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LUND UNIVERSITY
• One of Europe’s leading universities

• Education and research within; engineering, 
science, law, social sciences, economics and 
management, medicine, humanities, 
theology, fine art, music and theatre

• 47 000 students and 6 300 staff from all 
over the world

• 680 partner universities in more than 50 
countries 

SKÅNE UNIVERSITY 
HOSPITAL

• Third largest of Sweden's seven university 
hospitals

• 12 500 employees

• The department of Cardiothoracic 
Surgery 

• 1 400 open heart surgery cases

• 55 thoracic transplantations

• It is one of the two hospital which are allowed to 
perform heart and lung transplantation in Sweden. The 
other hospital is Sahlgrenska in Gothenburg.



Opererade individer per 100 000 invånare 2013
Figur 5. Länsfördelning all hjärtkirurgi
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Opererade individer per 100 000 invånare 2013
Figur 6. Länsfördelning all hjärtkirurgi
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Figure 6. Number of operated patients per 100 000 inhabitants across Swedish counties, 2013.

Figure 7. Number of operated patients according to gender per 100 000 inhabitants across 
Swedish counties, 2013.

Figure 5. Procedures per centre, 2013.
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Figur 4. Antal operationer per enhet  2013
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Hjärtpreservation 24 timmar

http://www.med.lu.se/klinvetlund/thoraxkirurgi/forskargruppsledare/stig_steen/hjaerttransplantationsforskning

Professor Stig Sten

For personal use only. Reproduce with permission from The Lancet Publishing Group.
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Summary

Background In animals, we have previously done
successful lung transplantations using organs from non-
heart-beating donors. We have also developed an ex-vivo
system of assessing the function of such organs before
transplantation. The next stage was to try the technique in
human beings. Bearing in mind the sensitive ethical issues
involved, our first aim was to find out what procedures
would be acceptable, and to use the results to guide a
clinical lung transplantation from a non-heart-beating
donor.

Methods The ethical acceptability of the study was gauged
from the results of a broad information programme directed
at the general public in Sweden, and from discussions with
professionals including doctors, nurses, hospital
chaplains, and judges. The donor was a patient dying of
acute myocardial infarction in a cardiac intensive-care unit
after failed cardiopulmonary resuscitation. The next of kin
gave permission to cool the lungs within the intact body,
and intrapleural cooling was started 65 min after death.
Blood samples were sent for virological testing and cross
matching. The next of kin then had time to be alone with
the deceased. After 3 h, the body was transported to the
operating theatre and the heart-lung block removed. The
lungs were assessed ex vivo, and the body was transported
to the pathology department for necropsy.

Results No contraindications to transplantation were
found, and the right lung was transplanted successfully
into a 54-year-old woman with chronic obstructive
pulmonary disease. The donor lung showed excellent
function only 5 min after reperfusion and ventilation, and
during the first 5 months of follow-up, the function of the
transplanted lung has been good.

Interpretation About half the deaths in Sweden are caused
by cardiac and cerebrovascular disease. This group could
be a potential source of lung donors. When all hospitals
and ambulance personnel in Sweden have received training
in non-heart-beating lung donation, we hope that there will
be enough donor lungs of good quality for all patients
needing a lung transplant.

Lancet 2001; 357: 825–29
See Commentary page 819

Heart-Lung Division, University Hospital of Lund, S-22185 Lund,
Sweden (Prof S Steen MD, T Sjöberg PhD, L Pierre BSc, Q Liao MD,
L Eriksson MD, L Algotsson MD)

Correspondence to: Prof Stig Steen 
(e-mail: stig.steen@thorax.lu.se)

Introduction
The possibility of transplanting lungs from fresh non-
heart-beating cadavers (eg, patients who have had a
witnessed cardiac arrest due to ischaemic heart disease)
has been the subject of much discussion.1 Experimental
studies have shown that the lungs and their vascular
function can be safely preserved for up to 24 h;2,3 that
the gas-exchange system of the lungs can tolerate 1 h of
warm ischaemia after circulatory arrest without
significant loss of its functional capacity;4–5 and that the
pulmonary artery can withstand warm ischaemia for 3 h
after death without impairment of endothelium-
dependent relaxation or vascular smooth-muscle
function.6 Furthermore, simple topical cooling of non-
ventilated lungs gives excellent preservation for 
12–24 h.7

