disease 0 (0)

Prior myocardial infarction 22 (75.9)

Aneurysm location
Anterior 23 (79.3)
Posterior 2 (6.9)
Inferior 4 (13.8)

Substance use history Present 10 (34.5)
Absent 19 (65.5)

Note: Data are presented as a number (percentage). Substance use included cigarette smoking and other documented substance exposure.

Table  2.  Association  between  patient  sex  and  perioperative  electrocardiographic  findings  following  left
ventricular  aneurysm  resection.

ECG Timing ECG Finding Female, n (%) Male, n (%) P-value

Postoperative arrhythmia
Present 2 (20.0) 4 (21.1)

0.999
Absent 8 (80.0) 15 (78.9)

Preoperative ECG

Normal 4 (40) 9 (47.4)

0.765

VT 2 (20) 2 (10.5)
LBBB 0 (0) 2 (10.5)

AF 2 (20) 2 (10.5)
PVC 2 (20) 3 (15.8)

AF + PVC 0 (0) 1 (5.3)

ICU ECG (postoperative)

Normal 6 (60.0) 15 (78.9)

0.040
Deceased 2 (20.0) 0 (0)
AF + PVC 0 (0) 2 (10.5)
VT + PVC 0 (0) 2 (10.5)

PVC 0 (0) 2 (20)

Ward ECG (postoperative)
Normal 6 (60.0) 15 (78.9)

0.127Deceased 4 (40.0) 2 (10.5)
AF + PVC 0 (0) 2 (10.5)

Note: Data are presented as a number (percentage). VT: Ventricular Tachycardia; LBBB: Left Bundle Branch Block; AF: Atrial Fibrillation; PVC: Premature
Ventricular Contraction. ECG findings were recorded preoperatively, during ICU admission, and during postoperative ward admission. Comparisons were
performed using the chi-square test or Fisher's exact test, as appropriate. A p-value <0.05 was considered statistically significant.
Data were analyzed using the chi-square or Fisher’s exact test.
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ECG assessment during ward admission showed normal
findings in 72.4% of patients, with no significant sex-based
differences  (p  =  0.127).  Combined  AF  and  PVC  was  the
most frequently observed postoperative arrhythmia at this
stage. By the time of ward evaluation, six patients had died.

Figure 1 shows changes in LVEF across the predefined
time  points.  The  mean  LVEF  was  33.44  ±  8.13%
preoperatively and increased to 42.89 ± 6.90% at 2 years
postoperatively.  Repeated-measures  ANOVA  revealed  a
statistically  significant  difference  in  LVEF  across  the
assessed  time  points  (p  <  0.05).

Table  3  presents  the  relationship  between  patients'

history of dyslipidemia and the occurrence of arrhythmias.
Preoperative  ECG  analysis  revealed  no  significant
difference between dyslipidemia and normal Vs abnormal
ECG  findings  (P=0.238).  However,  postoperatively,  a
higher  proportion  of  patients  without  dyslipidemia
maintained  normal  ECG  readings  in  the  ICU  (81%)
compared  to  those  with  dyslipidemia  (50%)  (p=0.012).
This trend continued in the ward, where 81% of patients
without  dyslipidemia  had  normal  ECGs,  compared  with
50%  of  those  with  dyslipidemia  (p=0.047).  Statistical
analysis using the chi-square test and Fisher's exact test
confirmed these findings.

Fig. (1). Changes in left ventricular ejection fraction before and after left ventricular aneurysm resection.

Table 3. Relationship between dyslipidemia and perioperative electrocardiographic abnormalities in patients
undergoing left ventricular aneurysm resection.

ECG Timing ECG Finding No Dyslipidemia, n (%) Dyslipidemia, n (%) P-value

Postoperative arrhythmia
Present 4 (19.0) 2 (25.0)

0.999
Absent 17 (81.0) 6 (75.0)

Preoperative ECG

Normal 11 (57.1) 2 (28.6)

0.238Abnormal
ECG

LBBB 0 (0) 2 (28.6)
VT 2 (9.5) 2 (25.0)
AF 3 (19.0) 1 (14.3)

PVC 5 (23.8) 0 (0)
AF + PVC 0 (0) 1 (28.6)

ICU ECG (postoperative)

Normal 17 (81.0) 4 (50.0)

0.012
Deceased 0 (0) 2 (25.0)
AF + PVC 0 (0) 2 (25.0)
VT + PVC 2 (9.5) 0 (0)

PVC 2 (9.5) 0 (0)

Ward ECG (postoperative)
Normal 17 (81.0) 4 (50.0)

0.047Deceased 4 (19.0) 2 (25.0)
AF + PVC 0 (0) 2 (25.0)

Note: Data are presented as a number (percentage). VT: Ventricular Tachycardia; LBBB: Left Bundle Branch Block; AF: Atrial Fibrillation; PVC: Premature
Ventricular  Contraction.  Dyslipidemia  was  defined  according  to  standard  lipid  profile  thresholds.  ECG  findings  were  assessed  preoperatively  and
postoperatively (ICU and ward). Statistical comparisons were performed using the chi-square test or Fisher's exact test. A p-value <0.05 was considered
statistically significant.
Data were analyzed using the Chi-square or Fisher’s exact test.
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Table 4. Association of cardiac arrhythmias with length of hospital stay.

Clinical Variable Status Length of Hospital Stay (days), Median (IQR) P-value

Preoperative arrhythmia type

Ventricular arrhythmia
Present 20 (4.5–141.5)

0.171*
Absent 12 (7–17.5)

Atrial arrhythmia
VT 13.5 (13–14)

0.928**PVC 16.5 (3–30)
None 12 (7–21)

Postoperative arrhythmia
Present 14 (3–30)

0.787*
Absent 12 (7–21)

Note: Data are presented as median (interquartile range). VT: Ventricular Tachycardia; PVC: Premature Ventricular Contraction. Statistical analysis was
performed using the Mann–Whitney U test (*) or Wilcoxon test (**), as appropriate. A p-value <0.05 was considered statistically significant.

The  association  between  surgical  complications,
cardiac  arrhythmias,  and  hospital  admission  duration  is
presented in Table 4. Patients with atrial arrhythmia, VT,
or  PVC  were  admitted  longer  than  those  without  any
arrhythmia; however, no significant association was found
between  cardiac  arrhythmias  and  hospital  admission
duration.

