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Abstract
Background—The development of a ventricular septal defect(VSD) after myocardial
infarction(MI) is an uncommon but highly lethal complication. We examined the Society of
Thoracic Surgeons(STS) database to characterize patients undergoing surgical repair of post-MI
VSD and to identify risk factors for poor outcomes.

Methods—This was a retrospective review of the STS database to identify adult(≥18 years)
patients who underwent post-MI VSD repair between 1999–2010. Patients with congenital heart
disease were excluded. The primary outcome was operative mortality. The covariates in the
current STS model for predicted coronary artery bypass(CABG) operative mortality were
incorporated in a logistic regression model in this cohort.

Results—There were 2,876 patients included. Mean age was 68±11 years, and 1,624(56.5%)
were men. 215(7.5%) patients had prior CABG surgery, 950(33%) had prior percutaneous
intervention, and 1,869(65.0%) were supported preoperatively with an intra-aortic balloon pump.
Surgical status was urgent in 1,007(35.0%) and emergent in 1,430(49.7%). Concomitant CABG
was performed in 1,837(63.9%). Operative mortality was 54.1%(1,077/1,990) if repair was ≤7
days from MI, and 18.4%(158/856) if >7 days from MI. Multivariable analysis identified several
factors associated with increased odds of operative mortality.

Conclusions—In the largest study to date to examine post-MI VSD repair, ventricular septal
rupture remains a devastating complication. As alternative therapies emerge to treat this condition,
these results will serve as a benchmark for future comparisons.
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Introduction
The development of a post-myocardial infarction ventricular septal defect(VSD) is an
uncommon but frequently fatal complication, occurring in less than 1% of patients
sustaining myocardial infarction(MI) in the modern era of early reperfusion therapy.1 In
medically treated patients with this complication, mortality rates exceed 90%, while
mortality in patients undergoing surgical repair ranges between 19 and 60%.1–7 More
recently, percutaneous closure devices have permitted less invasive management of patients
with post-MI VSD.8–11

As alternative technologies evolve to treat this highly lethal condition, the establishment of a
benchmark for comparison is essential. Moreover, the identification of risk factors for poor
outcomes after traditional surgical repair may help identify which patients are most likely to
benefit from percutaneous intervention. The majority of previous studies on surgical
outcomes have been confined to single series retrospective reviews with relatively small
sample size.3–7 There is a single national registry report from Europe with 189 patients
treated over a seven-year span.2 Therefore, we used national registry data provided by the
Society of Thoracic Surgeons(STS) Adult Cardiac Surgery Database(ACSD) to examine
risk factors for poor outcomes after surgical repair of post-MI VSD.

Material and Methods
Data Source

The STS ACSD encompasses clinical and demographic data on more than 4.5 million
patients undergoing cardiac surgery at participating centers in North America since 1989.
The Duke Clinical Research Institute(DCRI) remains the center for biostatistical analysis for
all of the STS National Databases. The data used in analyses of the STS ACSD represent a
limited dataset originally collected for non-research purposes, without direct patient
identifiers, and therefore this study was considered exempt by the Duke University Health
System institutional review board. The Johns Hopkins University institutional review board
separately granted approval.

Patient Population
This study included all adult patients(≥18 years) who underwent surgical repair of a post-MI
VSD between 1999–2010. Eligible patients were identified by an affirmative response in the
STS data field for myocardial infarction. Patients who underwent concomitant coronary
revascularization procedures or combined valvular procedures were included, however
patients with congenital heart disease were excluded(n=65).

