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Aortic root replacement with cryopreserved homograft for
infective endocarditis in the modern North American
opioid epidemic
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ABSTRACT

Objective: To study mid-term survival in patients with infective endocarditis as a
result of IV drug use undergoing aortic root replacement with cryopreserved
aortic homograft.

Methods: Patients undergoing aortic root homograft replacement from 2011-
2017 were studied retrospectively. Aortic root replacement was performed using
a modified Bentall technique. Primary outcomes included both short-term and
mid-term survival. Secondary outcomes included immediate postoperative com-
plications.

Results: A total of 138 patients underwent cryopreserved homograft replacement
of the aortic root for aortic root abscesses. Eighty-five patients (61.6%) under-
went reoperative sternotomy, and 12 patients (8.7%) underwent second or third
reoperative sternotomy. Sixty-seven (48.5%) patients had severe aortic insuffi-
ciency preoperatively. Operative mortality was 12.3% (17 patients). Five patients
(3.6%) sustained a permanent stroke. Twenty-one patients (15.2%) required dial-
ysis for renal failure, and 21 patients (15.2%) had complete heart block necessi-
tating a permanent pacemaker. Estimated 5-year mortality for the cohort was
43%.

Conclusions: Cryopreserved homograft replacement is a safe and desirable op-
tion for high-risk patients with infective endocarditis and aortic root abscess. Ho-
mograft accommodation for a widely debrided aortic annular bed provides a
reasonable surgical strategy for patients needing aortic root replacement with
annular abscess. (J Thorac Cardiovasc Surg 2019;157:45-50)
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Computed tomography angiography in a 28-year-old

male with intravenous drug abuse with an aortic root

pseudoaneurysm.
Central Message

Cryopreserved homograft replacement is a safe

and desirable surgical option for high-risk pa-

tients with infective endocarditis and aortic

root abscess.
Perspective

Owing to the current worsening problem of

intravenous drug abuse in the United States,

an ever-increasing patient population chal-

lenges cardiothoracic surgeons with extensive

aortic root abscesses necessitating wide

debridement and root replacement. Use of an

aortic homograft may be a safe and reliable

method for replacing the infected aortic root

in this challenging cohort.
See Editorial Commentary page 51.
Infective endocarditis (IE) was first described by William
Osler in 1885. More than a century later, it continues to
be a complex illness, with an incidence ranging from 1.5
to 11.6 cases per 100,000 person-years, and even after the
best medical and surgical management, it carries an in-
hospital mortality of 20% to 25%.1,2 State-of-the-art man-
agement of IE is best performed by a multidisciplinary team
of surgeons, infectious disease specialists, cardiologists,
psychologists, nurses, and social workers.3,4

Invasive IE of the aortic valve with associated aortic root
abscess can be a surgical challenge, and reoperative mortal-
ity as high as 39% has been reported.5,6 Cryopreserved
valved homografts have numerous advantages, including a
favorable hemodynamic profile, low transvalvular
gradients, low risk of thromboembolic events without the
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Abbreviations and Acronyms
AVR ¼ Aortic valve replacement
COPD ¼ Chronic obstructive pulmonary disease
IE ¼ Infective endocarditis
IVDA ¼ Intravenous drug abuse
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need for systemic anticoagulation, a potentially reduced
risk of recurrent endocarditis, and, most importantly,
greater versatility and flexibility for reconstruction of the
aortic annulus and aortomitral continuity, allowing for
more aggressive wide debridement of invasive
infection—complete debridement being the sine qua non
of surgical treatment of invasive aortic valve
endocarditis. Given these advantages, cryopreserved
aortic homografts are the ideal choice for surgical
replacement of the aortic root in the setting of invasive
disease. Annular invasion, abscess, fistula, septal defect,
or prosthetic valve infection are the class I indications
for the use of a homograft.7-9