In  addition,  the  association  between  cardiac
arrhythmias and patients’ age was assessed using the Chi-
square test,  and no significant  association was observed
(P>0.05).  Moreover,  no  association  was  found  between
preoperative  pulmonary  disease  and  any  type  of  cardiac
arrhythmia (P<0.05).

3.2. Mortality
During  the  early  postoperative  period,  mortality

occurred  in  six  patients  (20.7%),  either  during  the  ICU
stay or upon admission to the cardiac surgery ward. Four
deaths  were  attributed  to  low  cardiac  output  syndrome,
and two resulted from cardiac tamponade. By the time the
study commenced, the total number of deceased patients
had  reached  eight;  however,  the  causes  of  death  in  the
remaining  two  cases  could  not  be  determined  based  on
telephone follow-up.

4. DISCUSSION
This  cross-sectional  study  offers  insights  into  the

incidence,  characteristics,  and  outcomes  of  cardiac
arrhythmias  following  LVA  resection,  a  procedure
performed  to  restore  ventricular  geometry  and
subsequently  improve  cardiac  function.  The  results
confirm  that  ventricular  arrhythmias,  particularly  PVCs,
are  a  significant  postoperative  complication,  affecting
20.7%  of  the  study's  cohort.  One  of  the  most  notable
findings is the high incidence of PVCs in both preoperative
and postoperative stages, suggesting a possible persistent
electrophysiological  abnormality  following  myocardial
infarction and subsequent LVA.  The study's  findings can
be explained by several factors. First, the pathophysiology
of  arrhythmias  post-surgery  is  multifactorial.  LVAs  are
often the result of prior myocardial infarction, which leads
to  myocardial  scarring  and  fibrosis  [17].  The  fibrotic
architecture  of  the  aneurysm  acts  as  a  substrate  for
electrical  instability,  primarily  by  altering  myocardial
conduction properties and fostering reentrant circuits [8,
17, 18]. The resection of LVA may mitigate some of these

abnormalities,  as  evidenced  by  the  significant  improve-
ment  in  LVEF  from  a  mean  of  33.4%  preoperatively  to
42.9% at two years post-surgery. This suggests that while
surgery  improves  overall  cardiac  function,  it  does  not
entirely  resolve  the  arrhythmic  risk,  likely  due  to  the
presence of scar tissue and impaired electrical conduction
in  the  remaining  myocardium  [12,  19-21].  The  patho-
genesis of arrhythmias following LVA resection reflects an
interaction  between  a  pre-existing  scar-based  substrate
and  acute  perioperative  triggers,  consistent  with
contemporary  concepts  of  scar-related  ventricular
arrhythmogenesis and postoperative rhythm vulnerability
[22,  23].  Although  aneurysmectomy  removes  dyskinetic
scar,  the  peri-scar/border-zone  where  surviving  myocyte
strands  are  interspersed  with  fibrosis  often  remains  a
critical  site  for  slow,  heterogeneous  conduction  and  re-
entrant  VT  circuits  [22,  24].  Experimental  mapping  in
healed  MI  demonstrates  that  the  infarct  scar  border
supports  VT  circuits,  with  conduction  impairment  and
spatial  electrophysiologic  heterogeneity  playing  a  key
mechanistic role [25]. More broadly, electrical remodeling
and  conduction  slowing  in  structurally  remodeled
myocardium are well-recognized prerequisites for reentry
and  complex  ventricular  ectopy  [25].  Additionally,  the
occurrence  of  arrhythmias  post-surgery  could  be  partly
due  to  surgical  trauma  and  ischemia-reperfusion  injury,
both of which contribute to electrical disturbances in the
heart [23, 26]. The early postoperative period (ICU phase)
is a high-risk window during which acute triggers act upon
the  underlying  substrate.  Post-cardiac  surgery  reviews
identify  multiple  contributors,  including  hemodynamic
stress,  metabolic  abnormalities,  electrolyte  disturbances
(notably  K+/Mg2+  shifts),  and  increased  adrenergic  tone
(including stress response and inotropic agents) [23, 27].

Regarding  mechanical  factors,  sudden  changes  in
loading conditions can acutely influence electrophysiology
via  mechano-electric  feedback;  direct  intraoperative
human  data  demonstrate  that  abrupt  increases  in
ventricular  loading  can  measurably  alter  electro-
physiologic parameters, providing physiologic support for
“mechanical stress” as a plausible trigger on a vulnerable
substrate  [28].  Contemporary  reviews  also  emphasize
“electromechanical  reciprocity”  as  a  clinically  relevant
contributor  to  arrhythmogenesis  in  susceptible  hearts
[29]. One of the most consistent findings in our study was
the  significant  improvement  in  LVEF  after  surgery.  The
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preoperative LVEF was 33.4% ± 8.1%, and it increased to
42.9%  ±  6.9%  two  years  postoperatively.  Sartipy  et  al.
(2008) examined the prevalence of arrhythmias in patients
with  both  ventricular  aneurysms  and  ventricular
tachycardia  following  surgery.  In  their  study  of  63
patients,  they  observed  a  decrease  in  arrhythmia  rates
post-surgery,  with  a  two-year  survival  rate  of
approximately  85% and a  five-year  survival  rate  of  62%.
The leading cause of death was severe heart failure. Our
findings  align  closely  with  those  of  Sartipy  et  al.,  as  we
also  observed  a  reduction  in  pathological  ECG  changes
post-surgery. Additionally, our two-year survival rate was
approximately  80%,  consistent  with  their  results  [30].
Another finding of interest is the increased mortality rate
among  patients  who  developed  postoperative  compli-
cations. A total of six patients (20.7%) died after surgery,
with  the  majority  of  deaths  attributed  to  low  cardiac
output  syndrome  (4  patients)  and  cardiac  tamponade  (2
patients). The role of low cardiac output syndrome in post-
surgical mortality is well-documented, often resulting from
inadequate myocardial  function following the removal  of
an  aneurysmal  segment  [31].  The  observation  that
tamponade, a condition in which fluid accumulates in the
pericardial  sac  and  restricts  normal  cardiac  filling  and
reduces cardiac output, was also a significant contributor
to  mortality,  and  it  highlights  the  need  for  close
postoperative  monitoring,  particularly  in  patients  with
impaired  ventricular  function  [32,  33].