Outcomes
The primary outcome was operative mortality, defined as death from any cause either in-
hospital or within 30 days of the index operation. Additional complications included length
of stay, postoperative infection, respiratory failure, renal failure requiring renal replacement
therapy, and cerebrovascular accident(CVA).
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Study Design
Clinically relevant variables as well as previously reported predictors of 30-day post-CABG
operative mortality according to the STS database were included as candidate variables in
the full model of this analysis.12 These included demographic characteristics, medical co-
morbidities(hypertension, hypercholesterolemia, chronic lung disease, diabetes, CVA,
peripheral vascular disease, immunosuppressive treatment, renal function, left ventricular
ejection fraction, present smoker, valvular disease, or arrhythmia), medical acuity(angina,
timing of recent myocardial infarction(<6hr, 6–24hr, 1–7d, 8–21d, ≥21d), percutaneous
coronary intervention ≤6hr, pre-operative intra-aortic balloon pump(IABP), inotropes,
surgical status(emergent/salvage, urgent, elective), New York Heart Association(NYHA)
classification, left main disease, previous cardiovascular intervention and cardiogenic
shock), concomitant procedures, and year of surgery. Cardiogenic shock is defined as
hypoperfusion with either (1) systolic blood pressure <80 mmHg or cardiac index <1.8L/
min/m2 despite maximal treatment, or (2) intravenous inotropes and/or intra-aortic balloon
pump necessary to maintain systolic blood pressure >80 mmHg or cardiac index >1.8 L/min/
m2. Anatomic site of VSD rupture(posterior versus anterior) is not contained in the STS
ACSD, and this operative factor was not analyzed.

Statistical analysis
Summary statistics for outcomes and baseline patient characteristics are presented as
percentages for categorical variables and means with standard deviation(SD) for continuous
variables. The Pearson chi-square test was used to compare categorical variables, whereas
the Kruskal-Wallis test was used for continuous variables. SAS statistical software(version
9.1; SAS Institute, Cary, NC) was used for all calculations.

Missing data in the baseline characteristics were handled by multiple imputation under the
assumption of missing at random and using Gibbs sampling.13 Variables included in the
imputation models were operative mortality and the covariates in the full model (as
described previously). Ten complete imputed datasets were created. A proposed model was
then fitted to each of the completed datasets, and the ten sets of results were then combined.

Logistic regression modeling was used to estimate the risk of operative mortality as a
function of patient baseline variables. Covariates were selected from the full list of candidate
variables using a backward algorithm with a significance criterion of p=0.05 within each of
the ten imputed data sets. Variables that were selected in any of the ten data sets were
included in the reduced model. The year of surgery was forced into the reduced model to
adjust time trends. Discrimination of full and reduced models was assessed by C-index. The
enhanced bootstrap was used to estimate the bias(i.e. overestimated C-index) due to model
overfitting in the original sample.15 Risk-adjusted odds ratios(ORs) of covariates were
estimated. Robust sandwich variance estimates were used to obtain 95% confidence
intervals(CI) to account for statistical dependence of patients within sites.16

Results
Demographics

In the cohort overall, there were 2,876 patients, with an average age of 68±11 years. There
were 1,624(56.5%) men. Surgical status was listed as emergent in 1,430(49.7%), and
1,869(65.0%) were supported preoperatively with an IABP.

Concomitant coronary revascularization was performed in 1,837(63.9%). Mitral valve
procedures were performed simultaneously in 211(7.3%) patients, and intraoperative
ventricular assist device was required in 84(2.9%). One-third of the patients had undergone
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previous percutaneous coronary intervention(n=950,33.0%), and only 215(7.5%) had
previous CABG. Additional clinical characteristics are presented in Table 1. The number of
post-MI VSD operations performed annually remained relatively constant throughout the
study(Range:232–297 procedures/year)(Figures 1a–c).

Several clinical variables differed according to surgical status(Table 2). Patients undergoing
elective surgery were more likely to have a history of hypertension or CVA. Those patients
operated upon in an emergency or salvage setting had worse renal function, more likely to
smoke, and had greater acuity.

Outcomes
Overall operative mortality was 42.9%(n=1,235). There was a non-linear time trend with
respect to operative mortality over the course of the study(Figure 2). If repair was ≤7 days
from MI, operative mortality was 54.1%(1,077/1,990) compared with 18.4%(158/856) if >7
days from MI(Figure 3). The highest operative mortality rate was among patients whose
VSD repair was within 6 hours from MI. When examining operative mortality by surgical
status, 56(13.2%) patients undergoing elective surgery died, compared with 680(56.0%)
emergent status patients and 173(80.5%) salvage patients who died. The most common
cause of death was cardiac(n=947,76.7%), followed by pulmonary(n=43,3.5%),
neurologic(n=40,3.2%), infectious(n=36,2.9%), renal(n=23,1.9%), and other(n=80,6.5%)
complications.

