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ABSTRACT

Objective: There are limited data on the outcome of routine cardiac operations in
patients with cardiac amyloidosis. This study studied the impact of amyloidosis on
early and late results of cardiac operations.

Methods: This was a retrospective, propensity-matched, case-control study of pa-
tients with cardiac amyloidosis undergoing cardiac surgery. Heart transplantation
and ventricular assist implantation were excluded. Controls were patients without
known cardiac amyloidosis matched on baseline patient characteristics, echocar-
diographic findings, and type of operation. Outcomes included operative complica-
tions and survival.

Results: In total, 42 patients with cardiac amyloidosis (amyloid group [AG]) were
matched with 168 controls (CON group). The median left ventricular ejection frac-
tion was 63% in the AG group (vs 64% CON). Aortic valve replacement and septal
myectomy were the most common operations. Cardiopulmonary bypass (P¼ .374)
and crossclamp (P ¼ .185) times were similar in the 2 groups. Complication rates
were similar in the 2 groups, including the need for mechanical circulatory support
(n ¼ 1 AG group vs n ¼ 1 CON; P ¼ .361) and intra-aortic balloon pump use (n ¼ 3
AG group vs n¼ 13 CON; P¼ 1.000). There were no operative deaths. Survival was
similar in the 2 groups at 1 year (AG 93% vs 89% CON; P¼ .1) but was worse in the
AG at 5 years (59% vs 68% CON; P ¼ .1).

Conclusions: Early procedural outcomes and 1-year survival are similar in patients
with and without cardiac amyloidosis with preserved cardiac function. Diagnosis of
amyloidosis should not be a contraindication to cardiac surgery. (JTCVS Open
2024;22:235-43)
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Early survival post-cardiac surgery is comparable between patients with
Amyloidosis and unaffected patients.

P = .1

5 876
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Early survival postcardiac surgery is similar among
patients with and without amyloidosis.
O

CENTRAL MESSAGE

Early outcomes of routine car-
diac surgery in patients with
cardiac amyloidosis are favor-
able, especially in cases with
preserved cardiac function.
PERSPECTIVE
There is limited clinical experience with routine
cardiac operations in patients with cardiac
amyloidosis. This study has the potential to influ-
ence present clinical practice, where just a diag-
nosis of amyloidosis prohibits many surgeons
from performing cardiac surgery fearing high
morbidity and mortality.
Cardiac amyloidosis represents a rare pathologic condi-
tion, and its precise prevalence remains challenging
to ascertain. It is characterized by the deposition of
amyloid fibrils within the extracellular matrix surrounding
myocardial cells, culminating in a restrictive variant of
cardiomyopathy. Its principal etiologies are transthyretin
amyloidosis (ATTR), chiefly originating from hepatic
synthesis and associated with thyroxine transport, and
misfolded monoclonal immunoglobulin light chain
amyloidosis (AL), stemming from aberrant clonal prolifer-
ation of plasma cells.1,2 The 1- and 3-year survival rates
are usually poor, approximately 70% and 60%,
respectively.3

Traditionally, the conventional wisdom is that inter-
vening surgically in patients afflicted with cardiac
amyloidosis is linked to heightened perioperative
morbidity and mortality rates.4-6 Some research
examining coincidental discoveries of amyloidosis in
patients undergoing surgery has hinted at an alternative
perspective that its prognosis may not be as worse as
previously thought.7,8 Nevertheless, comprehensive data
about the outcomes of routine cardiac procedures conduct-
ed in individuals with cardiac amyloidosis remain scarce.
The present study assesses the effect of amyloidosis on
both short-term and long-term outcomes in patients under-
going routine cardiac operations.
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Abbreviations and Acronyms
AG ¼ amyloid group
AL ¼ light chain amyloidosis
ATTR ¼ transthyretin amyloidosis
CON ¼ control
ICU ¼ intensive care unit
IQR ¼ interquartile range
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PATIENTS AND METHODS
This study received approval from the institutional review board at the

Mayo Clinic (application #22-011427, date December 20, 2022). We re-

viewed the records of 51,282 patients who underwent cardiac surgery at

our Clinic from January 1, 1998, to December 31, 2022. From that group

of patients, we identified 99 (0.2%) patients with cardiac amyloid deposits.