Our  data  showed  a  significant  correlation  between
dyslipidemia and pathological postoperative ECG changes,
which  is  another  critical  aspect  of  the  study,  consistent
with  previous  studies  [34].  Liu  et  al.'s  (2006)  study,
examining  eight  patients  with  acute  MI,  revealed  that
higher levels of low-density Lipoprotein Cholesterol (LDL-
C) were significantly associated with an increased risk of
developing  VT  or  VF  during  the  acute  stage  of  MI  [34].
Mechanistically,  changes in  membrane lipid composition
(including  cholesterol  content)  can  influence  membrane
protein  conformation  and  function,  with  downstream
effects  on  cardiac  excitability.  In  near-native  membrane
experiments,  cholesterol  depletion  significantly  reduced
Na+/K+-ATPase  activity  and  altered  reaction  kinetics,
supporting the principle that membrane lipid environment
can  modulate  key  electrogenic  transporters  relevant  to
resting  membrane  potential  stability  and  ectopy
thresholds  [35].  In  our  study,  patients  with  a  history  of
dyslipidemia  were  more  likely  to  exhibit  abnormal
postoperative ECGs, as well  as more severe arrhythmias
such  as  AF  and  PVCs.  This  finding  suggests  that
dyslipidemia  may  contribute  to  the  underlying
pathophysiology  of  arrhythmias,  possibly  through  its
effects  on  myocardial  ischemia,  endothelial  dysfunction,
and  the  promotion  of  fibrosis  [36,  37].  The  increased
vulnerability  to  arrhythmias  in  these  patients  could  be
related  to  a  combination  of  factors,  including  the
accelerated progression of coronary artery disease and the
resulting  impact  on  the  electrical  stability  of  the
myocardium.  Interestingly,  no  significant  statistical
correlation was found between specific arrhythmia types

and  age  groups  in  our  cohort.  This  apparent  lack  of  an
age-related  effect  may  be  attributable  to  the  relatively
small  sample  size,  which  likely  limited  the  statistical
power to detect subtle differences. However, the broader
literature  suggests  that  the  incidence  of  arrhythmias
generally  increases  with  age  [38,  39].  In  terms  of
comorbidities,  our  findings  indicated  no  significant
association between preoperative pulmonary disease and
arrhythmias (p  > 0.05).  This contrasts with the study by
Serrano  Jr.  et  al.  (2010)  [40],  which  demonstrated  that
aneurysmectomy  in  patients  with  severe  left  ventricular
dysfunction  was  associated  with  a  higher  rate  of
pulmonary tract infections (73% in patients who expired).
The  discrepancy  between  our  findings  and  those  of
Serrano  Jr.  et  al.  (2010)  [40]  may  be  attributed  to  our
smaller sample size, which may have limited the detection
of  significant  associations.  The  relationship  between
surgical complications and hospital admission duration is
also an essential topic of discussion. While patients with
intraoperative  or  postoperative  complications  and
arrhythmias tended to have more extended hospital stays,
statistical analysis did not reveal a significant association.
This  could  be  due  to  a  variety  of  factors,  including  the
complexity of each individual's recovery process and the
hospital's  discharge  criteria,  which  may  not  be  based
solely  on  arrhythmia  resolution.

Recent  advancements  have  significantly  refined  the
management of post-LVA arrhythmias. Beyond traditional
resection,  the  integration  of  preoperative/intraoperative
3D Electroanatomic Mapping (EAM) enables more precise
identification  of  arrhythmogenic  substrate/foci  and  can
guide targeted ablation strategies during hybrid or open
surgical procedures [41-43]. Furthermore, combining LVA
resection/ surgical ventricular reconstruction (SVR) with
adjunctive  surgical  VT  procedures  (eg,
cryoablation/endocardial substrate modification) has been
reported to improve long-term VT control, supporting the
concept that geometric reconstruction alone may not fully
eliminate re-entrant circuits [30, 42, 44, 45]. In terms of
prevention, early perioperative beta-blocker optimization
remains a key evidence-based strategy for reducing post-
cardiac-surgery  tachyarrhythmias,  and  perioperative
amiodarone  prophylaxis  has  RCT-level  evidence  for
reducing  postoperative  tachyarrhythmias,  with  reported
reduction  in  sustained  ventricular  tachyarrhythmias  as
well [46, 47]. However, for patients deemed high-risk (eg,
persistent complex ventricular ectopy/NSVT, sustained VT,
or markedly reduced LVEF after optimization), timely ICD
implantation is a guideline-supported standard of care for
prevention of sudden cardiac death in eligible patients (eg,
ischemic  cardiomyopathy  with  LVEF  ≤35%  despite
optimal therapy, per contemporary guideline criteria) [22].
Finally,  improved  imaging,  particularly  Late  Gadolinium
Enhancement (LGE) cardiac MRI for scar and border-zone
characterization,  is  increasingly  central  for  arrhythmic
risk  stratification  and  may  inform  downstream  ICD
selection  and/or  VT  ablation  planning  [48-50].
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5. LIMITATIONS AND RECOMMENDATIONS
While  this  study  provides  valuable  insights  into

postoperative  outcomes  following  ventricular  aneurysm
surgery,  several  limitations  warrant  consideration.
Primarily, the relatively small sample size constrained the
statistical power of the study, precluding the feasibility of
multivariate analysis to adjust for potential confounders.
Consequently,  our  findings  regarding  gender-based
differences and clinical correlations should be interpreted
as  exploratory  and  hypothesis-generating  rather  than
definitive.  Additionally,  the  single-center  nature  of  the
research  may  limit  the  generalizability  of  the  results  to
broader clinical settings. Future research should focus on
larger,  multicenter  prospective  trials  to  validate  these
findings  and  refine  risk  stratification  models.  Long-term
studies  assessing  arrhythmia  recurrence,  survival  rates,
and  quality  of  life  post-LVA  resection  are  necessary  to
further establish the durability of surgical benefits and the
impact  of  postoperative  complications.  Furthermore,
integrating  advanced  imaging  and  electrophysiological
mapping  could  offer  deeper  insights  into  the  underlying
mechanisms of post-surgical arrhythmias.