A comparison of clinical characteristics between survivors and non-survivors is presented in
Table 3. Patients who died within 30 days tended to be older, female, had higher serum
creatinine, and markers of more severe clinical acuity. Patients who died were also less
likely to be on a pre-operative B-blocker or lipid -lowering agent, and were also less likely
to have hypertension, lung disease, or previous CABG. Longer cardiopulmonary bypass
time was associated with higher mortality(159±64 vs 196±82 minutes, p<0.001).

Median overall hospital length of stay was 8 days(IQR:4–17). A majority of
patients(n=2,204,76.6%) sustained major morbidity or mortality after surgical VSD
repair(Table 1), with the most common complication being postoperative
dialysis(n=343,11.9%).

Multivariable Analysis
The full multivariable logistic regression model was initially performed using the 29 factors
included in the model predicting operative mortality following CABG, as detailed in an
earlier STS report.12 A more parsimonious model was constructed, and this reduced model
included 14 exposure variables(figure 4) as well as surgical year. This simplified model
retained similar predictive power as the full model(corrected C-index=0.79 for both full and
reduced models).

The relationship between surgical year and operative mortality was non-linear. Only
exposure variables are included in the odds ratio plot shown in Figure 4, and thus surgical
year was not included. The factor with the highest magnitude of effect was preoperative
dialysis(OR 3.07,95% CI[1.66–5.69],p=<0.01). Age(per 10 years), female gender, shock,
pre-operative IABP, mitral insufficiency(moderate to severe), redo cardiac surgery, and
emergency status were also independently associated with greater odds of operative
mortality. When examining MI timing in relation to VSD repair, a longer time interval
between MI and surgical repair(>21 days) was also associated with lower odds of operative
mortality(p<0.01); there was a progressive increase in the odds of mortality with shorter
time intervals(<6hrs:OR6.18; 6–24hrs:OR5.53; 1–7d:OR4.59; 8–21d:OR 2.37, all p<0.01).
Histories of hypertension or CHF were associated with lower odds of operative mortality,
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whereas concomitant CABG was not associated with operative mortality(OR:0.87, 95%CI
0.70–1.08,p=0.2).

Comment
This study examined data provided by the STS ACSD to examine outcomes in over 2,800
patients with post-MI VSD who underwent surgical repair from 1999–2010. We observed a
high operative mortality rate of 42.9% in the cohort overall, representing the highest risk of
all cardiac procedures recorded in the STS ACSD. This high mortality rate is consistent with
the 47% operative mortality rate seen in the GUSTO trial of over 41,000 patients treated for
MI in the current thrombolytic era.1 Although earlier studies have reported a beneficial
effect of concomitant CABG when indicated, in this study simultaneous CABG did not
confer a protective effect.4, 6 An Italian study reported a decreasing incidence of ventricular
septal rupture due to the advent of early reperfusion therapy and improved medical
management of acute myocardial infarction.14 However, the absolute number of procedures
for surgical repair of post-MI VSD has remained relatively constant over the study period.
Furthermore, the advent of percutaneous treatment of VSD does not seem to have had an
impact on the use of surgery.

In an earlier study, David et al. reported excellent operative results from the Toronto
experience, with a surgical mortality rate of 19%.3 The authors describe technical aspects of
anterior and posterior VSD repair through use of an infarct exclusion technique, and
advocate early surgical repair prior to the development of cardiogenic shock. However,
information regarding the time interval from MI to surgery was not reported, as most
patients were referred for surgery from other hospitals.

Jeppsson et al. published a national registry series involving post-MI surgical VSD repair.2

This study included 189 patients operated on in ten different centers throughout Sweden
during a seven-year period, with a 41% 30-day mortality rate. This study is strengthened by
the inclusion of anatomic information regarding the location of septal rupture. The authors
observed that posterior septal rupture was independently associated with an increased risk of
operative mortality. While anatomic information regarding septal rupture and operative
details are lacking from the STS database, our study complements these earlier reports by
including a significantly larger sample size, and providing results from the North American
experience with post-MI VSD repair.

The results in our study have important implications as newer percutaneous approaches for
repair of VSD and valvular disease gain increasing traction within the cardiovascular
community.8, 9, 11, 15 An alternative approach to post-MI VSD described use of biventricular
mechanical support to temporize a patient until improved hemodynamics permitted
definitive repair.16 When patients in our study underwent repair on an emergency basis
operative mortality approached 60%, and perhaps direct circulatory support as a temporizing
maneuver should be employed in sicker patients. Additional evidence is needed to better
understand the cost-effectiveness of this approach, however. With ongoing advancements in
percutaneous technology and development of alternative approaches, it will be incumbent on
cardiovascular specialists to identify appropriate patients for surgical repair. The risk-
adjusted results provided by this study will enable clinicians to have an appreciation of risk
factors that increase the odds of operative mortality.