We have previously transplanted animal lungs from
non-heart-beating donors in simulated clinical situations
in which the lungs were first topically cooled in the non-
heart-beating cadaver after failed resuscitation.8–10

However, if lungs from patients dying of acute
myocardial infarction are to serve as donor organs in
clinical lung transplantation, their function must be
properly assessed first. In cooperation with Vitrolife AB
(Gothenburg, Sweden), we have developed a lung-
function assessment solution which, when mixed with
red cells to a packed-cell volume of 10–20%, permits
perfusion of lungs ex vivo for several hours without
development of oedema (figure 1). By supplying
nitrogen, carbon dioxide, and oxygen to the oxygenator,
venous blood gases can be simulated in the solution.
During ventilation of the lungs with gases of different
inspired oxygen fractions, the blood gases analysed in
the solution taken from the left atrial cannula will show
the gas-exchange capacity of the lungs. Measurement of
the endtidal carbon dioxide concentration and
comparison of that value with the arterial carbon dioxide
concentration, ventilation-perfusion discrepancies (eg,
those due to pulmonary emboli) can be detected. By
clamping one hilus with a vascular clamp, each lung can
be assessed individually. Vascular function can be
judged by observing the effect on the pulmonary
vascular resistance of a gradual increase in the
proportion of nitric oxide in the inhalation gas; the
greater the effect of nitric oxide on pulmonary vascular
resistance, the more impaired the endothelium-
dependent relaxation.11

The results of our animal experiments and studies on
ex-vivo assessment of lung function convinced us that it
should be possible to transplant lungs from non-heart-
beating donors to live recipients, provided an ethically
acceptable method of cooling the lungs within 1 h of
death could be found. Here we report the methods used
to ascertain what constitutes ethical acceptability in these
circumstances, and the results of our experience with the
first non-heart-beating lung donor and recipient.

Transplantation of lungs from a non-heart-beating donor

Stig Steen, Trygve Sjöberg, Leif Pierre, Qiuming Liao, Leif Eriksson, Lars Algotsson
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Societal Concerns Arising from the New Genetics
Critical Policy and Ethical Issues

Uncertainties associated with gene tests for sus-
ceptibilities and complex conditions (e.g., heart 
disease, diabetes, and Alzheimer’s disease). Should 
testing be performed when no treatment is available 
or when interpretation is unsure? Should children be 
tested for susceptibility to adult-onset diseases?

Conceptual and philosophical implications regard-
ing human responsibility, free will vs genetic 
determinism, and understanding of health and 
disease. Do our genes influence our behavior, and 
can we control it? What is considered acceptable 
diversity? Where is the line drawn between medical 
treatment and enhancement?

Health and environmental issues concern-
ing genetically modified (GM) foods and 

microbes. Are GM foods and other prod-
ucts safe for humans and the environ-

ment? How will these technologies 
affect developing nations’ depen-

dence on industrialized nations?

Commercialization of prod-
ucts including property rights 
(patents, copyrights, and trade 
secrets) and accessibility of 
data and materials. Will patent-
ing DNA sequences limit their 
accessibility and development 
into useful products?

 
*For more information, see the Ethical, 
Legal, and Social Issues URL, p. 12.

•

•

•

•

From its inception, the Human Genome Project 
dedicated funds to identify and address the ethi-
cal, legal, and social issues surrounding the avail-

ability of new genetic data and capabilities. Examples 
of such issues follow.*

Privacy and confidentiality of genetic informa-
tion. Who owns and controls genetic information? Is 
genetic privacy different from medical privacy?

Fairness in the use of genetic information by 
insurers, employers, courts, schools, adoption 
agencies, and the military, among others. Who 
should have access to personal genetic informa-
tion, and how will it be used?

Psychological impact, stigmatization, and discrimi-
nation due to an individual’s genetic makeup. How 
does personal genetic information affect self-iden-
tity and society’s perceptions?

Reproductive issues including adequate and 
informed consent and the use of genetic informa-
tion in reproductive decision making. Do health-
care personnel properly counsel parents about risks 
and limitations? What larger societal issues are raised 
by new reproductive technologies?