6. CLINICAL IMPLICATIONS
Patients  with  dyslipidemia  are  at  a  higher  risk  of

preoperative  and  postoperative  arrhythmias.  Aggressive
management  of  lipid  profiles,  including  statin  therapy,
should be prioritized before surgery to reduce arrhythmic
risk.  Male  patients  exhibited  a  higher  incidence  of
arrhythmias  post-LVA  resection.  Clinicians  should  be
vigilant in monitoring male patients for arrhythmias and
consider  prophylactic  antiarrhythmic  therapy  or  closer
postoperative  surveillance.  Given  the  high  incidence  of
postoperative  arrhythmias  (20.7%),  continuous  ECG
monitoring  in  the  immediate  postoperative  period  is
essential. Early detection of ventricular arrhythmias (e.g.,
PVCs, VT) and AF can guide timely interventions such as
antiarrhythmic  medications,  catheter  ablation,  or  ICD
placement.  Low  cardiac  output  syndrome  and  cardiac
tamponade  were  the  leading  causes  of  in-hospital
mortality. Therefore, hemodynamic monitoring and early
use  of  inotropic  support  or  mechanical  circulatory
assistance  should  be  considered  in  high-risk  patients.
Cardiac tamponade contributed to mortality in this cohort.
Meticulous  surgical  hemostasis  and  postoperative
pericardial  drainage  protocols  should  be  emphasized  to
prevent this complication.

The significant improvement in LVEF (from 33.4% to
42.9%  at  two  years)  underscores  the  benefits  of  LVA
resection  in  restoring  cardiac  function.  However,  the
persistence  of  arrhythmias  suggests  that  surgical  inter-
vention alone may not fully address electrical instability.
Long-term  follow-up  with  echocardiography  and
arrhythmia monitoring is recommended. Despite improved
LVEF, patients remain at risk for heart failure. Guideline-
Directed  Medical  Therapy  (GDMT)  for  heart  failure,
including beta-blockers,  ACE inhibitors,  and aldosterone
antagonists,  should  be  optimized  postoperatively.
Dyslipidemia was strongly associated with abnormal ECG

findings  and  severe  arrhythmias.  Postoperative  lipid-
lowering  therapy  should  be  intensified,  and  lifestyle
modifications should be encouraged to reduce arrhythmic
risk.  Hypertension  and  diabetes  were  prevalent  in  the
cohort. Tight control of blood pressure and blood glucose
levels  may  reduce  the  risk  of  arrhythmias  and  improve
overall outcomes. The study highlights the role of surgical
manipulation in triggering arrhythmias. Surgeons should
aim  to  minimize  myocardial  trauma  and  ischemia-
reperfusion  injury  during  LVA  resection.  Patients  with
intraoperative  or  postoperative  complications  had  more
extended hospital stays. Implementing Enhanced Recovery
After Surgery (ERAS) protocols may reduce complications
and  shorten  hospitalization.  While  no  significant
association was found between age and arrhythmias, older
patients may still  be at higher risk due to comorbidities.
Individualized risk assessment and tailored postoperative
care are essential. Although no significant link was found
between  pulmonary  disease  and  arrhythmias,  patients
with COPD or other pulmonary conditions should receive
optimized  respiratory  care  to  prevent  postoperative
pulmonary  complications.

CONCLUSION
In  conclusion,  this  study  underscores  that  while

ventricular  aneurysmectomy  significantly  improves  left
ventricular systolic function, it does not eliminate the risk
of  postoperative  arrhythmias.  Additionally,  dyslipidemia
emerged as a critical clinical marker, strongly associated
with pathological ECG changes and complex arrhythmias.
Although the relatively small sample size necessitates an
exploratory  interpretation  of  these  results,  the  data
suggest that surgical success should be measured not only
by hemodynamic recovery but also by long-term electrical
stability. Future management strategies should prioritize
aggressive  lipid-lowering  therapy  and  vigilant  post-
operative monitoring, particularly in high-risk patients, to
mitigate  the  burden  of  arrhythmic  events  and  improve
overall  survival.

AUTHORS’ CONTRIBUTIONS
The authors confirm their contribution to the paper as

follows: Y.M., K.GH., A.M.: Study conception and design;
A.B., H.H.: Analysis and interpretation of results; A.R.A.,
N.M.,  M.H.M.,  A.A.SH.,  A.A.T.:  Data  curation;  R.R.:
Writing - reviewing and editing; K.GH.: Conceptualization.
All  authors  reviewed  the  results  and  approved  the  final
version of the manuscript.

LIST OF ABBREVIATIONS

LVA = Left Ventricular Aneurysm
MI = Myocardial Infarction
LVEF = Left Ventricular Ejection Fraction
ECG = Electrocardiography
ICU = Intensive Care Unit
VT = Ventricular Tachycardia
PVC = Premature Ventricular Contraction



Left Ventricular Aneurysm Resection 9

AF = Atrial Fibrillation
LBBB = Left Bundle Branch Block
CABG = Coronary Artery Bypass Grafting
NSVT = Non-Sustained Ventricular Tachycardia
EAM = Electroanatomic Mapping
SVR = Surgical Ventricular Reconstruction
GDMT = Guideline-Directed Medical Therapy
LDL-C = Low-Density Lipoprotein Cholesterol
RCT = Randomized Controlled Trial
LGE-MRI = Late Gadolinium Enhancement Cardiac

Magnetic Resonance Imaging
HIS = Hospital Information System
BMI = Body Mass Index
ARBs = Angiotensin II Receptor Blockers
CASS = Coronary Artery Surgery Study criteria
SPSS = Statistical Package for the Social Sciences
IQR = Interquartile Range
SD = Standard Deviation
3D EAM = Three-Dimensional Electroanatomic

Mapping
VF = Ventricular Fibrillation

ETHICS  APPROVAL  AND  CONSENT  TO
PARTICIPATE

This  study was conducted in accordance with ethical
standards and was approved by the University's Research
Council  under  project  number  A-10-116-7  on  August  19.
2020.  Ethical  approval  was  obtained  from  the  Ethics
Committee  of  Semnan  University  of  Medical  Sciences
(Approval  code:  IR.SEMUMS.REC.1399.290,  dated
January  26,  2021).

HUMAN AND ANIMAL RIGHTS
All procedures performed in studies involving human

participants were in accordance with the ethical standards
of  institutional  and/or  research  committee  and  with  the
1975 Declaration of Helsinki, as revised in 2013.

CONSENT FOR PUBLICATION
The  ethics  committee  waived  the  need  for  informed

consent for the use of retrospective data.