Patients who are hemodynamically stable without multiple organ failure perhaps could be
carefully monitored, and then undergo a lower risk elective procedure at a later time. The
advantages of delayed elective repair allow myocardial scar tissue formation and may
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facilitate the technical aspects of VSD repair. Or, in the case of a small VSD in a stable
patient, early percutaneous treatment is an alternative option.

When simultaneous surgical procedures are not indicated, patients with a constellation of
factors predisposing them to operative mortality such as cardiogenic shock, need for an
IABP, and renal dysfunction may be best suited for percutaneous repair. Currently, data on
percutaneous interventions for post-MI VSD repair are mainly limited to single center series
and case reports, and report 30-day mortality rates as high as 65%.8–11 Maltais et al.
compared 12 patients undergoing percutaneous repair with 39 patients who had surgical
repair of a post-MI VSD repair.10 While not reaching significance, percutaneous closure
patients tended to be older, and had smaller diameter ventricular defects. On multivariate
analysis examining risk for 30-day mortality, the repair approach was not associated with
increased risk for hospital mortality. Further studies are needed to validate the durability of
the percutaneous approach and to compare results with surgical repair.

The association between center volume and outcomes following a wide range of surgical
procedures is well-established.17, 18 However, it is difficult to account for center volume in
this analysis because among the 666 centers that performed VSD repair during the study
period, the average annual number of procedures ranged from 0.09 to 3.7. Because of small
case volume range, we elected not to include center volume in this analysis.

Limitations
Due to the retrospective study design, we are unable to certify that all potential confounders
have been examined. For example, there is no information in the database regarding the time
interval between MI and VSD diagnosis, or the interval between VSD recognition and
operative intervention. Furthermore, large registry databases such as the STS ACSD depend
heavily on accurate coding. Being the prototype of national surgical subspecialty databases,
the STS ACSD performs regular audits and internal data checking. We have assumed that
any residual coding errors are random, and are thus unlikely to render any bias.

To minimize the effects of missing data, clinically relevant variables with >10% missing
data were handled with multiple imputation. An alternative approach would be to omit
factors with a substantial percentage of missing data from the analysis entirely. On bivariate
analysis, ejection fraction and serum creatinine had nearly 10% missing data and these
variables were deemed clinically relevant enough to warrant imputation.

Lack of mortality data among patients who died while awaiting surgery is an added
limitation of this study. On univariate analysis, a shorter time interval between MI and
surgical repair was associated with higher operative mortality, and this finding persisted on
multivariable analysis. Other single center studies have observed the opposite finding.19

This time variable may introduce a double bias as more critically ill patients are likely dying
before surgery and not included; conversely, more stable patients can be delayed and
operated upon in a less urgent setting. Because of this inherent bias, these findings should be
interpreted with caution. However, patients with multiple risk factors for operative mortality
who are stable enough to delay immediate surgery may be better served waiting a period of
several weeks prior to surgical repair.

This study is further limited by the relatively short follow-up period, and thus these data do
not provide information on the durability of surgical closure of post-MI VSD. Furthermore,
30-day follow up from index hospitalization likely underestimates mortality and
complications. The recent linking of the STS ACSD with the Medicare database may
provide the opportunity for longer-term survival analysis in a future study.20
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Conclusion
In this analysis of post-MI VSD repair using the STS national database, ventricular septal
rupture remains a devastating complication after MI. As alternative therapies such as
percutaneous closure devices emerge to treat this condition, these results will serve as a
benchmark for future comparisons.
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ACSD Adult Cardiac Surgery Database
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CAD Coronary artery disease
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IABP Intra-aortic balloon pump

MI Myocardial infarction

NYHA New York Heart Association

OR Odds ratio

STS Society of Thoracic Surgeons

SD Standard deviation

VSD Ventricular septal defect

Discussion
4. Richard E. Clark Paper: Surgical Repair of Ventricular Septal Defect After
Myocardial Infarction — Outcomes From The Society of Thoracic Surgeons
National Database. Paper presented by George Arnaoutakis, MD, Baltimore, MD.
gja10@jhmi.edu

Discussion by Tirone E. David, MD, Canada tirone.david@uhn.on.ca

Dr. T. David (Toronto, ON, Canada):

I have no conflicts of interest to disclose.