Intravenous drug abuse (IVDA) continues to be a major
public health crisis in the United States and is estimated to
involve 2.6% of the population. IVDA substantially in-
creases the risk of developing endocarditis to an incidence
of 150 to 2000 cases per 100,000 person-years, compared
with only 1.7 to 6.2 cases per 100,000 person-years in the
general population.10-12 The demographic for developing
endocarditis has also changed over the past decade, and
multiple studies now reveal the population to be
younger, whiter, and more female, with an increased
incidence of 40% to 110%.1,10,13-15 In light of this
national epidemic of IVDA-associated endocarditis and
the paucity of available published data, we reviewed insti-
tutional outcomes for patients with aortic root abscess who
underwent cryopreserved homograft replacement in the
current era. For a point of reference, one of the largest
and most-cited recent North American studies included
29 patients who underwent aortic root replacement with
a homograft for endocarditis, demonstrating acceptable
midterm survival.16
FIGURE 1. Survival curve of patients undergoing cryopreserved homo-

graft replacement for aortic root abscess.
METHODS
The study cohort comprised patients undergoing homograft aortic

root replacement for invasive aortic valve endocarditis due to IVDA at

the University of Pittsburgh Medical Center between 2011 and 2017.

Chart data from 138 patients were retrospectively extracted from a pro-

spectively maintained cardiac surgical database. The center’s Institu-

tional Review Board approved the use of the database and extraction

of data from it.

Cryopreserved valved homograft aortic root replacement was per-

formed after aggressive and wide debridement. The homografts were im-

planted with a running or interrupted suture line using running 3-0

polypropylene.17 After appropriate sizing and trimming of the homograft,

single interrupted 3-0 polypropylene sutures were placed circumferentially
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around the annulus, ensuring full-thickness bites of tissue. The use of

braided sutures, Teflon pledgets, and any other foreign materials was

avoided. Once sutures were passed through the homograft, the conduit

was seated and secured by tying the knots in place. Alternatively, the entire

conduit was sewn to the annulus with 3 separate running 2-0 polypropylene

sutures beginning at each commissure. Coronary arteries were reimplanted

in an orthotopic fashion.

Primary outcomes included both short-term and mid-term sur-

vival. Secondary outcomes included immediate postoperative compli-

cations. Descriptive statistics are presented as mean � standard

deviation for continuous parametric variables and as percentage (fre-

quency) for categorical variables. A Kaplan–Meier time-to-event plot

was used to draw survival curves and calculate 5-year survival rates

(Figure 1).
RESULTS
The study population consisted of predominantly male

patients with a median age of 57.5 years (range, 20-
85 years). Forty-one cases (29.7%) were first-time cardiac
surgeries, but the majority of the cases were reoperations
(85 first reoperations [61.6%] and 12 second or third reop-
erations [8.7%]). Comorbidities included diabetes
(29.7%), renal failure requiring dialysis (10.9%), hyper-
tension (63%), history of cerebrovascular accident
(21.7%), chronic obstructive pulmonary disease
(10.9%), peripheral vascular disease (23.9%), and heart
failure within 2 weeks of surgery (30.4%) (Table 1). All
patients (n ¼ 138) had aortic root abscesses, and nearly
one-half of the patients (48.5%) had associated severe
aortic regurgitation.

The operative 30-day mortality was 12.3% (n ¼ 17).
There was 1 intraoperative death. The mean cardiopulmo-
nary bypass time was 233 minutes (range, 42-622 minutes),
and the mean aortic cross-clamp time was 191 minutes
(range, 20-400 minutes) (Table 2). The mean postoperative
length of stay was 10 days (range, 0-127 days). Eleven pa-
tients (8%) required reexploration for postoperative
ry c January 2019



TABLE 1. Preoperative characteristics of patients with invasive

endocarditis undergoing cryopreserved homograft replacement

Characteristic Value

Number of patients 138

Male sex, n (%) 104 (75.4)

Age, y, median (range) 57.5 (20.0-85.0)

History of intravenous drug use, n (%) 138 (100)

Virgin sternotomy, n (%) 41 (29.7)

First reoperation sternotomy, n (%) 85 (61.6)

Second or more reoperation sternotomy, n (%) 12 (8.7)

Disorders, n (%)

Diabetes mellitus 41 (29.7)

Renal failure on dialysis 15 (10.9)

Hypertension 87 (63.0)

History of stroke 30 (21.7)

Chronic obstructive pulmonary disease 15 (10.9)

Peripheral vascular disease 33 (23.9)

Heart failure within 2 wk of surgery 42 (30.4)

Aortic root abscess 138 (100)

Severe aortic regurgitation 67 (48.5)

Preoperative sepsis 3 (2.2)

Preoperative pathogen, n (%)

Culture-negative 6 (4.3)

Staphylococcus aureus 20 (14.5)

Streptococcus species 20 (14.5)

Coagulase-negative Staphylococcus 6 (4.3)

Enterococcus species 14 (10.1)

Fungi 5 (3.6)

No culture data 68 (4.1)

TABLE 2. Intraoperative and postoperative variables for patients

with invasive endocarditis undergoing cryopreserved homograft

replacement

Variable Value

Number of patients 138

30-d mortality, n (%) 17 (12.3)

Cardiopulmonary bypass time, min, median (range) 233 (42.0-622)

Cross-clamp time, min, median (range) 191 (20-400)

Concomitant mitral surgery, n (%)

Repair 16 (11.5)

Replacement 7 (5.0)

Initial ICU stay, h, median (range) 79.0 (1.0-1227)

Reoperation bleeding, n (%) 11 (8.0)

Neurologic stroke, permanent, n (%) 5 (3.6)

New need for renal dialysis, n (%) 21 (15.2)

Pacemaker, n (%) 21 (15.2)

Deep sternal wound infection, n (%) 0 (0)

Postoperative length of stay, d, median (range) 10.0 (0.0-127)

ICU, Intensive care unit.
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bleeding. Five patients (3.6%) sustained a permanent
stroke. Twenty-one patients (15.2%) needed dialysis for
postoperative renal failure, and 21 (15.2%) had a perma-
nent pacemaker implanted remote from the index procedure
for complete heart block. No patient returned to the oper-
ating room for deep sternal wound infection. Chronic
obstructive pulmonary disease, hypertension, and previous
cerebrovascular accident were the strongest predictors of
long-term mortality on multivariate analysis (Table 3).
There were a total of 47 deaths (34.1%) with a mean
follow-up time of 2.4 years. Seventeen patients (12.3%)
died within 30 days; estimated 1-year mortality was
26.1% and estimated 5-year mortality was 43.0%.

DISCUSSION
Hospitalization for endocarditis has increased dramati-

cally in recent years, and according to records from a data-
base tracking hospital discharges in North Carolina, the
incidence of hospital discharges for drug-related endocardi-
tis has increased 12-fold (from 0.2 to 2.7 per 100,000
person-years) over a 6-year period. Over this corresponding
The Journal of Thoracic and C
time frame, there was an 18-fold increase in associated hos-
pital costs, from $1.1 million in 2010 to 22.2 million in
2015.18-20

Bearing in mind the increasing incidence of IVDA-
related IE with concomitant hospital cost increases, the
need for scrutiny of surgical practices, readmission for
recurrence rates, IVDA recidivism, and outcomes analyses
are critically important in efforts to contain this expanding
national health care problem. We contend that the use of
aortic homograft replacement for invasive aortic valve en-
docarditis allows for better debridement, durable recon-
struction of the outflow tract and aortomitral continuity,
a lower incidence of recurrence, and ultimately better
cost containment. Several studies have demonstrated the
cost-effectiveness of using cryopreserved aortic homo-
grafts as the primary surgical option for aortic endocardi-
tis.21-23 Efficacy is also impacted by homograft resource
availability, surgical proficiency with left ventricular
outflow tract reconstruction and homograft implantation,
and postoperative maintenance of patient IVDA
abstinence.
We recommend that all patients presenting with IVDA-

associated invasive IE undergo a multidisciplinary evalua-
tion that includes a ‘‘social/health care contract’’ that
outlines commitment to both physical and drug rehabilita-
tion. All patients who present with native invasive aortic
root abscess and have committed to postoperative rehabili-
tation are considered candidates for surgery unless demon-
strated otherwise. However, patients who have
demonstrated recidivism and present with recurrent
IVDA-associated IE are scrutinized by the
ardiovascular Surgery c Volume 157, Number 1 47



TABLE 3. Predictors of long-term mortality after the aortic root

procedure with a homograft on univariable analysis

Variable HR (95% CI) P value

Age 1.00 (0.97-1.01) .559

Male sex 1.28 (0.61-2.65) .507

Hypertension 1.33 (0.71-2.47) .366

Congestive heart failure 1.69 (0.92-3.09) .085

COPD 1.62 (0.71-3.68) .244

Previous stroke/TIA 0.68 (0.34-1.34) .261

Previous renal failure 1.39 (0.62-3.12) .421

Postoperative stroke/TIA 0.49 (0.06-3.59) .485

Reoperation for bleeding 1.55 (0.64-3.74) .326

Prolonged ventilation 2.18 (1.10-4.30) .024

HR, Hazard ratio; CI, confidence interval; COPD, chronic obstructive pulmonary dis-

ease; TIA, transient ischemic attack.
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multidisciplinary team, and reoperative intervention is em-
barked upon only in the presence of appropriate signs and
measures indicative of long-term success. The multidisci-
plinary approach is of paramount importance for patients
who have demonstrated recidivism. Specifically, specialists
in psychiatry, infectious disease, nursing, and rehabilitation
along with the surgical team meet with the patient and fam-
ily to explore the reasons behind recidivism and evaluate
whether the patient and family can make a commitment
to drug rehabilitation. Without an explicit commitment to
rehabilitation from patients with recent recidivism, reoper-
ative aortic root surgery might not provide a long-term
benefit.

There is a paucity of contemporary data available on the
use of homografts for IVDA-associated endocarditis. Musci
and colleagues24 reported their experience over a 21-year
period with 221 patients who underwent homograft aortic
root replacement for 122 cases of prosthetic valve endocar-
ditis and 99 cases of native valve endocarditis. Native valve
endocarditis survival following homograft placement was
83.3% at 30 days, 76.6% at 1 year, and 66.5% at 5 years.
Postoperative survival for prosthetic valve endocarditis
was significantly worse, at 74.6% at 30 days, 67.1% at
1 year, and 48.1% at 5 years. Thirty-one patients (14%)
required reoperation for either recurrent endocarditis or
structural valve degeneration. Not surprisingly, reoperation
occurred more frequently in patients under age 40 years. Sa-
bik and colleagues25 reported on a series of 103 homograft
root replacements for endocarditis between 1988 and 2000,
in which 78% of the patients had aortic root abscess. Hos-
pital mortality was low at 3.9%, and survival was 90% at
1 year, 86% at 2 years, 73% at 5 years, and 56% at 10 years.
Of note, unlike our series (all patients with aortic root ab-
scess), only 78% of the patients in that study had an aortic
root abscess. Preventza and colleagues16 reported 29 homo-
graft root replacements for IE with an operative mortality of
48 The Journal of Thoracic and Cardiovascular Surge
10.3%. During a median follow-up period of 2.5 years, sur-
vival was 65.7%. Similarly, in our series of high-risk,
mostly reoperative aortic root surgeries, late survival was
65.9%, with a mean follow-up of 2.4 years.

The role of aggressive debridement and root replacement
rather than simple aortic valve replacement (AVR) in cases
of invasive IE cannot be overstated. A recent meta-analysis
by Chen and colleagues26 identified a 50% reduction in the
risk of reoperation within 1 year for those patients who un-
derwent aortic root replacement compared with those who
underwent AVR. There are no large series comparing
long-term patch repair and aortic root replacement in this
scenario. Although the primary goal of surgery involving
IE is to have a safe outcome, equally important is to ensure
freedom from infection and reoperation in these patients.
Simple AVR or a patch repair of the sinus segment with
AVR in the setting of IE with a root abscess may not be suf-
ficient to eliminate risk of recurrent endocarditis. Many of
these patients are young and will require reoperations for
structural valve degeneration throughout life. An additional
operation in the short term for recurrence of infection/pros-
thetic valve endocarditis is likely to increase the risk of
morbidity and mortality in the short term and may poten-
tially affect recovery in rehabilitation. The reported inci-
dence of reinfection following aortic homograft
replacement is acceptably low, ranging from 0.0% to
6.8%.23,24,27-29 Perrotta and colleagues29 reported a signif-
icantly higher incidence of recurrent endocarditis following
the initial operation in patients treated with a prosthetic
valve compared with those treated with a homograft
(12.9% vs 0.0%).

Although historically relevant reports have previously
indicated enthusiasm for the homograft as the optimal
replacement option for aortic IE, recent studies do not
consistently embrace this perspective.30,31 For example, in
a 10-year series of 134 patients who underwent aortic root
replacement for active endocarditis, Jassar and colleagues30

found no significant differences in major complications or
in-hospital mortality when comparing mechanical compos-
ite graft, biological valved conduit, and homograft root
replacement. Notably, there were similar rates of reopera-
tion, reinfection, and readmission across the 3 groups.
The authors concluded that complete eradication of infected
tissue was more important than conduit choice in deter-
mining outcomes. However, that study did not take into ac-
count the distinct presence of aortic annular abscess, as in
our present series, for which a homograft may have distinct
advantages. To better accommodate the reconstruction
required after aggressive debridement of annulus and
outflow tract, aortic root homograft conduits include the
aortomitral continuity, anterior leaflet of the mitral valve,
and muscular component of the left ventricular outflow
tract. These additional tissues are available for use in recon-
struction en bloc with aortic root replacement when using a
ry c January 2019
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homograft. In addition, the redundant biological tissue at
the base of the conduit allows for the filling of dead space,
which prosthetic stented or stentless conduits cannot. The
flexibility of these homografts for accommodating the de-
brided bed domain compared with a rigid prosthesis allows
for a much more forgiving reconstruction—always to
normal, healthy tissue following wide debridement. It is
important to note that reoperative complex aortic root oper-
ations can be challenging in this setting, and a deep knowl-
edge of structures and pitfalls around the aortic root is
critical.32

Both homografts and stentless porcine aortic roots have
been shown to have a more favorable hemodynamic profile
that gives rise to lower aortic mean gradients, improved left
ventricular mass regression, and improved ejection frac-
tion.33,34 Many of the patients undergoing homograft
aortic root replacement for IE are young and will require
reoperation for valve calcification and/or degeneration.35-37

In older patients, valve-in-valve transcatheter AVR has
been attempted in patients with valved homografts with
reasonable success.38 Despite this apparent drawback of
valve degeneration, the benefit derived with respect to infec-
tion control andmitigation of IE-relatedmortality effectively
outweighs the long-term risk. Moreover, we demonstrate
that an estimated 43% of this high-risk population will not
survive beyond 5 years. Beyond assessing the risks of subse-
quent reintervention, prevention of IVDA recidivism be-
comes paramount to improving long-term survival.

This study is limited by the typical constraints of a retro-
spective study design. We did not propensity-match our pa-
tients, and thus there may be a component of the outcomes
confounded by preexisting comorbidities. We do not have
complete follow-up on the postoperative IVDA status of
our patients.

CONCLUSIONS
Cryopreserved homograft replacement is a safe and

desirable option for high-risk patients with invasive IE
and aortic root abscess. Homograft accommodation for a
widely debrided aortic annular bed has fundamental advan-
tages over other valve replacement options.
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