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HEART TRANSPLANTATION

Strategies for Maximizing Heart and Lung Transplantation
Opportunities in Japan

N. Fukushima, M. Ono, T. Nakatani, M. Minami, S. Konaka, and J. Ashikari

ABSTRACT

Introduction. Because the donor shortage is extremely severe in Japan because of a strict
organ transplantation law, special strategies musi be established to maximize heart
transplantation (HTx) and lung transplantation (LTx) opportunities. The purpose of this
study was to review our strategies to identify and manage heart and lung donors.

Method. Transplantation doctors themselves assessed their own donor heart and lung function
before starting the procurement operation; skillful staff surgeons harvested the organs. Since
November 2002, a special transplantation consultant doctor assessed donor organ function to
identify useful organs and intensively cared for the donor to improve cardiac and lung function.

Results, Only 63 brain-dead donors have been available in Japan. However, 49 HTx |
(77.7%) and 39 LTx (19 bilateral and 20 single) were performed from 36 donors (57.1%). [
Thirty-six HTx donors were marginal, requring sustained high doses of inotropes (n = 26), |
low left ventricular ejection fraction (n = 5), cardiopulmonary resuscitation (n = 15), and

age older than 55 years (n = 6). Twenty LTx donors had infected sputa or showed

pneumonia using chest X-ray. None of 49 HTx recipients died of primary graft failure ‘
(PGF). Patient survival at 3 vears after HTx was 98.0%. Although 5/39 LTx died early,

including 2 of PGF, patient survival rate at 3 years was 66.9%. |
Conclusion. Although the number of cases was still small, the availability of hearts and

lungs has been high and the transplantation outcomes were acceptable. These sirategies

may be useful to maximize HTx/LTx opportunities.

EART transplantation (HTx) and lung transplanta-
tion (LTX) represent established procedures for end-

stage cardiac and respiratory failure patients resulting in
satisfying long-term results.! However, these surgical ther-
apies are continuously limited by a severe donor organ
shortage in past years. Therefore, adequate and optimal use
of all suitable donor organs is mandatory to increase graft

© 2009 by Elsevier Inc. All rights reserved.
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availability.” In Japan, the donor shortage has been ex-
tremely severe compared with other developed countries,
because of the strict Japanese Organ Transplantation Law
issued in 1997, which requires prior living, written consent
for organ donation after brain death. For example since the
law was issued only 63 brain-dead donors have been
procured in Japan.** The cardiac donation rate per million
population in Japan is only 0.08, whereas it is 7.3 in the
United States, 53 in Spain, and 0.97 in South Korea in
2007. In 2007 the mean waiting times for HTx or LTx were
extraordinarily long in Japan, namely, 1026 days and 1673
days, respectively. These great pressures of the organ
shortage and long waiting times have made Japanese trans-
plantation programs consider the use of hearts and lungs
that would be considered marginal. The most troublesome
issue facing transplantation is the phenomenon of primary
allograft failure (PGF). This complication is the leading
cause of death in the first 30 days and in the first year
posttransplantation in both organs over the world.' The use
of marginal donor organs may increase the rate of PGF.
From this point of view, it is necessary to establish a special
donor evaluation and management system 1o maximize
cardiac and lung donor use. The purpose of this study was
to review special Japanese strategies to identify and manage
heart and lung donors.

MATERIALS AND METHODS

All 63 brain-dead donors procured in Japan between October 1997
and December 2007 were retrospectively reviewed in this study.
They included 33 men with an age range from 18 to 72 years (mean,
42.5 years). The cause of brain death was cerebral stroke in 38 cases
including 36 subarachnoid hemorrhages; 13 head traumas includ-
ing 10 motor vehicle accidents; 11 asphyxia; and 1 other etiology.

Donor Evaluation and Management System

Since organ transplantation from brain-dead donors was started in
1999, every organ team has taken their own skillful physicians to
the procurement hospital to evaluate the condition of donor heart
and lungs by echocardiography and broncho-fiberscopy (BFS) in
the intensive care unit (ICU). Since November 2002, a transplan-
tation medical consultant doctor (MC) has been sent to the
procurement hospital to assess donor organ function and identily
useful organs. He also intensively cared for and stabilized donor
hemodynamics using anti-diuretic hormone (ADH) if required and
reduced intravenous catecholamines as much as possible to im-
prove cardiac and lung function as well as prevent treat lung
infections before the arrival of the harvest teams.

Marginal donor heart was defined as are with an history of
cardiopulmonary resuscitation longer than 5 minutes, left ventric-
ular ejection fraction (LVEF) <50% as defined by transthoracic
echocardiography, high inotrope requirement defined as a sus-
tained need for dopamine >10 ug/kg/min, or a subject older than
55 years.

A marginal donor lung was defined as coming from a subject with
infected sputa or with pneumonia by chest X-ray, hemodynamically
unstable, chest trauma, or older than 55 years.
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Preprocurement Meeting and Procurement Operation

Before starting the procurement operation, all surgeons, anesthe-
siologists, and nurses gathered in the meeting room to negotiate
the types of organs procured, how to obtain each one (eg
dissection/perfusion technique, incision lines, and blood drainage
technique), the needed samples (cg, blood, lymphnodes, and
spleen), and operative management. Because most Japanese ancs-
thesiologists have never had the management experience (rom
brain-dead donors, MC also helped them to stabilize the donor
hemodynamics duning the operation. The donor organs were
harvested by skillful staff not resident surgeon.

Even if the ratio of arterial oxygen tension to inspired oxygen
fraction (PaOZ/FiO2 ratio) was <300, a unilateral lung was trans-
planted when the PaO2/FIO2 ratio of the pulmonary venous blood
sumpled at the procurement operation was =400,

RESULTS

Among 63 brain-dead donors, 49 HTx (79.3%) and 39 LTx
(19 bilateral and 20 single) were performed from 37 donors
(58.7%).

HTx

Forty-nine HTx were performed in 7 centers in 34 men. The
age range of HTx recipients was 8 to 60 years (mean, 47.7
years). The underlying disease for HTx was dilated cardio-
myopathy (DCM; n = 36), dilated hypertrophic cardiom-
yopath (n = 4), ischemic cardiomyopathy (n = 3), second-
ary DCM (n = 5), and a complex cardiac anomaly (n = 1).
All patients underwent transplantation under status 1 he-
modynamic condition; 41 required left ventricular assist
support of mean duration of 731 days (range, 21-1446
days). The waiting period for HTx was 29 to 2254 days
(mean, 860 days).

Among 49 HTx, 36 donors were marginal, including 24
who had been treated with high doses of catecholamines.
The LVEF of 4 donors was <50%. Fifteen had a history of
cardiopulmonary resuscitation. Six were older than 55
years.

None of 49 HTx patient died of PGF despite 3 patients
requiring mechanical support (2 extracorporeal membrane
oxygenation [ECMO] and 1 intrasortic balloon pumping
[LABP]) and 2 patients requiring high-dose inotropic sup-
port. Two patients died of infections at 3 months and 4
years after HTx, respectively; neither experienced PGF.
Patient survivals rates at 1, 3, and 9 years after HTx were
98.0, 98.0, and 93.1%, respectively (Fig 1).

LTx

Thirty-nine LTx (19 bilateral and 20 single LTx) were
performed in 5 centers is 16 men. The age of the LTx
recipients was 19 to 58 years (mean, 38.7 years). The
underlying disease for LTx was lymphangioleiomyomatosis
(LAM; n = 14), primary pulmonary hypertension (n = 10),
idiopathic interstitial pneumonia (n = 35), bronchiolitis
obliterans (n = 3), Eisenmenger syndrome (ventricular
septal defect in 1 and patent ductus arteriosus in 1),
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emphysema (n = 2), and others (n = 3). The waiting period
for LTx was 22 to 2345 days (mean, 1056 days),

Among 36 lung donors, 24 donors were marginal: 20 had
infected sputa (with pneumonia shown by chest X-ray in 4)
and 4 were hemodynamically unstable. Three donors had
experienced chest trauma and 5 were older than 55 years.
The 5 recipients who died early after LTx included 2 who
died of PGF and 3 who died of technical reasons. Patient
survival rates at 1, 3, and 8 years after LTx were 76.7, 66.9,
and 63.1%, respectively.

DISCUSSION

For many years, HTx and LTx have represented established
procedures in end-stage heart and respiratory failure pa-
tients using the so-called “Traditional Criteria” for an
appropriate transplant donor. However, over the past two
decades, there has been a considerable increase in the num-
bers of patients listed for HTx and LTx. Strict adherence to
“standard donor criteria” have resulted in an undersupply of
available organs thereby significantly extending waiting times
and increasing waiting list mortality.**

As a consequence of the severe shortage of donor organs,
as many as possible marginal donor heart and lungs have
been used in many countries. However, only 2289 hearts
from 8091 deceased donors (25.7%) were transplanted in
the United States in 2007. As only 63 brain-dead donors
have been procured in Japan for more than 10 years
because of the strict Japanese Organ Transplantation Law,
only 16 HTx would have been transplanted, if the cardiac
donation rate from deceased donors had been same as in
the United States. The great pressures of the organ short-
age have made transplantation programs consider the use
of hearts and lungs that would be considered marginal.

Therefore, an original sophisticated donor evaluation and
management system has been established in Japan, includ- |
ing the MC and the preprocurement meeting.

It has been reported that a high serum adrenaline
concentration, as is usually observed after adrenaline ad-
ministration, reduces myocardial B-adrenergic receptor
density in brain-dead animals’ and patients,® thereby in-
creasing the risk of PGF after HTx. Therefore, the doses of
intravenous catecholamine should be reduced as much as
possible. Epinephrine has been recommended as the initial
therapy for hemodynamic support and the treatment of
diabetes insipidus by the American College of Cardio-
logy,”!'” due to its catecholamine-sparing effects."! Replace-
ment of vasopressin to treat diabetes insipidus is noncon-
troversial to maintain hemodynamic stability and prevent
electrolyte imbalance. A substantial number of brain-dead
donors will resolve their focal/regional wall motion abnor-
malities. Aggressive attempts at hemodynamic stabilization
using hormonal resuscitation have resulted in dramatic
improvement in the reversibility of cardiac function and in
cardiac yield,"

The ideal lung donor is one with Pa0,/FiO, ratio =300,
positive end expiratory pressure requirement no >5 cm
H40, clear chest X-ray, age younger than 55 years, smoking
history of no more than 20 packs/day, and absence of
trauma, surgery, aspiration, malignancy, and purulent se-
cretions. Pathological studies have indicated that broncho-
pneumonia, diffuse alveolar damage, and consolidation are
the most common reasons for rejecting lungs. Given these
findings, it is recommended that every lung donor undergo
bronchoscopy for therapeutic bronchial toileting, and to
isolate potential pathogens to guide antibiotic therapy in
both the donor and the recipient.”
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In conclusion, although the number of transplantations
was small, the availability of hearts and lungs has been
higher in Japan than other developed countries and the
outcomes of HTWLTx were acceptable. These strategies
may be useful to maximize HTx/LTx opportunities in other
countries.

REFERENCES

1. Taylor DO, Edwards LB. Boucek MM, et al: The Registry of
the International Society for Heart and Lung Transplantation:
Twenty-Fourth Official Adult Lung and Hean-Lung Transplant
Report-2007. J Hean Lung Transplant 26:769, 2007

2. Wittwer T, Wahlers T: Marginal donor grafts in heart trans-
plantation: lessons leamed from 235 years of experience. Transpl Int
21:113, 2008

3. Matsuda H, Fukushima N, Sawa Y, et al: First brain dead
donor heart transplantation under new legislation in Japan. Jpn
J Thorac Cardiovasc Surg 47:499, 1999

4, Fukushima N, Miyamoto Y, Ohtake S, et al: Early result of
heart transplantation in Japan: Osaka University experience. Asian
Cardiovasc Thorac Ann 12:154, 2004

FUKUSHIMA, ONO, NAKATANI ET AL

5. Bando T, Gate H, Minami M, et al: First registry report: lung
transplantation in Japan: The Japanese Society of Lung and
Heart-Lung Transplantation, Gen Thorac Cardiovasc Surg 56:17,
2008

6. Lima B, Rajagopal K, Petersen RP, et al: Marginal cardiac
allografts do not have increased primary graft dysfunction in
alternate list transplantation. Circulation 114(1 suppl):127, 2006

7. Sakagoshi N, Shirakura R, Nakano S: Serial changes in
myocardial beta-adrenergic receptor after experimental brain
death in dogs. J Heart Lung Transplant 11:1054, 1992

8. Fukushima N, Sakagoshi N, Ohtake S: Effiects of exogenous
adrenaline on the ber of the beta-ad gic receplors afier
brain death in humans. Transplant Proc 34:2571, 2002

9. Hunt SA, Baldwin J, Baumgartner W, et al: Cardiovascular
management of a potential heart dopor: a statement from the
Transplantation Committee of the American College of Cardiol-
ogy. Crit Care Med 24:15%9, 1996

10. Stah VR: Aggressive management of multiorgan donor.
Transplant Proc 40:1087, 2008

11, Yoshioka T, Sugimoto H, Uenishi M: Prolonged hemody-
namic maintenance by the combined administration of vasopressin
and epinephrine in brain death: a clinical study. Neurosurgery
18:565, 1986