Dr. Arnaoutakis and colleagues extracted from the Society of Thoracic Surgeons database
all patients with postinfarction ruptured septum during a 12-year interval, 1999 to 2010.
They identified 2,876 patients operated at 666 centers in the United States with an average
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of 0.09 to 3.7 patients per year per unit. Thus, very few of us operate on more than one
patient per year. Most of us see one patient like this every 4 years.

I believe that practice makes perfect. It is extremely difficult to become an expert in treating
this disease because of its relative rarity. It was not always like that. I treated at least one
patient a month with a ruptured septum when I started practicing 30 years ago. It was so
common that I was able to change the classical technique of infarctectomy and patches with
a stiff Dacron graft developed by Bill Daggett in Boston to a more conservative approach
whereby we simply opened the infarct and excluded the infarcted muscle and ruptured
septum by using a soft patch such as pericardium secured to the healthy endocardium around
the infarct. We named the technique "infarct exclusion" and we were able to dramatically
reduce at least my personal mortality, particularly in patients with posterior septal rupture,
who had the highest mortality 20–30 years ago.

Practice makes perfect. I reviewed our experience with postinfarction ruptured septum at
Toronto General Hospital from 1990 to 2010. Our database contained 42,801 patients, and
only 91 were operated on for postinfarction septal rupture. Coincidentally, our overall
operative mortality was also 40%. Nine surgeons performed these 91 operations. Two
surgeons performed 49 of them. The operative mortality of those two surgeons was just over
20%. The operative mortality among the other surgeons was in excess of 50%, and yet the
clinical profiles of our patients were similar.

You have identified that timing of surgery following the acute myocardial infarction is likely
the most important determinant of operative mortality. Operations performed under six
hours from the infarction had a mortality in excess of 60%. With such a high operation
mortality, isn't it time to stop and rethink? If we fail to save two-thirds of the patients who
need surgery so soon after the infarction (I assume they were very sick and that’s the reason
for emergency surgery) we should look for an alternative approach. And that’s my first
question to you. In this era of newer left ventricular assist devices, percutaneous devices
such as Impella, wouldn't be better to implant these devices and wait for a few weeks before
definitive surgery is done? My second question is a bit more complicated and comes from a
surgeon who has practiced in a more socialist health care system. Isn't it time to rethink
again who should be taking care of critically ill patients such as these? Is it more appropriate
to refer these patients to a regional center where more specialized service is available?

I would like to congratulate Dr. Arnaoutakis and his colleagues for an excellent presentation
and thank the Society for the privilege to discuss this paper.

4. Richard E. Clark Paper: Surgical Repair of Ventricular Septal Defect After
Myocardial Infarction — Outcomes From The Society of Thoracic Surgeons
National Database. Response by George Arnaoutakis, MD, Baltimore, MD.

DR. ARNAOUTAKIS: Thank you, Dr. David, for those very kind comments, and I must
add that it is a great honor to have you as the discussant for our paper. In preparing this
presentation and the manuscript, I reviewed your manuscripts from the '90s, which, as you
alluded to, have excellent operative mortality rates in high acuity patients, and I would also
add that the illustrations and the technical descriptions were very useful.

Regarding your points, center volume and surgeon volume has been a matter of great
interest to us in our research efforts, particularly related to thoracic transplantation, and we
certainly would agree with you that center volume and individual surgeon volume are very
important. That has been shown in a wide variety of surgical procedures. Because of that,
we specifically in working with the statisticians when putting together this analysis went to
look at center volume, but because, as you alluded, the volume ranges between .1 to 3.9
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procedures performed at a given center, we determined that the number of procedures was
too low to be meaningful, although we certainly appreciate the importance of center volume.