STANDARDS OF REPORTING
STROBE guidelines were followed.

AVAILABILITY OF DATA AND MATERIALS
The data generated and analyzed during this study will

be  made  available  upon  request  to  the  corresponding
author,  K.GH.

FUNDING
None.

CONFLICT OF INTEREST
The authors declare no conflict of interest, financial or

otherwise.

ACKNOWLEDGEMENTS
The  authors  would  like  to  extend  their  sincere

gratitude to Mashhad University of Medical Sciences and
Semnan University of Medical Sciences for their support
and  collaboration  in  this  research.  They  also  sincerely
appreciate the efforts of all individuals who contributed to
the  data  collection,  patient  care,  and  manuscript
preparation.  Their  dedication  and  cooperation  were
invaluable  to  the  successful  completion  of  this  study.

REFERENCES
You J, Gao L, Shen Y, et al. Predictors and long-term prognosis of[1]
left  ventricular  aneurysm  in  patients  with  acute  anterior
myocardial infarction treated with primary percutaneous coronary
intervention in the contemporary era. J Thorac Dis 2021; 13(3):
1706-16.
http://dx.doi.org/10.21037/jtd-20-3350 PMID: 33841961
Jan  MF,  Todaro  MC,  Oreto  L,  Tajik  AJ.  Apical  hypertrophic[2]
cardiomyopathy: Present status. Int J Cardiol 2016; 222: 745-59.
http://dx.doi.org/10.1016/j.ijcard.2016.07.154 PMID: 27521551
Perillo  EF,  Canciello  G,  Borrelli  F,  et  al.  Diagnosis  and  clinical[3]
implication  of  left  ventricular  aneurysm  in  hypertrophic
cardiomyopathy.  Diagnostics  2023;  13(11):  1848.
http://dx.doi.org/10.3390/diagnostics13111848 PMID: 37296698
Jia  JH,  Fu  W,  Sun  YP,  Chen  C,  Zhang  K,  Dong  R.  Advances  in[4]
surgical treatments of left ventricular aneurysms. Rev Cardiovasc
Med 2024; 25(8): 290.
http://dx.doi.org/10.31083/j.rcm2508290 PMID: 39228500
Ning X, Ye X, Si Y, et al. Prevalence and prognosis of ventricular[5]
tachycardia/ventricular fibrillation in patients with post-infarction
left ventricular aneurysm: Analysis of 575 cases. J Electrocardiol
2018; 51(4): 742-6.
http://dx.doi.org/10.1016/j.jelectrocard.2018.03.010  PMID:
29803411
Ohlow MA, von Korn H, Lauer B. Characteristics and outcome of[6]
congenital left ventricular aneurysm and diverticulum: Analysis of
809 cases published since 1816. Int J Cardiol 2015; 185: 34-45.
http://dx.doi.org/10.1016/j.ijcard.2015.03.050 PMID: 25782048
Lorusso  R,  Matteucci  M,  Lerakis  S,  et  al.  Postmyocardial[7]
infarction  ventricular  aneurysm:  JACC  focus  seminar  5/5.  J  Am
Coll Cardiol 2024; 83(19): 1917-35.
http://dx.doi.org/10.1016/j.jacc.2024.02.044 PMID: 38719371
Nguyen  TP,  Qu  Z,  Weiss  JN.  Cardiac  fibrosis  and[8]
arrhythmogenesis: The road to repair is paved with perils. J Mol
Cell Cardiol 2014; 70: 83-91.
http://dx.doi.org/10.1016/j.yjmcc.2013.10.018 PMID: 24184999
Walsh SR, Tang T,  Wijewardena C, Yarham SI,  Boyle JR, Gaunt[9]
ME. Postoperative arrhythmias in general surgical patients. Ann R
Coll Surg Engl 2007; 89(2): 91-5.
http://dx.doi.org/10.1308/003588407X168253 PMID: 17346395
Mircea AA, Rusu M, Liehn EA, Bucur O. Promising therapies for[10]
atrial fibrillation and ventricular tachycardia. Int J Mol Sci 2022;
23(20): 12612.
http://dx.doi.org/10.3390/ijms232012612 PMID: 36293490
Mountantonakis  S,  Deo  R.  Biomarkers  in  atrial  fibrillation,[11]
ventricular  arrhythmias,  and  sudden  cardiac  death.  Cardiovasc
Ther 2012; 30(2): e74-80.
http://dx.doi.org/10.1111/j.1755-5922.2010.00238.x  PMID:
21070616
Donahue  JK,  Chrispin  J,  Ajijola  OA.  Mechanism  of  ventricular[12]
tachycardia occurring in chronic myocardial infarction Scar. Circ

http://dx.doi.org/10.21037/jtd-20-3350
http://www.ncbi.nlm.nih.gov/pubmed/33841961
http://dx.doi.org/10.1016/j.ijcard.2016.07.154
http://www.ncbi.nlm.nih.gov/pubmed/27521551
http://dx.doi.org/10.3390/diagnostics13111848
http://www.ncbi.nlm.nih.gov/pubmed/37296698
http://dx.doi.org/10.31083/j.rcm2508290
http://www.ncbi.nlm.nih.gov/pubmed/39228500
http://dx.doi.org/10.1016/j.jelectrocard.2018.03.010
http://www.ncbi.nlm.nih.gov/pubmed/29803411
http://dx.doi.org/10.1016/j.ijcard.2015.03.050
http://www.ncbi.nlm.nih.gov/pubmed/25782048
http://dx.doi.org/10.1016/j.jacc.2024.02.044
http://www.ncbi.nlm.nih.gov/pubmed/38719371
http://dx.doi.org/10.1016/j.yjmcc.2013.10.018
http://www.ncbi.nlm.nih.gov/pubmed/24184999
http://dx.doi.org/10.1308/003588407X168253
http://www.ncbi.nlm.nih.gov/pubmed/17346395
http://dx.doi.org/10.3390/ijms232012612
http://www.ncbi.nlm.nih.gov/pubmed/36293490
http://dx.doi.org/10.1111/j.1755-5922.2010.00238.x
http://www.ncbi.nlm.nih.gov/pubmed/21070616