Clinical issues including the education of doctors 
and other health-service providers, 
people identified with genetic 
conditions, and the general 
public; and implementation of 
standards and quality-control 
measures. How should health 
professionals be prepared for the 
new genetics? How can the pub-
lic be educated to make informed 
choices? How will genetic tests be 
evaluated and regulated for accuracy, 
reliability, and usefulness? (Currently, 
there is little regulation.) How does soci-
ety balance current scientific limitations 
and social risk with long-term benefits?

Fairness in access to advanced genomic 
technologies. Who will benefit? Will there 
be major worldwide inequities?

•

•

•

•

•

•

The Genetic Information Nondiscrimination Act 
(GINA) became law on May 21, 2008. GINA prohibits 
U.S. health insurance companies and employers 
from discrimination on the basis of information 
derived from genetic tests. In addition, insurers and 
employers are not allowed under the law to request 
or demand a genetic test.

New Genetics Privacy Act Becomes Law
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Risk stratification of graft failure for heart 
transplanted patients by genome sequencing

Forskning



RESEARCH ARTICLE

The International Heart Transplant Survival
Algorithm (IHTSA): A New Model to Improve
Organ Sharing and Survival
Johan Nilsson1*, Mattias Ohlsson2, Peter Höglund3, Björn Ekmehag4¤, Bansi Koul1,
Bodil Andersson5

1 Department of Clinical Sciences Lund, Cardiothoracic Surgery, Lund University and Skåne University
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Cardiology, Lund University and Skåne University Hospital, Lund, Sweden, 5 Department of Clinical
Sciences Lund, Surgery, Lund University and Skåne University Hospital, Lund, Sweden
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Abstract

Background
Heart transplantation is life saving for patients with end-stage heart disease. However, a
number of factors influence how well recipients and donor organs tolerate this procedure.
The main objective of this study was to develop and validate a flexible risk model for predic-
tion of survival after heart transplantation using the largest transplant registry in the world.

Methods and Findings
We developed a flexible, non-linear artificial neural networks model (IHTSA) and classifica-
tion and regression tree to comprehensively evaluate the impact of recipient-donor vari-
ables on survival over time. We analyzed 56,625 heart-transplanted adult patients,
corresponding to 294,719 patient-years. We compared the discrimination power with three
existing scoring models, donor risk index (DRI), risk-stratification score (RSS) and index for
mortality prediction after cardiac transplantation (IMPACT). The accuracy of the model was
excellent (C-index 0.600 [95% CI: 0.595–0.604]) with predicted versus actual 1-year, 5-year
and 10-year survival rates of 83.7% versus 82.6%, 71.4% – 70.8%, and 54.8% – 54.3% in
the derivation cohort; 83.7% versus 82.8%, 71.5% – 71.1%, and 54.9% – 53.8% in the inter-
nal validation cohort; and 84.5% versus 84.4%, 72.9% – 75.6%, and 57.5% – 57.5% in the
external validation cohort. The IHTSA model showed superior or similar discrimination in all
of the cohorts. The receiver operating characteristic area under the curve to predict one-
year mortality was for the IHTSA: 0.650 (95% CI: 0.640–0.655), DRI 0.56 (95% CI: 0.56–
0.57), RSS 0.61 (95% CI: 0.60–0.61), and IMPACT 0.61 (0.61–0.62), respectively. The de-
cision-tree showed that recipients matched to a donor younger than 38 years had additional
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OPEN ACCESS

Citation: Nilsson J, Ohlsson M, Höglund P, Ekmehag
B, Koul B, Andersson B (2015) The International
Heart Transplant Survival Algorithm (IHTSA): A New
Model to Improve Organ Sharing and Survival. PLoS
ONE 10(3): e0118644. doi:10.1371/journal.
pone.0118644

Academic Editor: Stanislaw Stepkowski, University
of Toledo, UNITED STATES

Received: September 25, 2014

Accepted: January 16, 2015

Published: March 11, 2015

Copyright: © 2015 Nilsson et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: Data is available to all
interested researchers upon request. The data
cannot be made available in a public repository due
to the ISHLT TRANSPLANT REGISTRY DATA USE
AGREEMENT (DUA) 2010. Researchers may submit
queries to the Registry to obtain specific data sets or
data analyses needed for a research project or
manuscript. Such requests can be made using the
ISHLT Data/Analysis Request Form (https://www.
ishlt.org/frm_data_request.asp) or by contacting the
ISHLT Registry Executive Committee https://www.



analysis. As illustrated in Fig. 8A and D, the IHTSA demonstrated a similar increase in the
number of allocated organs and predicted survival time compared with the Clinical model.

