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RHT donations and microbiological contamination 
(19%) in DBD donations. Altogether, 38 CHAs were 
transplanted to 36 patients. Recipients were divided 
in three groups; infective endocarditis (IE), non-
infectious heart disease and congenital heart disease 
group. In the IE group, the 30-day, 1-year and 3-year 
survival was 71%, 53% and 47%, respectively. Free-
dom from re-operation due to all graft-related causes 
was 76% and due to structural valve deterioration 
88%. There were no cases of graft reinfection. In the 
congenital heart disease group CHAs were predomi-
nantly (94%) used for right ventricular outflow tract 
reconstruction and 88% of patients recovered without 
graft-related complications. At present, the number of 
demands for CHAs at CTB considerably outweighs 
their availability.

Keywords Cryopreserved heart valve allografts · 
Tissue banking · Tissue processing · Infective 
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Introduction

The use of human heart valve allografts came into 
clinical practice during 1960s when Donald Ross and 
Brian Barratt-Boyes independently implanted cadav-
eric allograft in the aortic position (Ross 1962; Bar-
ratt-Boyes and Roche 1969). Despite initial success it 
soon became obvious that to ensure valve availabil-
ity, allograft sterilization and preservation techniques 
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needed to be developed. In 1968 Barratt-Boyes pro-
posed antibiotic treatment as a method of choice for 
allograft sterilization. At the same time, techniques 
such as freeze-drying, irradiation and glutaralde-
hyde pretreatment were too aggressive, and their use 
resulted in impaired allograft function (Hopkins 1989; 
Russo et  al. 2017). Also, significant development in 
the field of mechanical and bioprosthetic valves addi-
tionally decreased the interest in allograft use until 
Marc O’Brien introduced cryopreservation in liquid 
nitrogen (LN2) as a method for long-term storage of 
human tissues (O’Brien et  al., 1987). This innova-
tive method prompted new era of functional allograft 
storage that enabled development of tissue banks 
worldwide. Since then, tissue banks have advanced 
to establishments that are responsible for the proce-
dures of donation, procurement, testing, processing, 
storage and distribution of tissues. Croatian Cardio-
vascular Tissue Bank (CTB) was founded in 2011 at 
the University Hospital Centre Zagreb (UHC Zagreb) 
with the aim to fulfill national demands for heart 
valve and vascular allografts. As a tertiary health care 
institution, UHC Zagreb provides advanced medical 
care and sophisticated medical procedures for various 
groups of patients. In that regard, immediately avail-
able allografts from CTB present additional treatment 
option for specific patient groups.

In comparison to other available heart valve sub-
stitutes, it has been shown that cryopreserved heart 
valve allografts (CHAs) exhibit natural biocompat-
ibility, good hemodynamic profile, low risk of throm-
boembolic events and resistance to infection. How-
ever, during time several drawbacks of CHA use such 
as limited availability and propensity to structural 
deterioration came to light (Fukushima et  al. 2014; 
Arabkhani et al. 2016; Poinot et al. 2018; Nappi et al. 
2018, 2020). In addition, advances in development 
of artificial “off the shelf” prosthesis further limited 
their use. Nevertheless, CHAs are still invaluable 
treatment option for some patient groups. In patients 
with complex congenital heart diseases, CHAs are 
considered the first-choice valved conduits for recon-
struction of right ventricular outflow tract (RVOT). 
They also present important part of surgical strat-
egy for the treatment of infective endocarditis (IE), 
especially in the case of prosthetic valve endocarditis 
(PVE) with significant perivalvular extension of the 
disease which is associated with high mortality rate. 
Collecting the data about patient outcomes following 

CHA implantation is crucial for evaluation of CHA 
long-term efficiency and durability. In this regard, 
the aim of this study was to provide an overview of 
CTB’s banking activities during past ten years and to 
present the outcomes of CHA use in different patient 
groups.

Methods

Donor assessment

All heart donations referred to CTB from June 2011 
until December 2021 were included in this study.

The organ or tissue donation from the deceased 
donors in Croatia is based on the opting-out system, 
which implies that the consent to donation is pre-
sumed if no objection to donation has been expressed 
by an individual during lifetime. However, if the fam-
ily disagrees with the donation, their wishes would be 
respected, and organ or tissue procurement would not 
proceed. In the case of the living donation, patient’s 
consent is always collected prior the procurement.

Most heart donations referred to CTB come from 
living donors (recipients of the heart transplant; 
RHT) and from deceased donors after brain death 
(DBD). Heart tissues from deceased donors after cir-
culatory death (DCD) are usually not referred to CTB 
because hospitals in Croatia lack adequate premises 
for tissue procurement from this type of donors. How-
ever, in two instances DCD donations were accepted 
because in these cases, the donors were transferred 
to the operating theatre where proper environmental 
conditions for cardiovascular tissue retrieval could be 
achieved.

The acceptable age of the heart valve donors is 
between 32  weeks of gestation and 65  years. The 
donor eligibility for tissue donation is assessed by 
review of the available medical history, social/behav-
ioural information, travel history and physical exami-
nation. Donor blood samples are used for haemodilu-
tion assessment and screening for blood transmissible 
diseases. Serological tests for HBV, HCV, HIV and 
syphilis and nucleic acid amplification technique 
(NAT) assays for HIV, HBV and HCV are always per-
formed. In addition, seasonal NAT testing for West 
Nile Virus (WNV) is performed according to the 
current epidemiological guidelines. Also, since 2020 
only donors with negative PCR test for SARS-CoV-2 
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obtained within 72  h before procurement can be 
accepted for donation. Additional donor blood sam-
ples are archived at CTB in case of a need for look 
back testing.