10   The Open Public Health Journal, 2026, Vol. 19 Moeinipour et al.

Res 2024; 134(3): 328-42.
http://dx.doi.org/10.1161/CIRCRESAHA.123.321553  PMID:
38300981
Suero OR, Ali AK, Barron LR, Segar MW, Moon MR, Chatterjee S.[13]
Postoperative  atrial  fibrillation  (POAF)  after  cardiac  surgery:
clinical practice review. J Thorac Dis 2024; 16(2): 1503-20.
http://dx.doi.org/10.21037/jtd-23-1626 PMID: 38505057
Lim H, Hamaad A, Lip GYH. Clinical review: Clinical management[14]
of atrial fibrillation - rate control versus rhythm control. Crit Care
2004; 8(4): 271-9.
http://dx.doi.org/10.1186/cc2827 PMID: 15312210
Sui  Y,  Teng  S,  Qian  J,  Zhao  Z,  Zhang  Q,  Wu  Y.  Treatment[15]
outcomes  and  therapeutic  evaluations  of  patients  with  left
ventricular  aneurysm.  J  Int  Med  Res  2019;  47(1):  244-51.
http://dx.doi.org/10.1177/0300060518800127 PMID: 30270805
Haegeli LM, Ercin E, Steffel J, et al. Incidence and prognosis of[16]
ventricular arrhythmias in patients with congenital left ventricular
aneurysms or diverticula. Am J Med 2015 Jun; 128(6): 653.e1-6.
http://dx.doi.org/10.1016/j.amjmed.2015.01.001
de Jong S, van Veen TAB, van Rijen HVM, de Bakker JMT. Fibrosis[17]
and  cardiac  arrhythmias.  J  Cardiovasc  Pharmacol  2011;  57(6):
630-8.
http://dx.doi.org/10.1097/FJC.0b013e318207a35f  PMID:
21150449
Piek A, Silljé HHW, de Boer RA. The vicious cycle of arrhythmia[18]
and myocardial fibrosis. Eur J Heart Fail 2019; 21(4): 492-4.
http://dx.doi.org/10.1002/ejhf.1421 PMID: 30698320
Lazzerini  PE,  Abbate  A,  Boutjdir  M,  Capecchi  PL.  Fir(e)ing  the[19]
Rhythm. JACC Basic Transl Sci 2023; 8(6): 728-50.
http://dx.doi.org/10.1016/j.jacbts.2022.12.004 PMID: 37426535
Taghdiri  A.  Inflammation  and  arrhythmogenesis:  a  narrative[20]
review of the complex relationship. Int J Arrhythmia 2024; 25(1):
4.
http://dx.doi.org/10.1186/s42444-024-00110-z
Lazzerini  PE,  Laghi-Pasini  F,  Boutjdir  M,  Capecchi  PL.[21]
Inflammatory cytokines and cardiac arrhythmias: the lesson from
COVID-19. Nat Rev Immunol 2022; 22(5): 270-2.
http://dx.doi.org/10.1038/s41577-022-00714-3 PMID: 35347295
Zeppenfeld  K,  Tfelt-Hansen  J,  de  Riva  M,  et  al.  2022  ESC[22]
Guidelines  for  the  management  of  patients  with  ventricular
arrhythmias  and  the  prevention  of  sudden  cardiac  death.  Eur
Heart J 2022; 43(40): 3997-4126.
http://dx.doi.org/10.1093/eurheartj/ehac262 PMID: 36017572
Peretto  G,  Durante  A,  Limite  LR,  Cianflone  D.  Postoperative[23]
arrhythmias  after  cardiac  surgery:  incidence,  risk  factors,  and
therapeutic management. Cardiol Res Pract 2014; 2014(1): 1-15.
http://dx.doi.org/10.1155/2014/615987 PMID: 24511410
Han  B,  Trew  ML,  Zgierski-Johnston  CM.  Cardiac  conduction[24]
velocity,  remodeling and arrhythmogenesis.  Cells  2021; 10(11):
2923.
http://dx.doi.org/10.3390/cells10112923 PMID: 34831145
Kelemen  K,  Greener  ID,  Wan  X,  Parajuli  S,  Donahue  JK.[25]
Heterogeneous  repolarization  creates  ventricular  tachycardia
circuits in healed myocardial infarction scar. Nat Commun 2022;
13(1): 830.
http://dx.doi.org/10.1038/s41467-022-28418-1 PMID: 35149693
Zakkar  M,  Ascione  R,  James  AF,  Angelini  GD,  Suleiman  MS.[26]
Inflammation, oxidative stress and postoperative atrial fibrillation
in cardiac surgery. Pharmacol Ther 2015; 154: 13-20.
http://dx.doi.org/10.1016/j.pharmthera.2015.06.009  PMID:
26116810
Lan YT, Lee JCR, Wetzel G. Postoperative arrhythmia. Curr Opin[27]
Cardiol 2003; 18(2): 73-8.
http://dx.doi.org/10.1097/00001573-200303000-00001  PMID:
12652209
Orini M, Taggart P, Bhuva A, et al. Direct in vivo assessment of[28]
global and regional mechanoelectric feedback in the intact human
heart. Heart Rhythm 2021; 18(8): 1406-13.
http://dx.doi.org/10.1016/j.hrthm.2021.04.026 PMID: 33932588
Odening KE, van der Linde HJ,  Ackerman MJ,  Volders PGA, ter[29]