Discussion
In this paper, we present the first international survival prediction model for heart-trans-
planted patients. By using such a model, we can make an improved outcome prediction based
on the characteristics of both the recipient and donor. The findings from this study show that a
flexible non-linear ANN model can be used to predict both short- and long-term mortality
with higher accuracy. Furthermore, we demonstrate that a survival prediction based organ
sharing system may allocate more organs compared with a criterion-based system.

The registry used to develop the model is unique in many ways. The registry has been col-
lected data since the 1980’s, it provide data from more than 300 participating institutions and
include data from almost 70% of all heart transplantations performed in the world. The most
essential variable in our model was donor age, which is in consistence with previous findings
[21]. However, we further show that donor age influences the estimated survivals by a factor of
two compared with the recipient age and that recipients matched to a donor younger than 38
years had an additional expected median survival time of three years. Previous single center

Fig 7. The International Heart Transplantation Survival Algorithm (IHTSA) as a web application. The IHTSA has been implemented as an interactive
program that estimates median, 1-, 5-, and 10-year survival, and the benefit of adding (or removing) properties from an individual recipient and the potential
donor (http://www.ihtsa.med.lu.se). ECMO, extracorporeal membrane oxygenation; HLA, human leukocyte antigen; PRA, panel reactive antibody; PVR,
pulmonary vascular resistance; SPP, systolic pulmonary pressure. †Drug treated systemic hypertension. ‡Infection requiring intra venous antibiotic therapy
within two weeks prior to transplant. *Previous transplant——previous kidney, liver, pancreas, pancreas islet cells, heart, lung, intestine and/or bone
marrow transplant.

doi:10.1371/journal.pone.0118644.g007

Nilsson - Survival Prediction in Heart Transplantation

PLOS ONE | DOI:10.1371/journal.pone.0118644 March 11, 2015 16 / 22



reports, have suggested that it is more beneficial in terms of patient survival to receive an allo-
graft from a donor>40 years old than to remain on the waiting list [4,22]. Our finding raises
the question again; may it be more beneficial in terms of patient survival to remain on the wait-
ing list than to receive an allograft from an older donor, especially for non-urgent status-II
patients?

Prolonged duration of ischemia has an adverse effect on survival [5,23,24]. Interestingly,
our analyses showed that the duration of ischemia affects the discrimination of survival less
than expected. The reason might be that our model was developed to predict overall survival
and previous studies have been focused on short-term survival. Our finding that the HR was
most prominent in the early postoperative era but declined over time supports this.

The influences of body size and gender match are more controversial than duration of ische-
mia. The "classic rule” from the early 1990s, supported by previous studies, requires that the
donor/recipient weight ratio is not less than 0.8 [4,25]. In the present study, the minor

Fig 8. Predicted cumulative mortality for different organ allocation models. In panel (A) the graph shows the number of transplanted patients for The
IHTSAmodel (red lines), Clinical model (blue lines) and Control (green lines) influenced by the size of the waiting list. The internal validation cohort (IVC) is
presented with solid lines, temporal validation cohort (TVC) dashed lines and external validation cohort NTTD dotted lines. In panel (B) the graph shows the
difference in predicted cumulative mortality as a function of time since heart transplantation for a waiting list including 50 patients in the IVC (N = 8,569). The
solid black lines present the observed mortality and the dotted lines the predicted mortality for all patients. Panel (C) shows the difference in predicted
cumulative mortality for IHTSAmodel influenced by the number of patients on the waiting list (NW). In panel (D) the results from the sub analysis including
patients from the IVC, who were not treated in the intensive care unit and were not on life support prior to transplantation, are presented (N = 4,868).

doi:10.1371/journal.pone.0118644.g008
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• Graft/patient överlevnaden inom transplantation 
har förbättras påtagligt de senaste årtionden  

• SUS resultat vid hjärttransplantation är i 
internationell toppklass 

• Trots att antalet donationer ökar nyttjas endast 
20-30% av donatorerna för thorax transplantation 

• Nya organfördelningsmodeller utvecklade vid 
Lunds Universitet kan dock förbättra detta inom 
en snar framtid

Sammanfattning