Patients undergoing heart transplantation (n ¼ 51) and left ventricular

assist device implantation (n ¼ 6) were excluded from the study cohort.

Data were sourced from the Mayo Clinic electronic health record and

our surgical database. All patients authorized the use of clinical data for

research, and informed consent was waived. For comparison, a control

(CON) group of patients without cardiac amyloidosis who underwent

similar cardiac operations was also included in the study. Heart transplan-

tation and left ventricular assist device implantation were also excluded

from the CON group. The CON group was pulled from our Society of

Thoracic Surgeons database, and 1:4 propensity score matching was per-

formed to account for baseline differences between the 2 groups (demo-

graphics, comorbidities, year, and type of operation as mentioned in

Table 1).

The histopathologic confirmation of amyloidosis was accomplished

through the application of a Congo Red amyloid stain. The categorization

of amyloid subtypes was achieved using liquid chromatography-tandem

mass spectrometry–based proteomic analysis on peptides extracted from

the Congo Red–positive, microdissected areas of the paraffin-embedded

specimens.

The case (amyloid group [AG]) and CON groups were propensity

matched on baseline characteristics, echocardiography findings, and type

of operation (Table E1). The propensity scores were derived from a multi-

variable logistic regression using potential confounders. Nearest-neighbor

matching was used, and the caliper width used for matching was the stan-

dard deviation of the scores multiplied by 0.2. The AG and CON groups

were compared on intraoperative and postoperative course, complications,

and survival.

Categorical variables are reported as number (percentage), and contin-

uous variables are reported as median (range or 25th through 75th inter-

quartile range [IQR]). Comparisons between groups were made using the

Kruskal-Wallis test, c2 test, or Fisher exact test, as appropriate. For the pri-

mary outcome, unadjusted survival curves were constructed using the

Kaplan-Meier estimator. All statistical analyses were done using RStudio,

Version 4.1.3 (RStudio; PBC).
RESULTS
There were 42 patients identified with amyloidosis (AG

group) who had an operation in the last 25 years. They
were matched with 168 controls (CON group). The median
patient age in the AG group was 76 years (IQR, 71-81), and
88% of themwere male. All 42 patients were ofWhite race.
The median Society of Thoracic Surgeons Predicted Risk
Of Mortality for cases was 2.6% (IQR, 1.5%-4.6%) versus
3.2% (IQR, 1.6%-6.6%) in controls (P ¼ .422). Both
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groups were well matched on additional baseline demo-
graphics and comorbidities (Table 1).

Type of amyloidosis was not ascertained in 4 patients. Of
the remaining 38 patients, 30 (79%) had ATTR (transthyr-
etin), 6 (16%) had AL (immunoglobulin light chain), and 2
(5.2%) had the atrial natriuretic factor amyloidosis subtype
of amyloidosis. There were 11 cases (26%) diagnosed pre-
operatively, of which 5 (46%) were ATTR and 6 (55%)
were AL subtype. These patients had myocardial biopsies
done in outpatient clinic and referred to our department
for various cardiac operations. The remaining 31 cases
(74%) were diagnosed postoperatively on surgical tissue
histopathology. Most of them were ATTR subtype
(n ¼ 25, 81%), and 2 had the atrial natriuretic factor
amyloidosis subtype of amyloid deposition in tissue. Over-
all, 33 cases (78.6%) were diagnosed from myocardial tis-
sue, 6 (14.3%) from left atrial appendage, 1 (2.3%)
tricuspid valve leaflets, and 2 (4.6%) aortic valve leaflet
tissue.

The baseline echocardiography in AG cases demon-
strated a median ejection fraction of 63% (IQR, 55.2%-
66.8%). Median diastolic dysfunction was grade 2 (IQR,
1-2.5), and median left ventricle mass index was 131.5 g/
m2 (IQR, 97.8-157.2 g/m2). Median diastolic dysfunction
and left ventricular mass index were not available for the
CON group cases.

In the amyloid case group, 60% (n ¼ 25) of the patients
had coronary artery disease, 26% (n¼ 11) had hypertrophic
obstructive cardiomyopathy, 19% (n¼ 8) had mitral steno-
sis, 45% (n ¼ 19) had moderate-to-severe mitral regurgita-
tion, 50% (n ¼ 21) had aortic stenosis, 7.2% had severe
aortic regurgitation, and 31% (n ¼ 13) had severe tricuspid
regurgitation. All of the patients underwent elective surgery.
Two patients had redo cardiac surgery, one patient had un-
dergone previous mitral valve repair, and the other patient
had previous mitral and tricuspid valve repair. There were
8 patients (19%) who had previous percutaneous coronary
intervention, 6 had pacemakers (14%), and 2 (5%) had
AICD devices implanted previously. Among the cardiac
procedures performed, aortic valve replacement was most
common (45%, n ¼ 19), followed by septal myectomy
(38%, n¼ 16). Other operations were mitral valve replace-
ment (19%, n ¼ 8), mitral valve repair (14%, n ¼ 6), and
tricuspid valve repair in 16% (n ¼ 7) patients.

The median skin incision time in the AG group was
231minutes (IQR, 175.0-333.0minutes) versus 237minutes
(IQR, 158.0-307.0 minutes) in the control group. Cardio-
pulmonary bypass was used in 95% (n ¼ 40) of the AG
group and 89% (n¼ 149) of the control group. The median
cardiopulmonary bypass time was 86 minutes for the AG
group and 79.5 minutes for the control group. The differ-
ence was not significant (P¼ .235). The median crossclamp
time was 62.5 minutes for the AG group and 53.0 minutes
for the control group (P ¼ .063).



TABLE 1. Patient characteristics, diagnosis and operations performed

Characteristics Cases (AG) (n ¼ 42) Controls (CON) (n ¼ 168) P value

Demographics

Age, y (median Q1, Q3) 75.7 (70.7, 80.6) 77.6 (69.7, 82.6) .488*

Male, n (%) 37 (88) 146 (87) 1.000y
Female, n (%) 5 (12) 22 (13)

BMI, kg/m2, median (Q1, Q3) 29.1 (27.4, 30.8) 28.3 (24.7, 31.9) .539*

Race—White, n (%) 42 (100) 168 (100)

STS Predicted Risk Of

Mortality, %, median (Q1,

Q3)

2.6 (1.5, 4.6) 4.1 (2.2, 7.9) .105y

Comorbidities, n (%)

Diabetes mellitus 7 (17%) 34 (20%) .670*

Peripheral vascular disease 8 (19%) 33 (20%) 1.000*

Hypertension 35 (83%) 146 (87%) .617*

Chronic renal failure 5 (12%) 15 (8.9%) .560*

Cerebrovascular disease 13 (31%) 55 (33%) 1.000*

Cardiac characteristics, n (%)

NYHA I 4 (9.5%) 10 (7%) .444*

II 11 (26%) 29 (20%)

III 21 (50%) 90 (63%)

IV 6 (14%) 14 (9.8%)

Previous myocardial infarction,

n (%)

7 (17%) 28 (17%) 1.000*

Congestive cardiac failure

within 2 wk, n (%)

6 (14%) 40 (24%) .215*

Cardiogenic shock at time of

surgery, n (%)

0 (0%) 0 (0%)

Atrial arrhythmias, n (%) 14 (33%) 57 (34%) 1.000*

LV ejection fraction, median

(Q1, Q3)

62.5 (55.2, 66.8) 63.0 (55.0, 69.0) .766*

LV diastolic dysfunction,

median (Q1, Q3)

2.0 (1.0, 2.5) N/A

LV mass index, median (Q1,

Q3)

131.5 (97.8, 157.2) N/A

Diagnosis, n (%)

Coronary artery disease 25 (60%) 115 (69%) .278*

Hypertrophic obstructive

cardiomyopathy

11 (26%) 53 (31%) .577*

Severe mitral stenosis 8 (19%) 20 (12%) .215*

Severe mitral regurgitation 10 (24%) 49 (29%) .828*

Severe aortic stenosis 21 (50%) 90 (54%) .731*

Severe aortic regurgitation 1 (2.4%) 6 (3.8%) .259z
Severe tricuspid stenosis 0 (0%) 0 (0%)

Severe tricuspid regurgitation 7 (17%) 34 (20%) .406*

Previous cardiac surgery 2 (4.8%) 26 (16%) .078*

Previous PCI 8 (19%) 35 (21%) 1.000*

Previous pacemaker 6 (14%) 14 (8.3%) .246*

Operation, n (%)

Coronary artery bypass

grafting

14 (33%) 62 (37%) .722*

Aortic valve replacement 19 (45%) 81 (48%) .863*

Mitral valve replacement 8 (19%) 33 (20%) 1.000*

Mitral valve repair 6 (14%) 23 (14%) 1.000*

Tricuspid valve repair 7 (17%) 36 (21%) .669*

(Continued)
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TABLE 1. Continued

Characteristics Cases (AG) (n ¼ 42) Controls (CON) (n ¼ 168) P value

Septal myectomy 16 (38%) 63 (38%) 1.000*

Skin incision time, min, median

(Q1, Q3)

231.0 (175.0, 333.0) 232.0 (153.0, 321.0) .496y

Cardiopulmonary bypass time,

min, median (Q1, Q3)

86.0 (55.0, 125.5) 81.5 (36.2, 127.5) .374y

Crossclamp time, min, median

(Q1, Q3)

62.5 (40.0, 99.8) 55.0 (28.8, 93.0) .185y

AG, Amyloid group; CON, control; BMI, body mass index, STS, Society of Thoracic Surgeons; NYHA, New York Heart Association; LV, left ventricular; N/A, not available; PCI,

percutaneous coronary intervention. *Pearson c2 test. yKruskal-Wallis rank sum test. zFisher exact test.

Adult: Coronary Chauhan et al
In the AG group, 1 patient who underwent coronary ar-
tery bypass grafting required extracorporeal membrane
oxygenation support because of low cardiac output (vs
0.6% in CON group, P ¼ .361), and 3 patients (7.1%)
needed intra-aortic balloon pump therapy (vs 7.7% in
CON group, P ¼ 1.000). Median length of intensive care
unit (ICU) stay for the AG group was 31.0 hours (IQR,
22.4-65.7 hours) and 27.7 hours (IQR, 21.0-60.5 hours)
for the CON group (P¼ .579). The median length of hospi-
tal stay was 7 days for the AG group and 6 days for the CON
group (P ¼ .100). Amongst the AG group, the 30-day
TABLE 2. Postoperative course and complications of the patients

Variables Cases (AG) (n ¼ 42)

Postoperative course

Length of ICU stay, h, median

(Q1, Q3)

31.0 (22.4, 65.7)

Length of hospital stay, d,

median (Q1, Q3)

7.0 (6.0, 9.8)

Readmission within 30 d of

surgery

2 (4.9%)

Operative mortality 0 (0.0%)

30-d mortality 0 (0.0%)

Complications

Atrial fibrillation 17 (41%)

Significant cardiac event

(cardiac arrest, low

cardiac output,

cardiogenic shock)

4 (9.5%)

ECMO 1 (2.4%)

IABP 3 (7.1%)

Wound infection 1 (2.4%)

Sepsis 0 (0.0%)

Stroke 1 (2.4%)

Renal failure 2 (4.8%)

Dialysis 2 (4.8%)

Pneumonia 3 (7.1%)

Prolonged ventilation 5 (12%)

Multiorgan failure 0 (0.0%)

AG, Amyloid group; CON, control; ICU, intensive care unit; ECMO, extracorporeal mem

yPearson c2 test. zFisher exact test.
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readmission rate was 4.9% (n ¼ 2) and 10.3% (n ¼ 15)
in the CON group (P¼ .371). There was no operative death
or 30-day mortality in the AG group (vs 5.4% CON group,
P ¼ .209).

Among complications, 17 patients (41%) of the AG
group had atrial fibrillation in the postoperative period (vs
30% CON, P ¼ .268), and 4 (10%) had significant cardiac
events (cardiac arrest, low cardiac output, cardiogenic
shock) (vs 5.4% CON, P ¼ .298). One patient (2.4%)
had a stroke, 2 (4.8%) had renal failure requiring dialysis,
and 5 (11.9%) required prolonged ventilation. A single
Controls (CON) (n ¼ 168) P value

27.7 (21.0, 60.5) .579*

6.0 (4.5, 10.0) .100*

15 (10.3%) .371y

10 (6.0%) .218z
9 (5.4%) .209z

51 (30%) .268y
9 (5.4%) .298z

1 (0.6%) .361z
13 (7.7%) 1.000y
1 (0.6%) .361z
5 (3.0%) .585z
1 (0.6%) .361z
10 (6.0%) 1.000y
8 (4.8%) 1.000z
9 (5.4%) .710y
26 (16%) .639y
3 (2.5%) .569z

brane oxygenation; IABP, intra-aortic balloon pump. *Kruskal-Wallis rank sum test.
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patient developed sternal wound infection with sternal
dehiscence. A permanent pacemaker was implanted in 3 pa-
tients (7.1%) of the AG group for heart block. No patient
had a reoperation in the AG group on follow-up. The distri-
bution and frequency of complications were similar in the 2
groups (Table 2).

The median follow-up period was 5.8 years (IQR, 2.9-
10.1), and it was complete. The 1-year survival for AG
group was 93% and CON was 89% (P ¼ .1); however,
the survival for the AG group fell to 59% at 5 years
compared with the control group at 68% (P ¼ .1)
(Figure 1). The survival for preoperatively diagnosed cases
of cardiac amyloidosis was 91% at 1 year and 49% at
5 years. And for cases discovered incidentally by histopa-
thology, survival was 94% at 1 year and 62% at 5 years
(P ¼ .17) (Figure 2). The survival for ATTR type amyloid-
osis was 90% at 1 year and 60% at 5 years. AL subtype had
similar survivals, 100% at 1 year and 56% at 5 years.
(P ¼ .65) (Figure 3).

DISCUSSION
In this study, we report our experience with 42 patients

diagnosed with amyloidosis who received cardiac operation
at Mayo Clinic over the past 25 years. The demographic
profile of the cases primarily comprised White male pa-
tients in their seventies. All these patients underwent
routine cardiac operations, most commonly aortic valve
replacement and septal myectomy. The cardiac function
in the case group was well preserved, as indicated by a me-
dian ejection fraction of 62%. When compared with a
matched control group without amyloidosis, there was no
difference in rates of complications, length of ICU, or
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FIGURE 1. Kaplan-Meier survival curve for matched patients undergoing card

cohort of patients with amyloidosis (AG, cases). 95% confidence interval is sh
hospital stay. There was no 30-day mortality in our amyloid
case cohort. Examining survival outcomes, we observed a
comparable 1-year survival between the AG and CON
groups. However, a more noticeable difference emerged at
5 years, with patients having amyloidosis exhibiting a
poorer survival rate (59% vs 68% in the CON group).
We postulate that the progression of amyloidosis disease
burden could explain the decrease in survival of these pa-
tients at 5 years and beyond.
Although no statistical difference between the total inci-

sion time and duration of cardiopulmonary bypass between
the case and control group was detected in our study, we did
observe longer cardiopulmonary bypass time in procedures
of patients with amyloidosis. No specific reason could be
identified; however, we note that the heart is usually hyper-
trophic in cases with amyloid deposition, as suggested by
the high median left ventricle mass index in our case group.
This might contribute to difficulty in positioning and expo-
sure of the enlarged heart, leading to a longer bypass time.
Also, the length of hospital and ICU stay was marginally
longer in patients with amyloidosis. This trend could be
attributed to the greater percentage of adverse cardiac
events (low cardiac output, cardiac arrest, cardiogenic
shock, need for extracorporeal membrane oxygenation sup-
port) noted after surgery in this group, although this differ-
ence was not found to be significant in our study.
There is considerable variability in the reported outcomes

of aortic valve replacement in patients with amyloidosis.
Although some studies and case reports demonstrate posi-
tive results with comparable outcomes,5-7 others report
greater mortality and low cardiac output in these
patients.9,10 Our study includes some of the patients with
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amyloidosis previously studied by Java and colleagues7 at
our institution for results of surgical and transcatheter aortic
valve replacement. That study concluded there was a low
risk of operative morbidity and mortality in patients with
amyloidosis undergoing aortic valve replacement. Another
study showed similar good outcomes on experience with
septal myectomy in incidentally discovered amyloidosis
from our department.8 Experience with mitral valve surgery
in such populations is limited. A study done by Xu and col-
leagues11 found the prevalence of incidental amyloidosis in
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mitral valve surgery to be 0.2%, with no operativemortality
and good outcomes. However, some case reports of valve
replacement do report death attributable to low cardiac
output.6,12 These patients had hypertrophied myocardium,
suggesting extensive myocardial involvement by amyloid-
osis. Low cardiac output after coronary bypass has also
been reported in patients with amyloidosis.13,14

There is an overall limited amount of literature related to
experiencewith routine surgeries in these patients, and what
is available is often limited to case reports and small case
e in years
3 4 5

e in years

20 16 11
5 3 2
1 1 1

3 4 5

NF AL ATTR

of amyloidosis undergoing cardiac surgery. AANF, Atrial natriuretic factor

, 95% confidence interval is shown.
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series. Smith and colleagues15 reviewed the results of non-
transplant surgery in cardiac amyloidosis. They concluded
that these patients have increased incidences of peri- and
postoperative complications, especially low cardiac output,
leading to significant mortality. The reason for this has been
postulated as secondary to restrictive physiology and dia-
stolic dysfunction associated with the amyloid deposition
in the myocardium. However, in our study, we identified
no association, and the short-term results were good, with
no 30-day mortality.

The prognosis of individuals with amyloidosis can be
significantly influenced by the specific subtype of amyloid
identified in operative specimens. Amyloid infiltration in
patients with ATTR (senile) amyloidosis is often restricted
to the heart, and patients with this subtype have survived
longer. In contrast, patients with AL amyloidosis typically
have systemic involvement and, thus, have much worse sur-
vival.1,8,16 In our study, 5-year survival was worse (40%)
for patients who were preoperatively diagnosed, the major-
ity with AL type of amyloidosis, and they might have more
generalized and aggressive disease. In contrast, survival
was better in patients with incidentally discovered amyloid,
as most of them were senile ATTR subtype, which has a
more benign course.

Cardiac amyloidosis exhibits a range of variability in
involvement and presentation, which poses challenges in
decision-making regarding surgical intervention. The out-
comes of these patients depend on various factors like the
degree of myocardial and systemic involvement of the am-
yloid, type of amyloid, and cardiac function. Also, the inci-
dental discovery of mild amyloidosis after surgery should
not be worrisome and usually carries a good prognosis.
All these factors should be considered before planning
routine cardiac surgery in patients with or suspected to
have amyloidosis.

The medical treatment of amyloid continues to advance,
with several medications recently receiving approval for the
treatment of amyloid cardiomyopathy. Notably, the use of
tafamidis has shown significant benefits, including
improved survival at 18 months, enhanced performance in
the 6-minute walk test, and sustained improvements in qual-
ity of life over 5 years of treatment when compared with a
placebo.17,18 In addition to tafamidis, there are now gene si-
lencers available that intervene earlier in the cascade, effec-
tively preventing the formation of TTR amyloid.19 With
encouraging results, we anticipate that there will be a surge
in the number of patients seeking these therapies in the
future. This heightened interest is poised to translate into
improved postsurgery survival rates for patients undergoing
treatment.

Specific limitations constrain the study, one of the most
significant being the relatively modest size of our patient
cohort. This renders our study vulnerable to type 2 statisti-
cal error. Cardiac amyloidosis manifests with varying
degrees of cardiac involvement, and accurately predicting
the extent of involvement through conventional tissue bi-
opsy methods remains elusive. Also, being a chronic dis-
ease, its effects on heart would certainly be present
preoperatively, even though the diagnosis was not known
at that stage. Because of these reasons, the outcomes of
these patients tend to exhibit significant variability and
pose challenges for prediction and generalization. There-
fore, it seems imperative to study larger patient cohorts un-
dergoing cardiac surgery, particularly those with rarer
subtypes of amyloidosis.
CONCLUSIONS
Early outcomes in patients with cardiac amyloidosis un-

dergoing routine cardiac surgery are favorable, with 1-year
survival comparable with unaffected patients. Notably, the
subtype of amyloid may also influence overall prognosis.
It is also important to emphasize that the diagnosis of
amyloidosis should not serve as an absolute contraindica-
tion to cardiac surgery, especially in patients with preserved
cardiac function. Although primary amyloidosis may carry
an increased risk of low cardiac output early postopera-
tively, and even though the 5-year survival tends to fall
below expected, offering surgery to these patients with
amyloidosis will provide them with symptom relief from
various pathologies without adding unnecessary operative
risk.
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TABLE E1. Prematching and postmatching data of case and control group with SMD values

Characteristics Case Control SMD

Prematching

n 42 26,463

Age, y, mean (SD) 75.09 (8.51) 68.25 (13.22) 0.614

Gender—female 5 (11.9) 9523 (36.0) 0.588

Race—White 42 (100.0) 25,253 (95.4) 0.310

BMI, mean (SD) 29.17 (4.98) 29.93 (6.21) 0.136

Diabetes 7 (16.7) 7106 (26.9) 0.249

Chronic renal failure 5 (11.9) 1091 (4.1) 0.290

Hypertension 35 (83.3) 19,825 (74.9) 0.208

Peripheral vascular disease 8 (19.0) 4091 (15.5) 0.095

Cerebrovascular disease 13 (31.0) 4423 (16.7) 0.339

CABG 14 (33.3) 12,581 (47.5) 0.293

Aortic valve replacement 19 (45.2) 12,467 (47.1) 0.038

Mitral valve replacement 8 (19.0) 2931 (11.1) 0.224

Mitral valve repair 6 (14.3) 1761 (6.7) 0.251

Tricuspid valve repair 7 (16.7) 1250 (4.7) 0.394

Myectomy 16 (38.1) 4196 (15.9) 0.518

Year of surgery, mean (SD) 2015.14 (6.08) 2010.78 (6.74) 0.680

Postmatching

n 42 168

Age, mean (SD) 75.09 (8.51) 75.92 (9.27) 0.094

Gender—female 5 (11.9) 22 (13.1) 0.036

Race—White 42 (100.0) 168 (100.0) <0.001

BMI, mean (SD) 29.17 (4.98) 28.98 (5.82) 0.035

Diabetes 7 (16.7) 34 (20.2) 0.092

Renal failure 5 (11.9) 15 (8.9) 0.098

Hypertension 35 (83.3) 146 (86.9) 0.100

Peripheral vascular disease 8 (19.0) 33 (19.6) 0.015

Cerebrovascular disease 13 (31.0) 55 (32.7) 0.038

CABG 14 (33.3) 62 (36.9) 0.075

Aortic valve replacement 19 (45.2) 81 (48.2) 0.060

Mitral valve replacement 8 (19.0) 33 (19.6) 0.015

Mitral valve repair 6 (14.3) 23 (13.7) 0.017

Tricuspid valve repair 7 (16.7) 36 (21.4) 0.121

Myectomy 16 (38.1) 63 (37.5) 0.012

Year of surgery, mean (SD) 2015.14 (6.08) 2015.24 (6.31) 0.015

SMD, Standardized mean difference; SD, standard deviation; BMI, body mass index; CABG, coronary artery bypass grafting.
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