Bekke RMA. Electromechanical reciprocity and arrhythmogenesis
in  long-QT  syndrome  and  beyond.  Eur  Heart  J  2022;  43(32):
3018-28.
http://dx.doi.org/10.1093/eurheartj/ehac135 PMID: 35445703
Sartipy  U,  Löfving  A,  Albåge  A,  Lindblom  D.  Surgery  for[30]
ventricular  tachycardia  and  left  ventricular  aneurysm  provides
arrhythmia control. Scand Cardiovasc J 2008; 42(3): 226-32.
http://dx.doi.org/10.1080/14017430802005240 PMID: 18569956
Lomivorotov VV, Efremov SM, Kirov MY, Fominskiy EV, Karaskov[31]
AM.  Low-cardiac-output  syndrome  after  cardiac  surgery.  J
Cardiothorac  Vasc  Anesth  2017;  31(1):  291-308.
http://dx.doi.org/10.1053/j.jvca.2016.05.029 PMID: 27671216
Appleton  C,  Gillam  L,  Koulogiannis  K.  Cardiac  Tamponade.[32]
Cardiol Clin 2017; 35(4): 525-37.
PMID: 29025544
Weeks KR, Chatterjee K, Block S, Matloff JM, Swan HJC. Bedside[33]
hemodynamic monitoring. J Thorac Cardiovasc Surg 1976; 71(2):
250-2.
http://dx.doi.org/10.1016/S0022-5223(19)40236-5 PMID: 1082054
Liu  YB,  Wu CC,  Lee  CM,  et  al.  Dyslipidemia  is  associated  with[34]
ventricular  tachyarrhythmia  in  patients  with  acute  ST-segment
elevation  myocardial  infarction.  J  Formos  Med  Assoc  2006;
105(1):  17-24.
http://dx.doi.org/10.1016/S0929-6646(09)60104-2  PMID:
16440066
Garcia A, Lev B, Hossain KR, et al. Cholesterol depletion inhibits[35]
Na+,K+-ATPase activity in a near-native membrane environment. J
Biol Chem 2019; 294(15): 5956-69.
http://dx.doi.org/10.1074/jbc.RA118.006223 PMID: 30770471
Pol  T,  Held  C,  Westerbergh  J,  et  al.  Dyslipidemia  and  risk  of[36]
cardiovascular  events  in  patients  with  atrial  fibrillation  treated
with oral anticoagulation therapy: Insights from the ARISTOTLE
(apixaban  for  reduction  in  stroke  and  other  thromboembolic
events  in  atrial  fibrillation)  trial.  J  Am Heart  Assoc  2018;  7(3):
e007444.
http://dx.doi.org/10.1161/JAHA.117.007444 PMID: 29419390
Talman  V,  Ruskoaho  H.  Cardiac  fibrosis  in  myocardial[37]
infarction—from  repair  and  remodeling  to  regeneration.  Cell
Tissue  Res  2016;  365(3):  563-81.
http://dx.doi.org/10.1007/s00441-016-2431-9 PMID: 27324127
Mirza  M,  Strunets  A,  Shen  WK,  Jahangir  A.  Mechanisms  of[38]
arrhythmias and conduction disorders in older adults. Clin Geriatr
Med 2012; 28(4): 555-73.
http://dx.doi.org/10.1016/j.cger.2012.08.005 PMID: 23101571
El-Chami MF, Sawaya FJ, Kilgo P, et al.  Ventricular arrhythmia[39]
after cardiac surgery: incidence, predictors, and outcomes. J Am
Coll Cardiol 2012; 60(25): 2664-71.
http://dx.doi.org/10.1016/j.jacc.2012.08.1011 PMID: 23177295
Serrano CV Jr, Ramires JAF, de Matos Soeiro A, et al. Efficacy of[40]
aneurysmectomy  in  patients  with  severe  left  ventricular
dysfunction:  favorable  short-  and  long-term  results  in  ischemic
cardiomyopathy. Clinics (São Paulo) 2010; 65(10): 947-52.
http://dx.doi.org/10.1590/S1807-59322010001000004  PMID:
21120292
Khalil F, Siontis K, Bagameri G, Killu AM. Hybrid Catheter-Based[41]
and Surgical Techniques for Ablation of Ventricular Arrhythmias.
Arrhythm Electrophysiol Rev 2020; 9(2): 97-103.
http://dx.doi.org/10.15420/aer.2020.08 PMID: 32983531
Kunkel M, Rothstein P, Sauer P, et al. Open surgical ablation of[42]
ventricular  tachycardia:  Utility  and  feasibility  of  contemporary
mapping and ablation tools. Heart Rhythm O2 2021; 2(3): 271-9.
http://dx.doi.org/10.1016/j.hroo.2021.05.004 PMID: 34337578
Nitta T, Kurita J, Murata H, et al. Intraoperative electroanatomic[43]
mapping. Ann Thorac Surg 2012; 93(4): 1285-8.
http://dx.doi.org/10.1016/j.athoracsur.2011.12.081  PMID:
22450076
Sartipy U, Albåge A, Strååt E, Insulander P, Lindblom D. Surgery[44]
for ventricular tachycardia in patients undergoing left ventricular
reconstruction  by  the  Dor  procedure.  Ann  Thorac  Surg  2006;

http://dx.doi.org/10.1161/CIRCRESAHA.123.321553
http://www.ncbi.nlm.nih.gov/pubmed/38300981
http://dx.doi.org/10.21037/jtd-23-1626
http://www.ncbi.nlm.nih.gov/pubmed/38505057
http://dx.doi.org/10.1186/cc2827
http://www.ncbi.nlm.nih.gov/pubmed/15312210
http://dx.doi.org/10.1177/0300060518800127
http://www.ncbi.nlm.nih.gov/pubmed/30270805
http://dx.doi.org/10.1016/j.amjmed.2015.01.001
http://dx.doi.org/10.1097/FJC.0b013e318207a35f
http://www.ncbi.nlm.nih.gov/pubmed/21150449
http://dx.doi.org/10.1002/ejhf.1421
http://www.ncbi.nlm.nih.gov/pubmed/30698320
http://dx.doi.org/10.1016/j.jacbts.2022.12.004
http://www.ncbi.nlm.nih.gov/pubmed/37426535
http://dx.doi.org/10.1186/s42444-024-00110-z
http://dx.doi.org/10.1038/s41577-022-00714-3
http://www.ncbi.nlm.nih.gov/pubmed/35347295
http://dx.doi.org/10.1093/eurheartj/ehac262
http://www.ncbi.nlm.nih.gov/pubmed/36017572
http://dx.doi.org/10.1155/2014/615987
http://www.ncbi.nlm.nih.gov/pubmed/24511410
http://dx.doi.org/10.3390/cells10112923
http://www.ncbi.nlm.nih.gov/pubmed/34831145
http://dx.doi.org/10.1038/s41467-022-28418-1
http://www.ncbi.nlm.nih.gov/pubmed/35149693
http://dx.doi.org/10.1016/j.pharmthera.2015.06.009
http://www.ncbi.nlm.nih.gov/pubmed/26116810
http://dx.doi.org/10.1097/00001573-200303000-00001
http://www.ncbi.nlm.nih.gov/pubmed/12652209
http://dx.doi.org/10.1016/j.hrthm.2021.04.026
http://www.ncbi.nlm.nih.gov/pubmed/33932588
http://dx.doi.org/10.1093/eurheartj/ehac135
http://www.ncbi.nlm.nih.gov/pubmed/35445703
http://dx.doi.org/10.1080/14017430802005240
http://www.ncbi.nlm.nih.gov/pubmed/18569956
http://dx.doi.org/10.1053/j.jvca.2016.05.029
http://www.ncbi.nlm.nih.gov/pubmed/27671216
http://www.ncbi.nlm.nih.gov/pubmed/29025544
http://dx.doi.org/10.1016/S0022-5223(19)40236-5
http://www.ncbi.nlm.nih.gov/pubmed/1082054
http://dx.doi.org/10.1016/S0929-6646(09)60104-2
http://www.ncbi.nlm.nih.gov/pubmed/16440066
http://dx.doi.org/10.1074/jbc.RA118.006223
http://www.ncbi.nlm.nih.gov/pubmed/30770471
http://dx.doi.org/10.1161/JAHA.117.007444
http://www.ncbi.nlm.nih.gov/pubmed/29419390
http://dx.doi.org/10.1007/s00441-016-2431-9
http://www.ncbi.nlm.nih.gov/pubmed/27324127
http://dx.doi.org/10.1016/j.cger.2012.08.005
http://www.ncbi.nlm.nih.gov/pubmed/23101571
http://dx.doi.org/10.1016/j.jacc.2012.08.1011
http://www.ncbi.nlm.nih.gov/pubmed/23177295
http://dx.doi.org/10.1590/S1807-59322010001000004
http://www.ncbi.nlm.nih.gov/pubmed/21120292
http://dx.doi.org/10.15420/aer.2020.08
http://www.ncbi.nlm.nih.gov/pubmed/32983531
http://dx.doi.org/10.1016/j.hroo.2021.05.004
http://www.ncbi.nlm.nih.gov/pubmed/34337578
http://dx.doi.org/10.1016/j.athoracsur.2011.12.081
http://www.ncbi.nlm.nih.gov/pubmed/22450076