Tissue procurement and shipment to the CTB

All heart tissues are procured in the operating thea-
tre by a trained surgical team. The procured heart is 
stored in 500 ml of saline transport solution in ster-
ile triple layered package with wet ice. The donor’s 
blood samples and tissue are then placed in transport 
container (Igloo, USA) loaded with 3 L of ice. Tissue 
needs to be delivered to CTB within 12 h.

Heart processing

The processing of the donated heart starts within 24 h 
from procurement. The processing is performed in a 
monitored cleanroom within the laminar flow cabinet 
with the background environment equivalent to the 
air quality Grade B according to the European Good 
Manufacturing Practice guidelines (EU GMP). The 
environmental microbiological monitoring is per-
formed during all tissue processing steps.

Dissection of the heart is performed by a surgeon 
who is assisted by a CTB staff member. During the 
dissection, aortic valve with ascending aorta and pul-
monary valve with pulmonary conduit with or with-
out bifurcation are separated. The morphology of the 
tissues is thoroughly inspected. If abundant atheroma, 
fibrosis or calcifications in the vascular wall and/or 
leaflet basis are present, the tissue is discarded. The 
leaflets are also carefully examined to exclude the 
presence of large fenestrations that could influence 
valve competence. Leaflet coaptation is estimated 
using sterile Medium 199 (Gibco, USA). Briefly, after 
the valve conduit is filled with media thus performing 
the pressure on the valve, the degree of media leak-
age is evaluated as none, trivial, slight, moderate or 
severe. If trivial or no leakage is present, the valve is 
considered functional. However, if slight leakage is 
determined, the competence test should be repeated 
following decontamination procedure. In such cases, 
tissue is considered acceptable only if better results 
are obtained following repeated testing. If the leakage 
is estimated as moderate or severe, the valve is dis-
carded. Finally, the valve diameters are measured by 
use of Hegar’s dilators and the lengths of the aortic 

and pulmonary conduits are recorded. The tissue is 
then submerged in the decontamination solution con-
sisting of Medium 199 with antibiotics; vancomycin 
(50  μg/ml, Fresenius Kabi, Germany), lincomycin 
(120 μg/ml, Pfizer, USA) and polymyxin B (100 μg/
ml, Caelo, Germany). Following the decontamination 
procedure at + 4  °C for 24–48  h, tissue morphology 
is inspected again. Competence test and all measure-
ments are repeated as well.

Following decontamination, tissue is rinsed in the 
sterile saline solution and immersed in cryoprotec-
tive solution comprised of 10% dimethyl sulphoxide 
(DMSO, Wak-Chemie, Germany) in sterile Medium 
199 and cryopreserved according to the previously 
described validated protocol (Golemovic et al. 2022).

Collection of in-process quality controls

The initial tissue and transport solution, decontami-
nation solution, rinsed tissue and cryoprotective solu-
tion are tested for the presence of aerobic and anaer-
obic bacteria, fungi and yeasts (BBL Thioglycollate 
Medium and BBL Trypticase Soy Broth, BD, USA). 
For liquid samples, 150  ml of the solution is tested 
by use of membrane filtration technique (S-Pak Fil-
ters 0.45  µm, Millipore, USA) while tissue samples 
are cut and directly inoculated into the culture media. 
All samples collected following decontamination 
procedure need to be sterile, if otherwise, allograft is 
discarded. If only initial tissue and transport solution 
test positive for microbiological contamination, the 
allograft outcome depends on the type of the micro-
organism detected. The list of microorganisms whose 
presence should result in tissue discard if detected at 
any stage of processing is defined in the CTB proto-
col. This list includes microorganisms suggested in 
the EDQM Guide to the quality and safety of tissues 
and cells for human application (EDQM 2019). How-
ever, based on CTB experience, this non-exhaustive 
list was supplemented with additional types of micro-
organism such as Acinetobacter baumannii, Serratia 
marcescens and Proteus mirabilis. In addition to the 
previously mentioned tissue and solution controls, 
microbiological swabs of the allograft primary pack-
age are taken as well (Transystem™ 108C Regular 
Rayon Swab with Amies Agar Gel, Copan, USA). 
The swab specimens are transported to the microbi-
ology laboratory where they are immediately plated 
onto culture media plates that support the growth of 
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bacteria and fungi. The whole heart following valve 
isolation is sent for histopathological examination.

Medical release

The CHA remains in the quarantine until all results 
of the donor testing and in-process controls are col-
lected. Finally, all testing results as well as the infor-
mation about tissue donation, shipment, delivery, 
processing and storage are carefully reviewed by 
CTB medical director who makes a final decision 
about allograft outcome. All details of the process 
are recorded in handwritten forms and in customized 
software to ensure traceability. The CHAs designated 
as suitable for clinical application are stored in a sep-
arate LN2 vapour tank for up to 5 years.

Thawing procedure

The surgeon contacts CTB with a request for avail-
able tissues with characteristics suitable for a particu-
lar patient. On the day of the implantation procedure 
the tissue is transported to the operating theatre in the 
dry shipper at temperature below − 135 °C. The tissue 
is thawed according to the validated protocol as pre-
viously described (Golemovic et  al. 2022). Thawed 
tissue must be kept at + 4 °C in sterile saline and be 
implanted within 6  h. The post-thaw tissue samples 
are sent for microbiological testing.

Patient population

Thirty-six patients who received CHAs distributed 
from CTB from June 2011 to December 2021 were 
included in this study. All patients were treated at 
the Department of Cardiac Surgery at UHC Zagreb. 
According to the etiology of the heart disease patients 
were divided in three groups; infective endocardi-
tis (IE), non-infectious heart disease or congenital 
heart disease group. Patient demographic data and 
preoperative status were obtained through a retro-
spective review of medical records. In the group of 
patients who presented with infectious etiology, 
extensive review of all microbiological testing results 
was additionally performed. Preoperative blood cul-
ture results, duration of preoperative antibiotic treat-
ment and intraoperatively detected microorganisms 
were included in this study. Operative details were 

analyzed for all patient groups and they included 
the type of surgical procedure, duration of cardiac 
ischemia, cardiopulmonary bypass time and blood 
products input from the day of the allograft implanta-
tion until the patient discharge from the hospital. Data 
on blood products input were obtained from transfu-
sion information system. General complications were 
defined as surgical re-exploration due to postopera-
tive bleeding, atrioventricular block, post-cardiotomy 
extracorporeal membrane oxygenation (ECMO) 
support, respiratory insufficiency, renal failure and 
postoperative neurological dysfunction. Respiratory 
insufficiency was defined as need for mechanical ven-
tilation longer than 48 h, renal failure as necessity for 
postoperative dialysis and neurological dysfunction as 
postoperative motoric deficit confirmed by neuroim-
aging methods. Details about postoperative outcomes 
were prospectively collected in the computerized 
database. The follow-up period was defined as the 
time elapsed from implantation of the allograft until 
the last clinical examination performed by cardiolo-
gist or the last telephone interview with the patient or 
the treating physician in the local hospital.

Biovigilance

A systematic monitoring of serious adverse reac-
tions and events (SARE) from the donor selection to 
the recipient follow-up is implemented in the qual-
ity management system of CTB and UHC Zagreb. 
All non-compliances are documented in electronic 
and handwritten forms and reviewed by CTB medi-
cal director. In case that criteria for SARE is met, 
the incident is immediately reported to the Compe-
tent Authority (Ministry of Health) that evaluates the 
notification and intervenes appropriately. Competent 
Authority sends annual reports of SARE to the Euro-
pean Commission.

Results

Donors and allografts

From June 2011 until December 2021, 75 heart 
donations were referred to CTB from 11 different 
hospitals in Croatia (Table  1). Altogether, there 
were 41 RHT, 32 DBD and 2 DCD donations 
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(Table 2). The causes of transplantation in the case 
of RHT donations and causes of death in the case 
of DBD and DCD donations are listed in Table 1. 
The median time from the procurement until the 
storage of the tissue was 54 h 52 min.

RHT donations

Out of 41 RHT heart donations, 11 hearts (27%) were 
initially discarded (Fig.  1a). In these cases, exten-
sive damage of the tissue inflicted during retrieval 
procedure resulted in no possibility to isolate func-
tional valves. Out of the remaining 30 RHT hearts, 4 
resulted in two, 18 in one and 8 in no valve allografts 
that met quality requirements (Fig.  1a). Altogether, 
in 54% of RHT donations (22/41) heart processing 
resulted in 26 allografts that met quality require-
ments. Total number of processed valves was 41 of 
which 15 were discarded (37%) (Table 2). The most 
frequent reasons for tissue discard were inadequate 
morphology (12%) and medical contraindication 
(12%). Altogether five valves originating from five 
different donors were discarded due to inadequate 
morphology and five valves from three different 
donors due to medical contraindications that were 
discovered following detailed investigation of donors’ 
medical history. Only one valve was discarded due to 
microbiological contamination of initial tissue sample 
and transport solution with Pseudomonas aeruginosa.

DBD donations

In the past ten years 70 DBD donations of cardio-
vascular tissues were referred to CTB and only 32 
of them (46%) included heart donation. None of the 
hearts was discarded due to damage inflicted during 

Table 1  Donors of heart valves

a not secondary to an infiltrative process
RHT recipient of heart transplant (living donor), DBD donor 
after brain death, DCD donor after circulatory death

Cause of transplantation/death N Gender 
male/
female

Median age/
years (min–
max)

RHT 41 28/13 46
Dilated cardiomyopathy 31 23 / 8 47 (4–58)
Ischaemic cardiomyopathy 6 2 / 4 50 (35–57)
Restrictive  cardiomyopathya 4 3 / 1 22 (12–30)
DBD 32 14 / 18 47
Intracranial hemorrhage 21 9 / 12 49 (21–60)
Intracranial injury 5 3 / 2 38 (22–51)
Cardiac arrest 3 1 / 2 22, 49 and 1
Stroke, not specified as hemor-

rhage or infarction
1 1 / 0 49

Death due to intentional self-
harm

1 0 / 1 12

Drowning 1 0 / 1 12
DCD 2 0 / 2 0
Birth asphyxia 2 0 / 2 0

Table 2  Processed tissues 
and reasons for discard of 
tissues

RHT recipient of heart 
transplant (living donor), 
DBD donor after brain 
death, DCD donor after 
circulatory death

Type of donation Total

RHT DBD DCD

Procured hearts (n) 41 32 2 75
Processed hearts (n) 30 32 2 64
Processed tissues (n) 41 58 4 103
Discarded tissues (n) 15 22 1 38
Discard rate of processed tissues 37% 38% 25% 37%

Reasons for processed tissue discard RHT DBD DCD Proportion 
in discarded 
tissues

Morphology 5 7 1 34%
Microbiological contamination 1 11 / 32%
Medical contraindication 5 1 / 16%
Technical error 2 2 / 11%
Serology results 2 / / 5%
Tissue damage inflicted during retrieval / 1 / 3%



 Cell Tissue Bank

1 3
Vol:. (1234567890)

retrieval procedure. Processing of 14 hearts resulted 
in two, 8 in one and 10 in no valve allografts that 
met quality requirements (Fig.  1b). Altogether, in 
69% of DBD donations (22/32) heart processing 
resulted in 36 allografts that met quality require-
ments. In total, 58 valves were obtained by process-
ing of which 22 were discarded (38%) (Table  2). 
The most frequent reasons for tissue discard were 
inadequate morphology (12%) and microbiological 
contamination (19%). Seven valves originating from 
six different donors were discarded due to inad-
equate morphology. Eleven valves originating from 
seven different donors were discarded due to micro-
biological contamination with microorganisms that, 
according to CTB criteria, if found at any stage of 

processing should result in tissue discard. The fol-
lowing contaminants were detected in the initial tis-
sue samples and transport solution: Pseudomonas 
aeruginosa, Enterococcus faecalis, Candida spp 
and Acinetobacter baumanii. Among these dona-
tions, in two cases Candida spp was identified in the 
initial sample (tissue and transport solution) and in 
the subsequent controls of all processed tissues as 
well (decontamination solution and rinsed tissue). 
However, in two cases when initial samples tested 
positive for Enterococcus faecalis, Candida spp was 
identified only in subsequent control samples. All 
tissues that were initially sterile, tested negative in 
subsequent controls as well.

27% 19%44%

10%

46%

RHT (n=41)

0 valve due to tissue damage during retrieval (n=11)
0 valve (n=8)
1 valve (n=18)
2 valves (n=4)

31%

25%

44%

DBD (n=32)

0 valve (n=10)
1 valve (n=8)
2 valves (n=14)

50%50%

DCD (n=2)

1 valve (n=1)
2 valves (n=1)

a b 

c

Fig. 1  Proportion of valves that met quality requirements for clinical use in different types of donations
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DCD donations

There were only two DCD donations. Altogether, four 
valves were obtained by processing of which one was 
discarded due to inadequate morphology (Fig.  1c, 
Table 2).

Cryopreserved heart valve allografts

In summary, processing of all hearts received at 
CTB resulted in 103 valves of which 65 met qual-
ity requirements for clinical use. Overall tissue dis-
card rate amounted 37% (Table 2). In total, 41 CHAs 
were distributed for transplantation. Two CHAs 
were thawed but not implanted because of surgeons’ 
change of decision due to unexpected course of sur-
gical intervention. One CHA was not removed from 
a monitored dry shipper and it was returned to CTB 
storage. Altogether 38 CHAs were used in 36 surgical 
procedures in the same number of patients (Table 3). 
The post-thaw tissue control samples were all ster-
ile except in one case when CHA tested positive for 
Coagulase Negative Staphylococcus. The patient 
received appropriate antibiotic treatment and recov-
ered without complications.

Infective endocarditis group of patients

A total of 17 patients with IE were included in the 
first group. Demographics and patient clinical data 
are listed in Table 4. The median age of patients was 
57 (22–75). The indications for surgical procedure 
were aortic valve endocarditis (n = 16) and pulmonary 
valve endocarditis (n = 1, Fig.  2). Among patients 
with aortic valve endocarditis, 15 patients (94%) were 
operated due to PVE and one due to native valve 
endocarditis. Fifteen patients (88%) had significant 

perivalvular extension of the disease, with aortic 
root abscess being the most commonly observed 
complication. Twelve patients (71%) presented with 
significant or severe heart failure symptoms accord-
ing to the New York Heart Association classification 
(NYHA class III and IV). Infective endocarditis was 
predominately caused by Staphylococcus species 
(59%), followed by Enterococcus faecalis (24%) and 
Streptococcus species (12%). Four patients had more 
than one pathogenic microorganism present in blood 
cultures and/or intraoperative samples. Median dura-
tion of preoperative antibiotic treatment was 25 days 
(5–42). Altogether, 19 CHAs were transplanted 
(Table  3). In 15 procedures one allograft was used 
and in two cases two allografts were necessary to 
complete the procedure. The prevalent procedure was 
aortic root replacement (71%).

Treatment outcome

The median length of patients’ postoperative stay 
in our centre was 15  days (0–70). Following dis-
charge, most patients continued their postoperative 
care in the University Hospital for Infectious Dis-
eases. The 30-day mortality rate was 29% (5/17 
patients). One death during this period was graft-
related, and it was caused by the rupture of aortic 
wall of implanted aortic valve allograft 29  days 
after surgery. The remaining deaths were non-graft-
related, and they were mainly caused by myocardial 
failure. During early postoperative period respira-
tory insufficiency, renal failure, need for post-car-
diotomy ECMO support and atrioventricular block 
were recorded in eight, six, five and three patients, 
respectively.

Table 3  Transplanted 
CHAs

CHA cryopreserved human 
heart valve allograft

No. of transplanted/distributed CHAs 38/41 (93%)

Patient groups Type of transplanted CHAs N

Infective endocarditis n = 17 Aortic valve with ascending aorta 18
Pulmonary valve with main, left and right arteries 1

Non-infectious heart disease n = 3 Aortic valve with ascending aorta 2
Pulmonary valve with main, left and right arteries 1

Congenital heart disease n = 16 Aortic valve with ascending aorta 6
Pulmonary valve with main, left and right arteries 3
Pulmonary valve with main artery 7
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Table 4  Demographics and 
clinical data for the group 
of patients with infective 
endocarditis

a  in two procedures two 
homografts were used 
for reconstruction and in 
additional two procedures 
one homograft was used 
to perform ARR  and AAR  
simultaneously
AV atrioventricular, 
MR-CoNS Methicillin-
resistant coagulase-negative 
Staphylococcus, ARR  aortic 
root replacement, AVR 
aortic valve replacement, 
AAR  ascending aorta 
replacement, RVOT right 
ventricular outflow tract; 
RBC red blood cells, FFP 
fresh frozen plasma

Demographics N

Total number of patients 17
Age (yrs; median, range) 57 (22–75)
Gender (male/female) 10/7

Indications

Prosthetic valve endocarditis (aortic/pulmonary) 15 (15/0)
Native valve endocarditis (aortic/pulmonary) 2 (1/1)

Preoperative status

Prosthetic valve endocarditis 15
Perivalvular complications (Abscess/ Pseudoaneurysm/Fistulae) 14 (12/3/1)
Septic embolism (One/Multiple) 2 (1/1)
AV block 1
Native valve endocarditis 2
Perivalvular complications (Pseudoaneurysm) 1
AV block 1

Comorbidities

Hypertension 10
Hyperlipidemia 8
Obesity 5
Renal insufficiency 3

Causative microorganisms

Staphylococcus sp. 10
Staphylococcus aureus/ Staphylococcus epidermidis/Staphylococcus sp./MR-

CoNS
4/3/2/1

Enterococcus faecalis 4
Streptococcus sp. 2
Streptococcus sp. (BHS group D)/Streptococcus gallolyticus 1/1
Enterobacter spp. ESBL 1
Pseudomonas aeruginosa 1
Acinetobacter baumanii 1
Cutibacterium acnes 1
Blood-culture negative 3

Operative data

Total number of procedures (ARR/AVR/AAR/RVOT reconstruction) 17 (12/5/3/1)a

Cardiopulmonary bypass time (min; median, range) 386 (100–540)
Cardiac ischemia (min; median, range) 251 (73–375)
Blood products input (total number of units; median) 53 (14–152)
RBC (number of units; median) 21 (6–60)
FFP (number of units; median) 13 (4–31)
Platelets (number of units; median) 20 (4–67)
Donor-recipient blood group match (N, %) 8 (42,1)

Postoperative data

ICU stay (days; median, range) 11 (0–70)
Postoperative hospital stay (days; median, range) 15 (0–70)
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The median length of follow-up of patients 
(n = 12) who survived 30-day postoperative period 
was 40 months (2–89). During first postoperative year 
three additional deaths were recorded. One patient 
died due to myocardial infarction, while in the case of 
the remaining two patients the actual cause of death 
was not determined. One patient died during second 
postoperative year due to hematological disorder. 
The 1- and 3-year survival rates were 53% and 47%, 
respectively.

During complete follow-up period four patients 
needed re-operation due to graft-related complica-
tions. Two of these re-operations were necessary 
during early postoperative period. As previously 
mentioned, one patient died due to rupture of aortic 
wall of implanted aortic valve allograft. In the case 
of the second patient, anastomotic disruption between 
allograft and native aorta caused significant bleed-
ing that required urgent chest re-exploration. This 
patient successfully recovered. The remaining two 
re-operations were necessary during late follow-
up period due to structural valve deterioration. First 
patient presented with severe mixed aortic valve dis-
ease 4 years and 4 months after CHA implantation. In 
this case replacement of the allograft with mechani-
cal valve was performed. In the case of the second 
patient pseudoaneurysm of the ascending aorta graft 
was detected 7  years and 5  months following aortic 
allograft implantation. The ascending aorta allograft 
was successfully replaced with Dacron prosthesis. 
In total, overall freedom from re-operation due to all 
graft-related causes was 76%, while freedom from 
re-operation due to structural valve deterioration was 
88%. There were no cases of graft reinfection. At the 
latest follow-up contact, the remaining six patients 
were alive and free from intervention.

Non-infectious heart disease group of patients

The second group included three patients with non-
infectious heart diseases. Patients’ demographics and 
clinical data are listed in Table 5. The median age of 
patients was 66 (60–74). The indications for surgical 
procedure were aortic stenosis (n = 2) and pulmo-
nary artery angiosarcoma (n = 1, Fig. 3). Altogether, 
three CHAs were transplanted (Table 3). There were 
no early deaths or graft-related complications in this 
group.

Treatment outcome

The median duration of postoperative stay was 
12  days (5–32). The duration of follow-up for three 
patients was 1, 24 and 92 months, respectively. One 
patient was lost for follow-up after hospital discharge 
and one patient died two years following allograft 
implantation due to relapse and progression of pul-
monary angiosarcoma. The remaining patient recov-
ered without complications.

Congenital heart disease group of patients

The third group included 16 patients who received 
allograft for the repair of congenital heart defects. 
The median age of patients was 11 (0–26). The indi-
cations for surgical procedure were pulmonary ste-
nosis (n = 5), pulmonary atresia (n = 3), truncus arte-
riosus (n = 3), aortic stenosis (n = 3) and pulmonary 
valve insufficiency (n = 2). Details about patient age, 
operative details and postoperative data are listed in 
Table  6. In six patients CHA was used for primary 
correction of congenital heart defect. These cases 
included three neonates with truncus arteriosus, two 
neonates with pulmonary atresia and one 20-year-old 

Fig. 2  Native pulmonary 
valve endocarditis in a 
37-year-old patient (a). 
After complete excision 
of the infected tissue (b) 
reconstruction was per-
formed using pulmonary 
valve allograft with main 
pulmonary artery (c)



 Cell Tissue Bank

1 3
Vol:. (1234567890)

patient with Turner Syndrome and bicuspid aortic 
valve (BAV) who developed aortic stenosis. In one 
neonate with pulmonary atresia, hypoplastic pul-
monary artery was palliated using allograft patch. 

In the remaining nine patients, allograft implanta-
tion was second (n = 5), third (n = 3) or fourth (n = 1) 
reoperation. The use of CHA in a neonate with pul-
monary atresia with ventricular septal defect and 

Table 5  Demographics 
and clinical data for the 
group of patients with non-
infectious heart disease

TIA transient ischemic 
attack, AVR aortic valve 
replacement, RVOT right 
ventricular outflow tract, 
RBC red blood cells, FFP 
fresh frozen plasma

Demographics N

Total number of patients 3
Age (yrs; median, range) 66 (60–74)
Gender (male/female) 0/3

Indications N

Aortic stenosis 2
Pulmonary artery angiosarcoma 1

Comorbidities N

Hypertension 2
Hyperlipidemia 2
Obesity 1
Smoking 1
Prior neurological event (stroke or TIA) 1

Operative data N

Total number of procedures (AVR/RVOT reconstruction) 3 (2/1)
Cardiopulmonary bypass time (min; median, range) 174 (146–201)
Cardiac ischemia (min; median, range) 126 (114–138)
Blood products input (total number of units; median) 6 (5–10)
RBC (number of units; median) 4 (3–6)
FFP (number of units; median) 2 (2–4)
Platelets (number of units; median) 0
Donor-recipient blood group match (N, %) 1 (33,3)

Postoperative data N

ICU stay (days; median, range) 1 (1–3)
Postoperative hospital stay (days; median, range) 12 (6–33)

Fig. 3  Pulmonary artery 
angiosarcoma in a 60-year-
old patient. The patient 
underwent left-sided 
pneumonectomy and resec-
tion of the left pulmonary 
artery with corresponding 
valve (a). Pulmonary valve 
allograft with main and left 
pulmonary artery (b) was 
used for reconstruction (c)
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major aortopulmonary collateral arteries (PA/VSD/
MAPCA) is presented in Fig.  4. Altogether, 16 
CHAs were transplanted (Table 3). In total, 15 RVOT 

reconstructions and one aortic valve replacement 
(AVR) were performed. In five procedures allografts 
were implanted in the extra-anatomical position. 
In these cases, AV allografts were used to reestab-
lish right ventricle (RV) to pulmonary artery (PA) 
continuity.

Treatment outcome

The median length of postoperative stay was 20 days 
(7–38). One case of hemothorax that required surgical 
re-exploration was recorded. The patient successfully 
recovered. There were no other early complications 
in this group of patients. The median duration of fol-
low-up was 18 months (2–80). One patient who was 
referred to our centre from a neighboring country was 
lost for follow-up after 7 months. As expected in this 
group of patients, re-operation was necessary in two 
neonates. In the first case allograft patch was removed 
during complete correction procedure performed 

Table 6  Demographics and 
clinical data for the group 
of patients with congenital 
heart diseases

ACHD adult congenital 
heart disease, RBC red 
blood cells, FFP fresh 
frozen plasma

Demographics N

Total number of patients 16
Age (yrs; median, range) 11 (0–26)
Neonates/Infants/Children/Adolescents/ACHD 4/2/2/6/2
Gender (male/female) 7/9

Indications N

Pulmonary stenosis (w or w/o insufficiency) 5
Pulmonary atresia 3
Truncus arteriosus 3
Aortic stenosis (w or w/o insufficiency) 3
Pulmonary valve insufficiency 2

Operative data N

Total number of procedures (Primary correction/Reoperation /Patch) 16 (6/9/1)
Extraanatomical position of the homograft 5
Cardiopulmonary bypass time (min; median, range) 237 (77–288)
Cardiac ischemia (min; median, range) 148 (97–206)
Blood products input (total number of units; median) 11 (4–17)
RBC (number of units; median) 3 (0–8)
FFP (number of units; median) 3 (1–5)
Platelets (number of units; median) 4 (0–12)
Donor-recipient blood group match (N, %) 5 (31%)

Postoperative data N

ICU stay (days; median, range) 5 (2–34)
Postoperative hospital stay (days; median, range) 20 (7–38)

Fig. 4  Pulmonary atresia with ventricular septal defect and 
major aortopulmonary collateral arteries (PA/VSD/MAPCA) 
in a neonate patient. Rehabilitation of hypoplastic native pul-
monary artery (a) was performed with an aortic valve allograft 
with ascending aorta used as a right ventricle-to-pulmonary 
artery conduit (b)
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when patient was 9 months old. In the case of the sec-
ond patient significant stenosis of the pulmonary allo-
graft conduit was determined 29 months after recon-
struction. In this case allograft was replaced with 
Contegra® conduit. The remaining fourteen patients 
did not have graft-related complications during avail-
able follow-up.

Biovigilance activity

There were no cases of SARE during observed 
period. In this regard, the case of a patient with infec-
tive endocarditis who died on 29th postoperative day 
due to rupture of aortic wall of implanted aortic valve 
allograft was carefully examined. However, in this 
case SAR could not be attributed to the graft qual-
ity and was unequivocally excluded since there was 
clear evidence that the rupture of the aortic wall was 
a secondary effect of postoperative mediastinitis and 
related necessary surgical interventions.

Discussion

When the numbers of the heart valves processed 
and stored at CTB on the annual basis are com-
pared with other European tissue banks, it is obvi-
ous that the CTB is relatively small cardiovascular 
tissue bank. However, all issues concerning the 
cardiovascular tissue banking are mirrored in this 
bank as well. The CTB primarily copes with inad-
equate donor availability which results in inability 
to fulfill all demands from local surgeons. Since 
CTB is located at the UHC Zagreb which is also a 
heart transplantation center, the shortage of DBD 
donations tried to be compensated by an increase in 
inflow of RHT donations. However, the difference 
in the successful allograft retrieval between DBD 
and RHT donations is well known (Jashari et  al. 
2010). Eleven out of 41 RHT hearts (27%) received 
at CTB were initially rejected due to tissue dam-
age done during procurement. These events were 
more frequent at the beginning of the CTB activity 
and in time, following intense communication with 
transplant surgeons, the rate of hearts with iatro-
genic damage significantly decreased. In addition to 
rejections due to tissue damage during procurement, 
the characteristics of RHT donors additionally con-
tributed to the fact that 46% of all RHT donations 

resulted in no allografts while in DBD donations 
this rate amounted 31% (Fig. 1). The majority of the 
remaining RHT donations resulted in only 1 valve 
while the majority of DBD donations resulted in 2 
valves pointing out DBD donations as a more abun-
dant tissue source (Fig. 1).

The median age of RHT and DBD donors was 46 
and 47  years, respectively, which represents rather 
young population of donors. When CTB was estab-
lished, the accepted upper age of donors was lower 
than today, and it changed in time according to the 
commonly accepted age limits in other cardiovascular 
tissue establishments (EDQM 2019) and the results 
of published studies (Grosse et  al. 2008; Burkert 
et  al. 2021). The younger age of our donor popula-
tion is reflected in lower tissue discard rate due to 
morphological quality which is the discard reason 
strongly related to the donor’s age. Only 34% (13/38) 
of valves were discarded due to morphological rea-
sons (Table 2) which is quite low in comparison with 
other tissue establishments where this rate amounts 
60–70% (Axelsson et al. 2021; Jashari 2021). In those 
banks inflow of the donated hearts is more abundant, 
and the donor age limit was raised some time ago 
which finally led to high discard rate due to morpho-
logical changes. In the case of CTB that copes with 
inadequate availability of tissue donors it is even 
more important that the morphology of the received 
tissues is assessed in a rational way. This implies that 
tissues with minor morphological changes, such as 
valves with small fenestrations that do not interfere 
with valve coaptation, can still be accepted.

In addition to inadequate morphology, another 
frequent reason for valve discard at CTB was initial 
microbiological contamination with highly virulent 
microorganisms. The rate of tissues discarded due to 
this reason amounted 32% (12/38) and it was more 
pronounced in the DBD group of donors (Table  2). 
Although RHT and DBD heart retrievals are both 
performed in the operating theatres, the setting and 
the timing of heart procurement in these two types 
of donations significantly vary. In the case of RHT 
donors, the thoracic cavity is completely isolated from 
the abdominal cavity. The heart tissue is retrieved fast 
because the surgeons are focused on cardiac trans-
plantation and retrieved tissue is only shortly exposed 
to the environment before final packaging. On the 
other hand, in DBD donations, abdominal organs 
are retrieved prior to the heart which, in addition to 
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longer tissue exposure to the environment, increases 
risk of initial tissue contamination. These differences 
in the procurement procedures were reflected in the 
fact that in RHT donors, only one donation resulted 
in one valve discard while in the case of DBD donors 
seven separate donations resulted in valves’ discard 
due to contamination with highly virulent micro-
organisms. The list of pathogens whose presence in 
any of the tested samples results in tissue discard is 
defined in the CTB protocol. Apart from the microor-
ganisms listed in the recommendations for processing 
of cardiovascular tissue published in EDQM Guide 
(EDQM 2019), the CTB list incorporates some addi-
tional pathogens due to their clinical significance and 
high occurrence in our procurement facilities. Unfor-
tunately, most tissue establishments do not make their 
pathogen-specific rejection criteria publicly available, 
which hinders reliable comparison of tissue discard 
rates among banks.

All CHAs that were distributed from CTB in the 
past 10 years were transplanted to the patients treated 
at the Department of Cardiac Surgery at UHC Zagreb. 
This close collaboration within the same institution 
enabled prospective collection of patient follow-up 
data and immediate communication on any non-
compliances. The present study provides the results 
of CHA use in three different groups of patients and 
therefore procedure outcomes need to be discussed 
separately.

The most complex patients were those in the IE 
group since they presented with acute, rapidly pro-
gressive infection and life-threatening condition. The 
timing of surgical intervention and the ideal valve 
substitute for such patients are not strictly defined in 
The European Society of Cardiology (ESC) guide-
lines for the management of IE (Habib et  al. 2015). 
These guidelines do not favor any specific valve sub-
stitute but recommend a tailored approach for each 
individual patient and clinical situation (Habib et al. 
2015). Nevertheless, some pivotal studies have shown 
that CHAs exhibit better biocompatibility and resist-
ance to infection and enable easier reconstruction, 
especially in the presence of aortic root abscess, in 
comparison to the conventional mechanical and bio-
prosthetic valve substitutes (Musci et  al. 2010a, b; 
Yankah et al. 2002). The ESC guidelines also define 
the major predictors of poor outcome in patients with 
IE such as PVE, perivalvular complications, heart 
failure (NYHA class III or IV) and Staphylococcus 

aureus as causative microorganism, which were 
present in 88%, 88%, 71% and 24% of our patients, 
respectively. Furthermore, pseudoaneurysms, pros-
thesis dehiscence and fistulae, that are all known to be 
associated with very severe valvular and perivalvu-
lar damage (Habib et al. 2015), were present in 18%, 
12% and 6% of our patients, respectively. The 30-day, 
1-year and 3-year survival rates in the IE group were 
71%, 53% and 47%, respectively. These results are in 
accordance with the outcomes reported by some cent-
ers that, as UHC Zagreb, treat the most complex IE 
patient cases (Musci et  al. 2010a, b). Such patients 
are often admitted with heart failure, renal failure 
or uncontrolled infection following failed antibiotic 
treatment and, in these cases, immediate surgical 
intervention is often required. International working 
group on IE indicated late referral of advanced stage 
IE patients to specialized centers as an important 
issue influencing patients’ outcome (Chambers et al. 
2014). It must be noted that although the average IE 
in-hospital mortality is about 20%, it may be as high 
as 79% if complicated cases are considered (Habib 
et  al. 2015; Chambers et  al. 2014). Therefore, the 
overall CHA implantation results of different centers 
must be interpreted in view of these factors. It also 
must be emphasized that surgical procedure is only 
one step in the treatment of IE. The long-term patient 
outcome is influenced by multiple factors such as ade-
quacy of postoperative antibiotic treatment and man-
agement of postoperative complications. Multicenter 
studies still report 1-year mortality of approximately 
40% for the diagnosis of IE (Pettersson and Hussain, 
2019). In that regard, treatment of complicated IE 
remains challenging and long-term postoperative sur-
veillance of these patients is necessary (David et  al. 
2007).

The second important part of patient results pre-
sented in this study refers to the use of CHA for the 
repair of complex congenital heart defects. In this 
patient group CHAs were used for primary correc-
tion of congenital heart defects or re-operation due 
to previous conduit’s degeneration. In 94% of proce-
dures CHAs were used for reconstruction of RVOT. 
Taken together, satisfactory early results have been 
accomplished and 88% of patients recovered without 
complications during available follow-up. In one neo-
nate, allograft replacement was necessary 29 months 
following implantation due to significant stenosis of 
the conduit. In this patient multiple risk factors that 
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adversely affect graft longevity were present includ-
ing truncus arteriosus, young age and low weight at 
implantation, smaller allograft diameter and extra-
anatomical position of the allograft (Tweddell et  al. 
2000; Rodefeld et  al. 2008; Boethig et  al. 2007). It 
has recently been reported that freedom from rein-
tervention during first decade following allograft use 
for reconstruction of RVOT in patients with congeni-
tal heart diseases ranges from 75 to 82% (Axelsson 
et al. 2021; Willetts et al. 2021; Dekens et al 2019). 
However, these values are expected to be around 50% 
in younger recipients in whom smaller diameter allo-
grafts are used (Boethig et  al. 2007). It is possible 
that these aspects contributed to the early allograft 
degeneration in our patient’s case. Due to short fol-
low-up of patients presented in this study it is obvi-
ous that our results cannot be compared with previ-
ously mentioned outcomes. Nevertheless, promising 
early results of CHA use in this patient group have 
significantly increased the interest of pediatric cardiac 
surgeons at our institution for this type of conduit. As 
a consequence, since 2020 the number of demands 
for allografts at CTB considerably outweighs their 
availability.

In conclusion, the present study provided an over-
view of the results accomplished in banking and use 
of CHAs during ten years of CTB activity. The main 
issues concerning the cardiovascular tissue banking 
have been discussed. The presented patients’ out-
comes following use of CHAs need to be interpreted 
in view of limitations of this study. This primar-
ily refers to the small size of the patient groups and 
heterogenous patients’ characteristics which implies 
that results hold no statistical significance. Neverthe-
less, since the ideal valve substitute, that would have 
an excellent hemodynamic profile and would be free 
from structural degeneration and need for antico-
agulation therapy is still not available, all allograft-
related experience presents valuable data.
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