Regarding the timing, certainly looking at the univariate and the multivariate relationships
there is a significant association, and that is adjusting for the other confounders. But what is
left out by a retrospective study, unfortunately, is the number of patients who died while
waiting. And so even though the graph shows the progressive improvement in mortality
when you have a more spaced out time interval from the MI in relation to the VSD repair,
there is a caveat in that there is the bias of not knowing how many patients died while
waiting. Currently, many authors in past studies, including your paper, advocate early repair
before the development of hemodynamic compromise and shock, and, currently, the
American College of Cardiology recommendations are earlier or immediate repair in
patients who developed post-MI VSD.

I think in the absence of a prospective study, even given these data presented today, I
wouldn't advocate withholding early therapy. But what I would caution is that instead of
advocating early surgical repair that we maybe shift to a paradigm of early intervention, as
you alluded, either with percutaneous closure devices or there are some reports in the
literature of placing biventricular support devices to temporize a patient so that their
hemodynamics may recover. Percutaneous closure devices may, while not necessarily
affecting pump failure, improve the pulmonary overcirculation, allow the pulmonary
hemodynamics to improve, also allowing time for the myocardium to fibrose, and enhancing
the chances of a good outcome with surgery. So I still think that in the absence of
prospective data, early intervention in these patients is warranted, but, as you suggest, we
may want to shift our focus in appropriate patients. In a patient who comes in without any
evidence of shock and need for dialysis who would otherwise be a low-risk candidate, I
think that probably surgical intervention may still be warranted. But someone who comes in
with dialysis and a balloon pump and is elderly may be better served with a percutaneous or
an alternative approach initially followed by definitive surgical repair if they don't achieve a
satisfactory result with whatever initial approach.

Regarding referral, certainly regionalization is important with procedures that are complex
and that have high associated morbidity and mortality. I do appreciate your point about
referral to tertiary centers in patients who present with post-MI VSDs, with the caution that
some patients may be too unstable to be transferred. I know in your series many of the
patients were transferred from other centers to yours, but you do comment that some patients
died before being able to be transferred. It is a difficult question in a center where there are
appropriate services available. It may be better off that that patient undergo early surgery,
especially if they have not developed signs of shock, instead of waiting for transfer when a
few days may elapse and then they develop shock and their risk for surgery goes up. So it is
a very difficult question. I don't think our data can definitively answer it, but I certainly
think it is worth discussion.

4. Richard E. Clark Paper: Surgical Repair of Ventricular Septal Defect After
Myocardial Infarction — Outcomes From The Society of Thoracic Surgeons
National Database. Paper presented by George Arnaoutakis, MD, Baltimore, MD.
gja10@jhmi.edu

Discussion by Ernesto Jimenez, MD, Florida ernesto.jimenez@va.gov

Dr. E. Jimenez (Tampa, FL):

My question is, did you look at the residual VSD leak rate and is the mortality associated
with a good repair or if the repair fails and you still have a leak, does that increase mortality?
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And is there a difference in terms of leak rate if you operate early versus late? Presumably
there is, but I was wondering what the data shows.

4. Richard E. Clark Paper: Surgical Repair of Ventricular Septal Defect After
Myocardial Infarction — Outcomes From The Society of Thoracic Surgeons
National Database. Response by George Arnaoutakis, MD, Baltimore, MD.

DR. ARNAOUTAKIS: Thank you for your important question. Unfortunately, as we heard
a little earlier with respect to mitral valve operations, echocardiographic follow-up
information in the database is lacking, and so we weren't able to assess whether the leak
affected mortality in this study. Although I would advocate that echocardiographic
information in other studies has been important and should be a possible consideration for
future iterations of the STS database.

DR. JIMENEZ: I guess 40% of the patients were emergent operations, but only 8% had
balloon pumps?

DR. ARNAOUTAKIS: Sixty-five percent of patients had balloon pumps placed
preoperatively. In addition to that 65%, another 8% had balloon pumps placed
intraoperatively. So presumably the overwhelming majority listed as emergent or salvage
had balloon pumps in place prior to going to the operating room, and then the additional 8%
required balloon pump placement in the operating room as well as an additional 3% who
went on to require a VAD.

4. Richard E. Clark Paper: Surgical Repair of Ventricular Septal Defect After
Myocardial Infarction — Outcomes From The Society of Thoracic Surgeons
National Database. Paper presented by George Arnaoutakis, MD, Baltimore, MD.
gja10@jhmi.edu

Discussion by Daniel H. Drake, MD, Michigan tcbulldog@charter.net Dr. D. Drake
(Traverse City, MI):

I congratulate you on your presentation. It was excellent. For all of the attendees who
haven't tried Dr. David's infarct exclusion procedure, it is elegant and saves clamp time. I
strongly encourage you to become familiar with the technique.

Dr. Arnaoutakis, at your institution, what is the preferred procedure?

4. Richard E. Clark Paper: Surgical Repair of Ventricular Septal Defect After
Myocardial Infarction — Outcomes From The Society of Thoracic Surgeons
National Database. Response by George Arnaoutakis, MD, Baltimore, MD.

DR. ARNAOUTAKIS: Thank you for that question. I would like to add one point with
respect to the infarct exclusion technique. When you compare the national cardiopulmonary
bypass and aortic cross-clamp times in our study compared with Dr. David's, the
cardiopulmonary bypass times are much less suggesting that the infarct exclusion technique
does save time.

At our institution, we prefer the infarct exclusion technique as well. In the case of a severely
extensive necrotic LV wall, we sometimes will put a patch to reconstruct the LV wall
simultaneously as a double-patch technique. But where the LV wall has sufficient
myocardium to allow for closure, then we prefer the infarct exclusion technique exactly as
Dr. David described.

DR. DRAKE: One final point. Dr. David, your procedures are known to evolve. Have you
down anything new or exciting with the infarct exclusion or do you still anchor it to the
mitral valve and extend from there?
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DR. DAVID: We do.

DR. DRAKE: And do you use CorMatrix now as the procedure?

DR. DAVID: Yes.

4. Richard E. Clark Paper: Surgical Repair of Ventricular Septal Defect After
Myocardial Infarction — Outcomes From The Society of Thoracic Surgeons
National Database. Paper presented by George Arnaoutakis, MD, Baltimore, MD.
gja10@jhmi.edu

Discussion by William L. Holman, MD, Alabama wholman@uab.edu

Dr. W. Holman (Birmingham, AL):

The question I had stems from the surprise of only 3% of the patients being on something
other than a balloon pump with regard to mechanical support. Do you have any idea of the
outcome of those patients versus the other, and do you know if the use of the total artificial
heart would be captured in the database, because that is one of the relative indications for the
use of that device?

4. Richard E. Clark Paper: Surgical Repair of Ventricular Septal Defect After
Myocardial Infarction — Outcomes From The Society of Thoracic Surgeons
National Database. Response by George Arnaoutakis, MD, Baltimore, MD.

DR. ARNAOUTAKIS: In addition to VAD, there was 65% preoperatively and then another
8% who required a balloon pump.

DR. HOLMAN: No. Those were balloon pumps. What about VADs?

DR. ARNAOUTAKIS: In the database it's 3% that's listed as VAD, which we were a little
surprised as well. I would caution that there were a fair number of patients with the field
coded as "missing" for ventricular assist device and we are left unsure whether that signified
a yes or no, but presumably it was a no.

With respect to univariate testing, VAD did not predict mortality, but, as I said, there is the
caution that there were a fair number of patients "missing." Also, presumably, total artificial
heart would be included in the ventricular assist device category, because, to my knowledge,
there is not a separate code for total artificial heart in the STS database.
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Figure 1.
a: Number of post-MI VSD surgical procedures by year. Data for 2010 only included first
quarter data harvest.
b: Post-MI VSD surgical procedures performed as percentage of total cardiac operations
reported to the STS database by year.
c: Post-MI VSD surgical procedures performed as percentage of total isolated CABG
procedures reported to the STS database by year.
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Figure 2.
Operative mortality for each year of the study.
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Figure 3.
Operative mortality according to timing of MI in relation to VSD repair. P<0.01 by
univariate analysis.
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Figure 4.
Odds ratio plot of variables included in the reduced risk-adjusted logistic regression model
for operative mortality. Year of surgery controlled for in the regression model. Diamonds
represent actual odds ratio values and gray bars denote 95%CI. C-index for the reduced
model was 0.79.
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Table 1

Clinical Characteristics of the Cohort Overall

Variable N=2,876

   Demographics

Age, years(SD) 68(±11)

Male gender, n(%) 1,624(56.5%)

Caucasian race, n(%) 2,504(87.1%)

Body mass index,(SD) 27.8(±5.3)

   Co-morbidities

Hypertension, n(%) 1,887(65.6%)

Insulin dependent diabetes, n(%) 252(8.8%)

Smoking history, n(%) 722(25.1%)

Chronic lung disease, n(%) 499(17.4%)

Serum creatinine, mg/ml(SD) 1.5(±0.9)

Dialysis, n(%) 77(2.7%)

Cerebrovascular accident, n(%) 269(9.4%)

Previous cardiac surgery, n(%) 347(12.1%)

Prior percutaneous intervention, n(%) 950(33.0%)

   Acuity

Preoperative IABP, n(%) 1,869(65.0%)

Cardiogenic shock, n(%) 1,487(51.7%)

Unstable angina, n(%) 1,391(48.4%)

Triple vessel CAD, n(%) 966(33.6%)

Ejection fraction, %(SD) 43.1(14.1)

   Operative Characteristics

Emergent/salvage, n(%) 1,430(49.7%)

Median CPB time, minutes(SD) 163(125–213)

Median aortic cross clamp time, minutes(SD) 109(80–147)

Intraoperative IABP, n(%) 230(8.0%)

Concomitant CABG, n(%) 1,837(63.9%)

Concomitant mitral valve procedure, n(%) 211(7.3%)

Intraoperative VAD placement, n(%) 84(2.9%)

   Postoperative Outcomes

Median length of stay, days(IQR) 8(4–17)

CVA, n(%) 104(3.6%)

Renal replacement therapy, n(%) 343(11.9%)

Pneumonia, n(%) 371(12.9%)

Heart block, n(%) 114(4.0%)

Re-exploration for bleeding, n(%) 224(7.8%)
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Table 3

Comparison of Clinical Characteristics Among Between Survivors and Non-Survivors

Variable Survivors
(N=1,641)

Non-Survivors
(N=1,235)

P-value*

   Demographics

Age, years(SD) 66(±11) 71(±10) <0.01

Male gender, n(%) 1,006(61.3%) 618(50.0%) <0.01

Caucasian race, n(%) 1,430(87.1%) 1,074(87.0%) 0.5

Body mass index >28, n(%) 722(44.0%) 502(40.7%) 0.07

   Co-morbidities

Hypertension, n(%) 1,109(67.6%) 778(63.0%) 0.02

Insulin dependent diabetes, n(%) 151(9.2%) 101(8.2%) 0.8

Smoking history, n(%) 448(27.3%) 274(22.2%) <0.01

Chronic lung disease, n(%) 319(19.4%) 180(14.6%) <0.01

Serum creatinine, mg/ml(SD) 1.4(±0.9) 1.6(±0.9) <0.01

Dialysis, n(%) 40(2.4%) 37(3.0%) 0.3

Cerebrovascular accident, n(%) 154(9.4%) 115(9.3%) 0.9

Previous CABG, n(%) 137(8.4%) 78(6.4%) 0.04

Prior percutaneous intervention, n(%) 542(33.0%) 408(33.0%) 0.9

Pre-operative B-blocker, n(%) 913(55.6%) 540(43.7%) <0.01

Pre-operative lipid-lowering agent, n(%) 461(28.1%) 228(18.5%) <0.01

   Acuity

Preoperative IABP, n(%) 876(53.4%) 993(80.4%) <0.01

Cardiogenic shock, n(%) 609(37.1%) 878(71.1%) <0.01

NYHA class IV, n(%) 617(61.5%) 554(79.1%) <0.01

Triple vessel CAD, n(%) 968(60.0%) 804(65.1%) <0.01

Ejection fraction, %(SD) 43.7(±13.8) 41.9(±14.5) <0.01

   Operative Characteristics

Elective status, n(%) 369(22.5%) 56(4.5%) <0.01

Urgent status, n(%) 693(42.2%) 314(25.4%) <0.01

Emergent status, n(%) 535(32.6%) 680(55.1%) <0.01

Salvage status, n(%) 42(2.6%) 173(14.0%) <0.01

Median CPB time, minutes(IQR) 150(116–194) 182(139–237) <0.01

Median aortic cross clamp time, minutes(IQR) 103(75–140) 117(86–158) <0.01

Intraoperative IABP, n(%) 125(7.6%) 105(8.5%) <0.01

*
Pearson chi-square tests for categorical variables and Kruskal-Wallis nonparametric test for continuous variables.
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