Left Ventricular Aneurysm Resection 11

81(1): 65-71.
http://dx.doi.org/10.1016/j.athoracsur.2005.06.058  PMID:
16368337
Anter  E,  Hutchinson  MD,  Deo  R,  et  al.  Surgical  ablation  of[45]
refractory  ventricular  tachycardia  in  patients  with  nonischemic
cardiomyopathy.  Circ  Arrhythm  Electrophysiol  2011;  4(4):
494-500.
http://dx.doi.org/10.1161/CIRCEP.111.962555 PMID: 21673018
Masuda Y, Luo HD, Kang GS, Teoh KLK, Kofidis T. Meta-analysis[46]
of the benefit of beta-blockers for the reduction of isolated atrial
fibrillation incidence after cardiac surgery. JTCVS Open 2020; 3:
66-85.
http://dx.doi.org/10.1016/j.xjon.2020.07.004 PMID: 36003876
Mitchell  LB,  Exner  DV,  Wyse  DG,  et  al.  Prophylactic  oral[47]
amiodarone  for  the  prevention  of  arrhythmias  that  begin  early
after revascularization, valve replacement, or repair. JAMA 2005;
294(24): 3093-100.

http://dx.doi.org/10.1001/jama.294.24.3093 PMID: 16380589
Scott  PA,  Rosengarten  JA,  Curzen  NP,  Morgan  JM.  Late[48]
gadolinium enhancement cardiac magnetic resonance imaging for
the  prediction  of  ventricular  tachyarrhythmic  events:  A  meta‐
analysis. Eur J Heart Fail 2013; 15(9): 1019-27.
http://dx.doi.org/10.1093/eurjhf/hft053 PMID: 23558217
Scott  PA,  Morgan  JM,  Carroll  N,  et  al.  The  extent  of  left[49]
ventricular scar quantified by late gadolinium enhancement MRI
is associated with spontaneous ventricular arrhythmias in patients
with  coronary  artery  disease  and  implantable  cardioverter-
defibrillators. Circ Arrhythm Electrophysiol 2011; 4(3): 324-30.
http://dx.doi.org/10.1161/CIRCEP.110.959544 PMID: 21493964
Theerasuwipakorn N, Chokesuwattanaskul R, Phannajit  J,  et al.[50]
Impact of late gadolinium-enhanced cardiac MRI on arrhythmic
and mortality outcomes in nonischemic dilated cardiomyopathy:
Updated  systematic  review  and  meta-analysis.  Sci  Rep  2023;
13(1): 13775.
http://dx.doi.org/10.1038/s41598-023-41087-4 PMID: 37612359

DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the final version.
Major publication processes like copyediting, proofing, typesetting and further review are still to be done and may lead to changes in
the final published version, if it is eventually published. All legal disclaimers that apply to the final published article also apply to this
ahead-of-print version.

http://dx.doi.org/10.1016/j.athoracsur.2005.06.058
http://www.ncbi.nlm.nih.gov/pubmed/16368337
http://dx.doi.org/10.1161/CIRCEP.111.962555
http://www.ncbi.nlm.nih.gov/pubmed/21673018
http://dx.doi.org/10.1016/j.xjon.2020.07.004
http://www.ncbi.nlm.nih.gov/pubmed/36003876
http://dx.doi.org/10.1001/jama.294.24.3093
http://www.ncbi.nlm.nih.gov/pubmed/16380589
http://dx.doi.org/10.1093/eurjhf/hft053
http://www.ncbi.nlm.nih.gov/pubmed/23558217
http://dx.doi.org/10.1161/CIRCEP.110.959544
http://www.ncbi.nlm.nih.gov/pubmed/21493964
http://dx.doi.org/10.1038/s41598-023-41087-4
http://www.ncbi.nlm.nih.gov/pubmed/37612359

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Participants and Study Design
	2.2. Data Collection and Diagnostic Criteria
	2.3. Preoperative Care and Surgical Procedure
	2.4. Follow-up and Outcome Assessment
	2.5. Statistical Analysis

	3. RESULTS
	3.1.Patient Demographics and Preoperative Characteristics
	3.2. Mortality

	4. DISCUSSION
	5. LIMITATIONS AND RECOMMENDATIONS
	6. CLINICAL IMPLICATIONS
	CONCLUSION
	AUTHORS’ CONTRIBUTIONS
	LIST OF ABBREVIATIONS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	STANDARDS OF REPORTING
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES


