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The incidence of major valve-related complications was
evaluated in a series of patients in whom the Hancock
pericardial xenograft was used for aortic (AVR; n = 84),
mitral (MVR; n = 17) and mitral-aortic (MAVR; n = 13)
valve replacement. At 7 years actuarial survival is 66% =

8% after AVR, 64% =* 13% after MVR, and 41% * 15% .

after MAVR, whereas actuarial freedom from valve-
related death is 79% * 7% after AVR, 78% = 13% after
MVR, and 81% + 12% after MAVR. Acthuearial freedom
from thromboemboli and anticoagulant-related hemor-
rhage at 7 years is 93% = 4% and 98% * 2% after AVR
and 83% % 10% and 88% * 11% after MVR; no such
complications occurred after MAVR. Structural valve
deterioration determined at reoperation, at autopsy, or
by clinjcal investigation was observed in 34 patients with
AVR (10.0 * 0.2%/patient-year), in 10 with MVR (10.6 £
3.3%/patient-year}, and in 9 with MAVR (16.6 £ 5.5%/

Bioprostheses made of bovine pericardium, introduced
as an alternative to porcine valves in 1970 [1], have
shown an extremely high incidence of early mechanical
failures, responsible for their limited durability {2-6].

For editorial comment, see page 357,

These results, together with the observation that dysfunc-
tion of pericardial xenografts can occur suddenly {7, 8],
have suggested the need for a periodical follow-up of
recipients of such devices and possibly elective reopera-
tion in asymptomatic patients with clinical evidence of
valve failure [4]. Patients receiving a Hancock pericardial
xenograft (HPX) at our institution were therefore reeval-
uated mainly to assess the incidence of structural deteri-
oration and to establish the most proper method of
management of long-term survivors.

Material and Methods

A total of 97 HPXs were implanted in 84 patients during
the interval from August 1981 to July 1984, There were 48
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patient-year). After AVR, 19 patients underwent reoper-
ation and 2 died before reoperation; 4 patients with MVR
underwent recperation, and 7 patients with MAVR un-
derwent reoperation and 1 died before reoperation. Sev-
enty-eight percent of the current survivors (13 patients
with AVR, 7 with MVR, and 1 with MAVR) have clinical
evidence of valve failure. At 7 years actuarial freedom
from shructural deterioration of the Hancock pericardial
xenograft is 25% * 7% after AVR, 29% * 14% after M VR,
and 0% after MAVR, The extremely poor durability of
the Hancock pericardial xenograft, besides confirming
the need for a closer noninvasive monitoring of Hancock
pericardial xenograft recipients, justifies prophylactic
replacement of this device in asymptomatic patients with
clinical evidence of Hancock pericardial xenograft dys-

function.’
{Ann Thorac Surg 1991;51:430-7)

male and 36 female patients with a mean age of 55.7 = 13
years (range, 13 to 75 years). Aortic valve replacement
{AVR) was performed in 54 patients, mitral valve replace-
ment (MVR) in 17, and combined mitral and aortic valve
replacement (MAVR) in 13. The preoperative clinical
characteristics of this patient population and the indica-
tions for valve replacement, as well as previous opera-
tions and associated surgical procedures, are summarized
in Table 1.

Operative techniques and anticoagulant policy in HPX
recipients have been previously reported [4, 6]. Particu-
larly, patients with AVR were usually not anticoagulated
or received oral anticoagulants only for the first 3 months.
Patients with atrial fibrillation were indefinitely anticoag-
ulated after MVR and MAVR in the presence of a large left
atrium or left atrial thrombosis.

Patients discharged were reevaluated mostly by direct
visit during a 6-month period ending in December 1989,
All long-term survivors were scheduled for a two-
dimensional transthoracic echocardiographic study on a
biannual basis or whenever required by a change of
clinical status. Criteria to define and evaluate valve-
related complications are those recently recommended
[9]. Linearized rates, expressed as percent per patient year
(%e/pt-y), are calculated for any of such complications, and
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Table 1. Summary of Preoperative Clinical Characteristics

Variable AVR MVR MAVR
Ne. of patients 54 17 13
Male/female 33/21 5/12 10/3
Mean age (y) 55+13 53+12 58=x10
Age range (y) 13-73 22-70 38-75
Preoperative functional class
NYHA IT 1 A .
NYHA III 40 15 7
NYHA IV 13 2 6
Cause of valvar disease
Rheumatic 16 8 ]
Calcific degeneration 18 C
My=oid degeneration 7 3 4
Ischemic 1
Endocarditis 6
Congenital 1 B Ca
Prosthesis failure 6 5 3
Cardiac rhythm
Sinus 45 2 4
Chronic atrial fibrillation 9 15 9
Previous procedures
AVR 6 2 3
MVR 5 2
Mitral valvoplasty 3 3 1
Coartectomy 1
Assodiated procedures
MVR? 10
Mitral valvoplasty 2 ..
Tricuspid valvoplasty RPN 1 N
CABG 7 1 1

* With other bioprostheses (Hancock porcine in 8 and Liotta in 2).

AVR = aortc valve replacement;

CABG =

graft; MAVYR = mitral-acrtic valve replacement;

valve replacement;

NYHA = New York Heart Asscciation,

coronary artery bypass

= mitral

Table 2. Summary of Major Postoperative Complications
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freedom from major postoperative events is expressed in
actuarial fashion, including in all actuarial curves the
operative mortality. Continuous data are presented as
mean * 1 standard error of the mean and categorical data
as percent with the 70% confidence limits {CL).

Hancock pericardial xenografts explanted at reopera-
tion or recovered at autopsy were studied with gross,
microradiographic, histological, and ultrastructural inves-
tigations. Details of the results of a morphological study of
HPX explants have been reported elsewhere [10].

Results

Early and Late Mortality

There were eight hospital deaths: 4 patients died after
AVR (7.4%; 70% CL, 3.7% to 13.0%), 1 after MVR (5.8%;
70% CL, 0.7% to 18.6%), and 3 after MAVR (23%; 70% CL,
10.4% to 41.0%) (Table 2). The causes of death were the
following: low output state in 4 patients after AVR,
intraoperative cerebral damage in 1 patient after MVR,
postoperative hemorrhage in 2 patients after MAVR, and
low output syndrome in 1 patient after MAVR. None of
the early deaths was valve-related.

In the entire series total follow-up is 452 pt-y; cumula-
tive duration of follow-up is 304 pt-y after AVR {range, 0.4
to 8.3 years; mean, 5.9 % 1.6 years); 94 pt-y after MVR
(range, 0.6 to 8.3 years; mean, 5.8 + 2.1 years), and 54
pt-y after MAVR (range, 0.9 to 8.0 years; mean, 5.4 = 2.1
years). Follow-up is 100% complete in the entire series.

Of the 76 patients discharged 21 died in the late
postoperative period. There were 12 late deaths after AVR
(3.9 £ 1.1%/pt-y), 4 after MVR (4.2 * 2.1%/pt-y), and 5
after MAVR (9.2 + 4,1%/pt-y). The causes of late death are
shown in Table 3. Actuarial survival at 7 years is 66% %
8% after AVR, 64% =+ 13% after MVR, and 41% * 15%
after MAVR (Fig 1).

Currently, 27 patients are alive with their original HPX
in place: 18 with AVR, 8 with MVR, and 1 with MAVR; 13
are in functional class I, 9 in class II, and 5 in class [,

AVR MVR MAVR

Complication %/pty No. %/pt-y No. %/pt-y
Late death 12 3.9 =11 4 4.2 £ 2.1 5 9.2 4.1
Valve-related death B 2.6 * 0.1 2 21%15 2 3.7 £ 2.6
Thromboembolism 3 0.1 +0.1 3 32+18

Fatal 1 0.03 = 0,03 1 1.0+ 1.0
_Anticoagulant-related hemorrhage 2 0.6 204 1 1.0+ 1.0

Fatal 1 0.03 = 0.03 . Ve
Endocarditis 6 2.0=x07 1 1.0 £ 1.0
Paraprosthetic leak 1 0.03 = 0.03 ‘s . B
Reoperation 23 75 *1.6 4 42 x21 7 13.0 = 5.0
Structural deterioration® 34 10,0 = 0.2 10 10.6 = 3.3 9 16.6 = 5.5

? Determined at reoperation, autopsy, or clinical investigation.
AVR = aortic valve replacement;
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MVR = mitral valve replacement,
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Tabie 3. Causes of Late Death

Cause AVR MVR MAVR
Cardiac 2 1 2
Valve-related

Endocarditis 2 -

Structurai deterioration 2 . 1

Reoperation 2 e 1

Thromboembolism 1 i

Anticoagulant-related hemorrhages 1 .

Sudden, unexplained ce 1 .
Malignancy 1 1 1
Unknown 1

Total 12 4 5
AVR = aortic valve replacement; MAVR = mitral-aortic valve replace-

ment; MVR = mijtral valve replacement.

There were eight valve-related deaths in the AVR group
(2.6 = 0.1%/pt-y), because of endocarditis in 2 patients, at
reoperation for HPX structural deterioration in 2, because
of HPX structural deterjoration without reoperation in 2,
because of cerebral embolism in 1, and because of gastric
hemorrhage in 1. There were two valve-related deaths
after MVR (2.1 = 1.5%/pt-y), due to cerebral embolism in
1 and sudden, unexplained death in the other. Finally,
there were two valve-related deaths among patients with
MAVR (3.7 + 2.6%/pt-y): 1 patient died of iow output
syndrome at reoperation because of structural failure of
both HPXs and 1 died at home because of failure of both
HPXs proved at autopsy. Actuarial freedom from valve-
related deaths at 7 years is 79% + 7% after AVR, 80%
12% after MVR, and 81% =* 12% after MAVR (Fig 2).

Thromboembolic Complications

Thromboembolic complications occurred in 3 patients
with AVR (0.1 = 0.1%/pt-y). Of these 2, who were not
anticoagulated, had a cerebral embolism after 20 and 28
months, respectively, both of which resolved without
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Fig 1. Actuarial survival after isolated aortic (AVR), mitral (MVR),
and tritral-gortic (MAVR) valve replacement with the Hancock peri-
cardial xenoeraft.
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Fig 2. Actuarial freedon from valve-related death. (Abbreviations as
in Fig 1.)

sequelae; the third patient, who had also a porcine valve
in the mitral position and was anticoagulated, sustained a
fatal cerebral embolism after 22 months. Two patients had
embolic complications after MVR (3.2 + 1.8%/pt-y): 1 of
them, who was not anticoagutated, had a cerebral embo-
lism after 4 years with permanent hemiparesis and the
other, while still on anticoagulants, had two episodes of
peripheral embolism 14 months and 5 years after MVR;
the last one, causing acute occlusion of the aortic bifurca-
tion, required emergency embolectomy with subsequent
death due to acute renal failure. No thromboembolic
complications were observed in patients with MAVR.
Actuarial freedom from thromboemboli at 7 years is 93%
+ 4% after AVR, 83% * 10% after MVR, and 100% after
MAVR (Fig 3).

Anticoagulant-Related Hemorrhage

Major hemorrhagic complications were observed in 3
patients, 2 with AVR (0.6 = 0.4%/pt-y} and 1 with MVR
(1.0 £ 1.0%/pt-y). Two patients had gastric bleeding 1 and
2 months after AVR, and 1 of these patients died; both
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Fig 3. Actuarial freedom from thromboembolic complications. (Abbre-
viations as in Fig 1.}
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Fig 4, Actuarial freedom from hemorrhage related to chronic anticoag-
ulation. (Abbreviations as in Fig 1.)

patients were still on anticoagulants. One patient with
MVR had a nonfatal gastrointestinal hemorrhage after 6
years. Actuarial freedom from anticoagulant-related hem-
orrhages at 7 years is 98% = 2% after AVR, 88% = 11%
after MVR, and 100% after MAVR (Fig 4).

Endocarditis

Endocarditis involved 6 patients with AVR (2.0 * 0.7%/
pt-y) and 1 with MVR (1.0 = 1.0%/pt-y). Of the AVR
patients 3 underwent successful reoperation after 7, 29,
and 47 months, respectively; 2 died without reoperation
and 1 was apparently cured with medical treatment. Cne
patient with MVR underwent repperation successfully
after 24 months. Actuarial freedom from endocarditis at 7
years is 85% * 7% after AVR, 93% =+ 6% after MVR, and
100% after MAVR (Fig 5).

Paraprosthetic Leak

Paraprosthetic leak was observed only in 1 patient with
AVR (0.03 £ 0.03%/pt-y), who underwent successful HPX
replacement after 16 months. Actuarial freedom from this
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Fig 5. Actuarial freedom from prosthetic valve endocarditis. (Abbrevi-
ations as in Fig 1.)
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Fig 6. Actuarial freedom from paraprosthetic leak. (Abbreviations as
in Fig 1.}

complication at 7 years is 97% * 2% after AVR and 100%
after MVR and MAVR (Fig 6).

Reoperation

A total of 34 patients required reoperation during the
follow-up period. Reoperation was performed in 23 after
AVR (7.5 = 1.6%/pt-y), because of paraprosthetic leak in 1
and endocarditis in 3 without deaths, and because of
structural deterioration in 19 with 2 deaths (10.5%; 70%
CL, 3.5% to 23.2%); of the latter, 1 had emergency
reoperation because of acute onset of HPX regurgitation
and 1 died at his second reoperation. Four patients
underwent reoperation after MVR, 1 because of en-
docarditis and 3 because of structural deterioration with-
out deaths. Finally, 7 patients with MAVR underwent
reoperation because of structural deterioration of the
aortic (4 patients), mitral (1 patient), or both HPXs (2
patients) with one death {14.3%; 70% CL, 1.8% to 40.6%).
However, in all patients but 1 both HPXs were explanted,
replacing simultaneously also the one that appeared
grossly normal. Actuarial freedom from reoperation for all
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Fig 7. Actuarial freedom from reoperation due fo all causes. (Abbrevi-
ations as in Fig 1.)
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Lig 8, (a) Actuarial freedom from prosthesis structural deterioration
requiring reoperation or causing death. (b) Actuarial freedom from
structural deterioration determined at reoperation, autopsy, or clinical
investigation. (Abbreviations as in Fig 1.)

causes at 7 years is 50% =* 8% after AVR, 69% * 14% after
MVR, and 20% = 14% after MAVR (Fig 7).

Structural Deterioration

A total of 32 patients underwent reoperation or died
because of HPX structural deterioration, 21 after AVR (7.0
* 1.5%/pt-y}), 3 after MVR (3.1 = 1.8%/pt-y), and 8 after
MAVR (14.8 # 5.2%/pt-y). After AVR 19 patients under-
went reoperation and 2 died without reoperation after a
mean interval of 5.0 = 1.4 years (range, 2.9 to 7.7 years).
All patients with MVR underwent reoperation after a
mean interval of 4.2 + 0.9 years (range, 3.2 to 5.1 years).
After MAVR 7 patients underwent reoperation and 1 died
without reoperation after a mean interval of 4.6 = 1.3
years (range, 2.8 to 6.5 years).

In 21 (78%) of the current survivors, 13 with AVR, 7
with MVR, and 1 with MAVR, clinical and echocardio-
graphic signs of HPX dysfunction have been documented
at a mean of 5.8 = 1.5 years after operation (range, 1.8 to

* 7.9 years), with predominant incompetence in 87% and

stenosis in 13%. Including these patients the overall
linearized incidence of HPX structural deterioration is 10.0
+ 0.2%/pt-y after AVR, 10.6 * 3.3%/pt-y after MVR, and
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Fig 9. Actuarial freedom from valpe-related death and reoperation.
(Abbreviations as in Fig 1.)

16.6 = 5.5%/pt-y after MAVR. At 7 years, actuarial free-
dom from structural deterforation causing reoperation or
death is 49% + 8% after AVR, 69% * 13% after MVR, and
18% =+ 13% after MAVR (Fig Ba); actuarial freedom from
structural deterioration, determined by reoperation, au-
topsy, or clinical investigation, is 25% = 7% after AVR,
29% + 14% after MVR, and 0% after MAVR (Fig 8b).

Overall Valve Performance

Actuarial freedom from valve-related death and reopera-
tion at 7 years is 37% * 7% after AVR, 50% * 14% after
MVR, and 13% =+ 10% after MAVR (Fig 9). Actuarial
freedom from valve-related death and permanent disabil-
ity at 7 years is 73% = 7% after AVR, 74% = 13% after
MVR, and 61% + 13% after MAVR (Fig 10). Actuarial
freedom from valve-related death and morbidity at 7 years
is 14% + 6% after AVR, 7% % 7% after MVR, and 0% after
MAVR (Fig 11).

Morphology of Hancock Pericardial Xenograft Explants

The typical morphological substrates of HPX failure have
been described in detail previously [10]. Briefly, most of
the explants removed because of structural deterioration
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Fig 10. Actuarial freedom from valve-related death and permanent
disability. (Abbreviations as in Fig 1.)
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