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RESEARCH ARTICLE                                            

In Nordic countries 30-day mortality rate is half that estimated with EuroSCORE 
II in high-risk adult patients given aprotinin and undergoing mainly complex 
cardiac procedures
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ABSTRACT 
Objectives. To describe current on- (isolated coronary arterty bypass grafting, iCABG) and off-label 
(non-iCABG) use of aprotinin and associated safety endpoints in adult patients undergoing high-risk 
cardiac surgery in Nordic countries. Design. Data come from 10 cardiac surgery centres in Finland, 
Norway and Sweden participating in the European Nordic aprotinin patient registry (NAPaR). Results. 
486 patients were given aprotinin between 2016 and 2020. 59 patients (12.1%) underwent iCABG and 
427 (87.9%) non-iCABG, including surgery for aortic dissection (16.7%) and endocarditis (36.0%). 89.9% 
were administered a full aprotinin dosage and 37.0% were re-sternotomies. Dual antiplatelet treatment 
affected 72.9% of iCABG and 7.0% of non-iCABG patients. 0.6% of patients had anaphylactic reactions 
associated with aprotinin. 6.4% (95 CI% 4.2%–8.6%) of patients were reoperated for bleeding. Rate of 
postoperative thromboembolic events, day 1 rise in creatinine >44lmol/L and new dialysis for any 
reason was 4.7% (95%CI 2.8%–6.6%), 16.7% (95%CI 13.4%–20.0%) and 14.0% (95%CI 10.9%–17.1%), 
respectively. In-hospital mortality and 30-day mortality was 4.9% (95%CI 2.8%–6.9%) and 6.3% (95%CI 
3.7%–7.8%) in all patients versus mean EuroSCORE II 11.4% (95%CI 8.4%–14.0%, p< .01). 30-day mor
tality in patients undergoing surgery for aortic dissection and endocarditis was 6.2% (95%CI 0.9%– 
11.4%) and 6.3% (95%CI 2.7%–9.9%) versus mean EuroSCORE II 13.2% (95%CI 6.1%–21.0%, p¼ .11) 
and 14.5% (95%CI 12.1%–16.8%, p¼ .01), respectively. Conclusions. NAPaR data from Nordic countries 
suggest a favourable safety profile of aprotinin in adult cardiac surgery.
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Introduction

According to the European Medicines Agency (EMA) the 
registered indication for aprotinin is prophylactic use to 
reduce blood loss and blood product transfusions in patients 
undergoing isolated coronary artery bypass graft surgery 
(iCABG), who are at high risk of major blood loss [1,2].

Aprotinin, which is a naturally appearing polypeptide, 
inhibits several proteolytic enzymes including plasmin, tryp
sin, and kallikrein. In contrast, the lysine analogues epsilon 
aminocaproic acid (EACA) and tranexamic acid (TXA) 
impede the alteration of plasminogen to plasmin. Aprotinin 
gained clinical interest when Royston and co-workers in 
1987 first reported much less perioperative bleeding with 
aprotinin, and an almost 90% reduction in transfusion rate 
after repeat open-heart surgery [3]. However, as several 

observational studies and one randomised clinical trial 
(BART) about 15 years ago hinted that use of aprotinin 
increased mortality [4–7] as well as renal impairment [4,6] in 
cardiac surgery, the Marketing Authorisation Holder (MAH 
– Bayer) removed the drug from the market in 2007 [8], 
followed by the European Medicines Agency (EMA) decision 
to repeal its European licence in 2008 [9]. Nevertheless, after 
a re-examination in 2010 of the data that led to aprotinin’s 
withdrawal, the EMA recommended lifting its suspension in 
2012. In 2013, the Committee for Medicinal Products for 
Human Use (CHMP) “concluded that evidence from rando
mised clinical trials and observational studies support the use 
of aprotinin in reducing the incidence of massive bleeding, 
the need for transfusion of blood products and the need for 
re-surgery for bleeding;” [10]. CHMP also “concluded that 
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the BART data and the signal on increased mortality associ
ated with aprotinin compared to EACA and TXA were not 
considered reliable, based on the totality of evidence now 
available since the review of aprotinin undertaken in 2007, 
including more recent observational studies, the new analysis 
of the BART study data and they identified major study flaws, 
and taking the advice of the scientific advisory board (SAG) 
into account.” [10]. Therefore, the CHMP determined that 
“the balance of risks and benefits for aprotinin is positive 
under normal conditions of use, subject to the revision of the 
indication as described” [10] above. The background for the 
decision has also been discussed elsewhere [11–13]. Finally, 
from February 2016, aprotinin was again introduced in 
Europe, although the EMA required the new MAH (Nordic 
Pharma) to implement a patient registry to monitor its use in 
real-life [10].

A first report of the European Nordic aprotinin patient 
registry (NAPaR) outcome data was published recently to 
describe current on- and off-label use of aprotinin and asso
ciated safety endpoints, including in-hospital mortality, in 
over 5000 adult patients undergoing cardiac surgery from 
83 sites in 9 European countries [14]. The analysis showed 
that the incidence of adverse events subsequent the adminis
tration of aprotinin in patients at high risk of death or blood 
loss undergoing cardiac surgery, including complex cardiac 
surgeries other than iCABG, is comparable to data from 
recent literature where aprotinin was not used. However, in 
comparison with other European countries the participating 
Nordic countries (Sweden, Finland, and Norway) had a much 
high entry rate of non-compulsory data, including 30-day 
mortality and EuroSCORE II data, and mostly used the high 
dose regimen (also called full-Hammersmith).

Thus, the primary aim of this study was to compare 30- 
day mortality data with an estimation of 30-day mortality 
via EuroSCORE II. Secondary aims were to compare a selec
tion of patients, aprotinin regimen and outcome data 
between NAPaR centres in Nordic and other European 
countries regarding other safety outcome parameters.

Material and methods

Data were analysed from 10 cardiac surgery centres in 
Finland, Norway and Sweden that were participating in the 
NAPaR, which is a non-interventional, post-authorization 
safety study (PASS) executed at EMA’s request. Data from 
the Nordic countries were compared with other European 
countries participating in the NAPaR registry, which was 
required for any European centre that wanted to use aproti
nin in cardiac surgery.

The Pharmacovigilance Risk Assessment Committee 
(PRAC) of the EMA specifically asked for data on three aspects 
of adherence to the Summary of Product Characteristics 
(SmPC) regarding test dose, anaphylactic reactions, and acti
vated coagulation time (ACT) during cardiopulmonary bypass 
(CPB) [14]. Adult patients who agreed to take part in the study 
including entry of their anonymised data were included in the 
registry if they had received aprotinin during any type of car
diac surgery using CPB at the involved centres. The treating 

doctors determined if patients were to be given aprotinin based 
on their clinical judgement. The study started when commercial 
aprotinin became available at each centre, from February 2016 
and the data lock point of the registry was November 2, 2020. 
Patients were treated according to the routine clinical practice 
of each centre. Aprotinin was given according to the guidelines 
of the SmPC [1].

Ethics

The study was performed in agreement with the 
Independent Ethics Committees (IECs)/Institutional Review 
Boards (IRBs), the Declaration of Helsinki, and the Good 
Epidemiology and Good Pharmacoepidemiology Practices 
(GEP/GPP) guidelines. As the NAPaR registry was non- 
interventional, EMA did not find it necessary to declare it 
to the relevant IEC/IRB. Despite this, ethical approval of the 
study was given by relevant authorities for each participat
ing hospital in the Nordic countries. The study code is NG- 
APRO-PASS-01.3 with the Swedish Ethical Committee 
Board Number 2015/1976-31.4. Each patient asked to par
ticipate was well informed about aprotinin before possible 
agreement to participate in the study and after signing a 
written agreement, patients could still refuse data collection 
to the registry. The study protocol is available on the 
European Network of Centres for Pharmacoepidemiology 
and Pharmacovigilance website (www.ENCePP.com, EU PAS 
Register number: EUPAS11384).

Statistical analysis

A power calculation was not performed as the NAPaR regis
try was primarily a descriptive study without a control 
group. The analysis corresponded to the procedure and their 
matching mean European System for Cardiac Operative 
Risk Evaluation (EurosSCORE II): iCABG versus non- 
iCABG, surgery in patients with active endocarditis, and 
surgery for aortic dissection.

Categorical variables are presented as numbers and per
centages and quantitative variables are presented as mean, 
and standard deviation (SD) when normally distributed 
otherwise as median and interquartile range (IQR). 
Comparisons were made with Student-t, Chi2 or Fisher’s 
exact test when appropriate, and we computed the 95% con
fidence interval (CI) with the Wald test. Statistical signifi
cance was set by p< .05 (two-sided). Statistical analyses 
were performed with SPSS version 24 for Windows (IBM 
SPSS Statistics, NY, US).

Outcomes

The European System for Cardiac Operative Risk Evaluation 
(EuroSCORE) II was finalised before each procedure to esti
mate the risk of postoperative death [15]. Aprotinin safety 
was assessed by in-hospital and 30-day mortality, as well as 
myocardial infarction, stroke, or other reported thrombo
embolic events (TEEs); renal impairment based on acute 
kidney injury (AKI) defined as pre- to postoperative rise in 
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plasma creatinine level >44 mmol/l (0.5 mg/dL) or new renal 
replacement therapy (dialysis); any hypersensitivity or allergic 
response to aprotinin; and re-exploration for bleeding/tam
ponade. Change in plasma creatinine was used because it 
enabled comparisons with prior publications showing renal 
injury [4].

Data collection

NAPaR data were collected and registered into an electronic 
web-based record form accessible worldwide. NAPaR fol
lowed the template of the reports of the European 
Association for Cardio-Thoracic Surgery [16]. The design of 
the registry and comparisons to published data have been 
described in detail before [14].

Role of the funding source

The study sponsor (Nordic Group B.V.) did not have any 
impact or influence on the selection of surgery centres that 
wished to participate, on the inclusion of patients, on the ana
lysis of data and on the results and conclusions reported in 
this article.

Results

From 2016 to 2020, 486 adult patients undergoing cardiac 
surgery with cardio-pulmonary bypass were treated with 
aprotinin in the Nordic countries of Finland, Norway, 
and Sweden, whereby altogether 10 centres participated in 

the NAPaR registry. Table 1 describes the pre-, intra- and 
postoperative variables of the 486 patients from the 
Nordic countries and a comparison with the 4823 NAPaR 
patients from other European countries [14] after subtrac
tion of the patients from the Nordic countries. The mean 
age of Nordic patients, 59.8 ± 14.6 years, was lower than in 
other European countries (62.6 ± 14.8, p< .01), with 9.9% 
of the patients >75 years vs. 19.8% in other European 
countries (p< .05). Only 12.1% of Nordic patients under
went iCABG and most of these, 72.9%, were on dual 
antiplatelet treatment (DAPT) compared with 27.1% 
(p< .01) and 18.9% (p< .01) in other European countries, 
respectively. On the other hand, the two most frequent 
procedures in the Nordic countries were surgery for 
endocarditis (36.0%) and aortic dissection (16.7%), com
pared with significantly lower incidences, 8.7% (p< .01) 
and 12.1% (p< .01), respectively, in the other European 
countries. Also, the incidence of the Full Hammersmith 
regimen of aprotinin was higher in the Nordic countries 
(89.9%, p< .01) compared with the other European coun
tries (50.2%, p< .01). Operation urgency differed between 
the two groups with almost one quarter of procedures 
being elective (26.3%) in Nordic countries, compared with 
more than half of surgeries in other European countries 
(54.6%, p< .01). Incidence for urgent, emergent and sal
vage procedures were 51.9%, 17.0% and 4.9%, respectively, 
in Nordic countries compared with 27.3% (p< .01), 16.9% 
(n.s.), and 1.2% (p< .01), respectively, in other European 
countries. Prevalence of outcome variables including in 
hospital mortality, re-exploration for bleeding, anaphylactic 
reactions, postoperative thromboembolic events, permanent 
stroke, or myocardial infarction did not differ significantly 
between the two groups, except for new AKI and new 
dialysis for any reason, which were significantly higher in 
the Nordic countries.

The transfusion rate of packed red blood cells (PRBC) 
until 48 h after surgery for all patients in the Nordic coun
tries was 61.1% (326/486 patients) with corresponding 
median PRBC volume of 500 ml (25th/75th percentile: 0 ml/ 
1005 ml, range: 0–13,859 ml).

In the Nordic countries only 59 patients underwent 
iCABG with a mean EuroSCORE II of 7.9 ± 10.7, and 8.5% 
of the iCABG procedures were elective, 63.0% urgent, 28.8% 
emergent and 1.7% salvage. The in-hospital and 30-day 
mortality of iCABG were 5.1% (3/59) and 8.5% (5/59), 
respectively. Seven of the 59 (11.9%) iCABG patients were 
in cardiogenic shock and 3 of these patients died within the 
hospital stay. In comparison, the in-hospital mortality of 
iCABG was 1.1% (14/1259, p< .05) in other European 
countries [14].

In Table 2, the variables of patients in the NAPaR regis
try not undergoing iCABG, the licenced indication for apro
tinin by the European Medical Agency, are compared 
between the Nordic (N¼ 427) and other European countries 
(N¼ 3519). There were similar significant differences 
between the two groups as when all patients were compared 
(Table 1) except for two outcome variables. The prevalence 
of in hospital mortality (4.9%) and postoperative 

Table 1. Pre-, intra- and postoperative variables in adult patients exposed to 
aprotinin during cardiac surgery with cardiopulmonary bypass.

Countries Nordic Other European#

N 486 4823
Male 356 (73.3%) 3639 (75.5%)”
Age (years, mean ± SD) 59.8 ± 14.6 62.6 ± 14.8��

>75 years 48 (9.9%) 955 (19.8%)�

Isolated(i) CABG (on-label) 59 (12.1%) 1304 (27.1%)��

Other types of surgery than iCABG 427 (87.9%) 3519 (72.9%)��

Surgery for endocarditis 175 (36.0%) 420 (8.7%)��

Surgery for aortic dissection 81 (16.7%) 579 (12.1%)��

Full Hammersmith regime 437 (89.9%) 2820 (50.2%)��

Previous heart operation 180 (37.0%) 1474 (30.6%)”
Dual antiplatelet treatment (DAPT) 73 (15.0%) 437 (9.1%)�

DAPT in iCABG 43 (72.9%) 257 (18.9%)��

Preop. renal impairment 248 (51.0%) 2420 (50.2%)”
Procedure

Elective 127 (26.1%) 2632 (54.6%)��

Urgent 252 (51.9%) 1315 (27.3%)��

Emergent 83 (17.1%) 813 (16.9%)”
Salvage 24 (4.9%) 58 (1.2%)��

CPB minutes (mean ± SD) 159 ± 80 145 ± 88.8��

Re-exploration for bleeding 31 (6.4%) 253 (5.4%)”
Anaphylactic reactions 3 (0.6%) 9 (0.2%)”
In hospital mortality (death at discharge) 24 (4.9%) 311 (6.7%)”
Postoperative thromboembolic events 23 (4.7%) 284 (6.1%)”
Permanent stroke 15 (3.1%) 115 (2.5%)”
Myocardial infarction 5 (1.0%) 35 (0.7%)”
AKI 81 (16.7%) 543 (11.7%)��

New dialysis - any reason 68 (14.0%) 363 (8.0%)��

AKI: acute kidney injury: AKI was defined by pre-operative to postoperative 
rise in plasma creatinine level > 44 mmol/L (0.5 mg/dL); SD¼ standard devi
ation; �¼ p< .05; ��¼ p< .01;”¼ not significant, #¼ reference 16.
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thromboembolic events (4.9%) were significantly lower in 
the Nordic countries compared with 8.7% (p< .01) and 
7.5% (p< .05), respectively, in the other European countries.

Preoperative renal impairment (creatinine clearance 
<85 mL/min) affected 51.0% of patients in the Nordic coun
tries. The prevalence of AKI and new dialysis for any reason 
was higher in the Nordic countries than other European 
countries for all NAPaR patients, 16.7% vs. 11.7% (p< .01) 
and 14.0% vs. 8.0% (p< .01), respectively, as well as when 
non-CABG patients were compared 16.9% vs. 5.3% (p< .01) 
and 15.9% vs. 10.3% (p< .01). In contrast, postoperative use 
of aminoglycosides was less frequent in the Nordic countries 
(13.1%) than in other European countries (31.3%, p< .01), 
whereas pre- and postoperative use of aminoglycosides or/ 
and one preoperative dose of teicoplanin in Nordic coun
tries (47.5%) was higher compared with postoperative ami
noglycoside use in other European countries 
(31.3%, p< .01).

EuroSCORE II and 30-day mortality data were complete 
for the Nordic countries in contrast with other European 
countries where approximately half the population had 
missing data [14]. According to Figure 1, actual 30-day 
mortality rates in NAPaR patients from the Nordic coun
tries are depicted for patients undergoing (a) all types of 
surgery, (b) aortic dissection surgery, and (c) surgery for 
endocarditis, and were 6.3% (CI 95% 3.7%–7.8%), 6.2% (CI 
95% 0.9%–11.4%) and 6.3% (CI 95% 2.7%–9.9%), in com
parison with 11.4% (CI 95% 8.4%–14.0%, p< .01), 13.2% 
(CI 95%: 6.1%–21.0%, p¼ .11), and 14.5% (CI 95% 12.1%– 
16.8%, p¼ .01), respectively, for the corresponding estimated 
30-day mortality according to EuroSCORE II.

Discussion

The overall purpose of this study was to evaluate whether 
the comparison of outcome data in Nordic countries with 
those of other European countries participating in the 
NAPaR registry may provide further information on the 
safety of aprotinin in patients undergoing cardiac surgery 
with cardiopulmonary bypass. Interestingly, participating 
centres in the Nordic countries significantly more often 
used the full Hammersmith regimen of aprotinin than other 
European countries, 89.9% vs. 50.2% (p< .01), a relative dif
ference of approximately 80%. Even after the exclusion of 
iCABG patients the difference between Nordic and European 
countries remained significant, with 89.0% vs. 69.4% (p< .01) 
of full-dose regimen, with a relative difference of 33%. As the 
effect of aprotinin on postoperative bleeding is dose depend
ent and as higher doses of aprotinin result in less blood loss 
per hour [17], one may theoretically expect better efficacy 
outcomes with the high dose regimen or conversely a higher 
prevalence of complications, if aprotinin use in cardiac sur
gery indeed had an undesirable effect on outcome. Thus, the 
following safety signals are evaluated and discussed: mortality, 
reoperation rate, anaphylactic reactions, thromboembolic 
events including myocardial infarctions, and renal events.

Mortality

The validated EuroSCORE II risk calculation of 30-day mor
tality data were compared with the actual 30-day mortality 
rate of NAPaR patients in Nordic countries as these varia
bles were complete for Nordic countries. The actual 30-day 
mortality rate for all types of surgery was 6.3% (CI 95% 

Table 2. Pre-, intra- and postoperative variables in adult patients exposed to aprotinin during cardiac surgery with cardio-pulmonary bypass other than isolated 
coronary artery bypass surgery.

Countries Nordic Other European

N 427 3519
Male 28 (65.6%) 2365 (67.3%)”
Age (years, mean ± SD) 59.0 ± 15.0 62.6 ± 14.8��

>75 years 44 (10.3%) 679 (19.3%)��

Surgery for endocarditis 175 (41.0%) 420 (11.9%)��

Surgery for aortic dissection 81 (19.0%) 579 (12.1%)��

Full Hammersmith regime 380 (89.0%) 2440 (69.4%)��

Previous heart operation 169 (39.6%) 1416 (40.3%)”
Dual antiplatelet treatment 9 (2.1%) 171 (4.9%)”
Preop. renal impairment 217 (50.8%) 1938 (55.7%)”
Procedure

Elective 121 (28.3%) 1840 (52.3%)��

Urgent 216 (50.6%) 922 (26.2%)��

Emergent 67 (15.8%) 701 (20.0%)�

Salvage 23 (5.4%) 53 (1.5%)��

CPB minutes (mean ± SD) 169 ± 79.2 145 ± 88.8��

Re-exploration for bleeding 29 (6.8%) 220 (6.3%)”
Anaphylactic reactions 0 (0.0%) 8 (0.2%)”
In hospital mortality (death at discharge) 21 (4.9%) 297 (8.7%)��

Postoperative thromboembolic events 21 (4.9%) 255 (7.5%)�

Permanent stroke 14 (3.3%) 105 (3.1%)”
Myocardial infarction 4 (0.9%) 24 (0.7%)”
AKI 72 (16.9%) 204 (5.3%)��

New dialysis - any reason 68 (15.9%) 341 (10.3%)��

Postoperative use of aminoglycosides 56 (13.1%) 1076 (31.3%)��

Pre- and postoperative use of aminoglycosides or/and one preoperative dose of teicoplanin 203 (47.5%)��&

AKI¼ acute kidney injury: AKI was defined by pre-operative to postoperative rise in plasma creatinine level > 44 mmol/L (0.5 mg/dL); SD¼ standard deviation; 
�¼ p< 0.05; ��¼ p< 0.01; ”¼ not significant, &¼when compared with postoperative use of aminoglycosides in European countries other than Nordic countries.
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3.7%–7.8%), in comparison with 11.4% (CI 95% 8.4%– 
14.0%, p< .01) for the corresponding estimated 30-day mor
tality according to EuroSCORE II, a reduction of the 
expected 30-day mortality by approximately 50%. However, 
a similar comparison with EuroSCORE II data and the 
actual 30-day mortality rate of all European countries is diffi
cult to perform as it may be subjected to selection bias with 
almost half this population having missing EuroSCORE II 
data (mean ± SD 10.7% ± 12.7%) and 30-day mortality rates 
have not been presented [14]. Moreover, the 30-day mortality 
of NAPaR patients undergoing surgery for aortic dissection 

in Nordic countries (6.2% (5/81), CI 95% 0.9% to11.4%) 
was less than half the expected rate according to 
EuroSCORE II (13.2%, CI 95% 6.1%–21.0%, p¼ .11), with 
the lack of significance being probably due to a type II 
error (N¼ 81). In comparison, the in-hospital mortality for 
surgery of the unambiguous diagnosis of aortic dissection 
in other European countries was 16.9% (100-5/642-81¼ 95/ 
561, CI 95% 13.1%–19.0%) [14], which was more than twice 
as high in comparison with the 30-day mortality of Nordic 
countries (p< .01), although still comparable with current lit
erature [14]. Furthermore, the 30-day mortality rate for 
NAPaR patients undergoing surgery for endocarditis in the 
Nordic countries showed a similar outcome with approxi
mately halved percentages when compared with the expected 
30-day mortality according to EuroSCORE II (6.3% vs. 
14.5%, p< .01, Figure 1(c)), Also, the in-hospital mortality 
rate of NAPaR patients not undergoing iCABG was signifi
cantly lower in the Nordic countries compared with other 
European countries (4.9% vs. 8.7%, p< .01, Table 2).

In the Nordic countries significantly fewer patients of the 
NAPaR underwent iCABG compared with other European 
countries, 12.1% vs. 27.1%, but they had a higher risk of 
death with a higher EuroSCORE II of 7.9% ± 10.7 vs. 4.6% 
± 6.3 (p< .01). Furthermore, the Nordic countries had a 
much lower rate of iCABG procedures that were elective, 
8.5% vs. 60.8% (p< .01), and consequently 91.5% vs. 39.2% 
(p< .01) non-elective. Moreover, DAPT was much more 
prevalent in NAPaR iCABG patients in the Nordic countries 
(72.9%) than in other European countries (18.9%, p< .01). 
These data indicate that NAPaR patients undergoing iCABG 
in the Nordic countries were highly selected and had a 
much higher risk than in the other European countries. 
This selection bias may fully explain why the in-hospital 
(5.1%) and 30-day mortality (8.5%) of iCABG were signifi
cantly higher in the Nordic countries compared with the in- 
hospital mortality of 1.1% in other European countries [14], 
thus making comparisons virtually futile.

All in all, actual 30-day mortality rates in comparison 
with individually calculated 30-day mortality risk according 
to EuroSCORE II in Nordic countries, as well as compari
sons with in-hospital mortality rates between Nordic and 
other European countries indicate that the use of higher 
dosage of aprotinin in the Nordic versus other European 
countries may possibly be favourable in terms of mortality, 
and most importantly not the other way around.

Reoperation rate

Reoperation rates did not differ significantly between NAPaR 
patients in the Nordic and other European countries (Tables 1
and 2). One may have expected lower reoperation rates in the 
Nordic countries as the full Hammersmith regimen was used 
significantly more frequently in the Nordic countries. On the 
other hand, several other factors that promote bleeding and 
re-operation rates were often significantly more frequent or 
differed in the Nordic countries in comparison with other 
European countries, including higher use of DAPT, higher 
EuroSCORE II values, longer mean duration of CPB, a higher 

Figure 1. 30-day mortality rates (mean ± 95% confidence interval) for (a) all 
patients undergoing non-iCABG, (b) aortic dissection surgery, and (c) surgery 
for endocarditis, respectively, in comparison with corresponding estimated 30- 
day mortality rates according to EuroSCORE II.
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rate of non-elective procedures, as well as a higher rate of sur
gery for aortic dissection and endocarditis. Hence, one could 
speculate that all these listed factors promoting bleeding and 
re-operation may have been counteracted by the more frequent 
use of the full Hammersmith dose regime for aprotinin in the 
Nordic countries.

Anaphylactic/hypersensitivity reaction reactions

Prevalence of anaphylactic/hypersensitivity reactions associ
ated with aprotinin were low and did not differ significantly 
between NAPaR patients in the Nordic countries (0.6%) 
compared to other European countries (0.2%). All patients 
recovered without sequelae and more details including tim
ing have been described earlier [14].

Thromboembolic events (TEEs)

The prevalence of postoperative TEEs (4.7%), permanent 
stroke (3.1%), and myocardial infarction (1.0%) did not differ 
significantly between NAPaR patients in Nordic and other 
European countries before and after the exclusion of iCABG 
patients except for postoperative TEEs, which was lower in the 
Nordic countries (4.9%) compared with in the other European 
countries (7.5%, p< .05). Thus, the effect of a higher use of 
full Hammersmith dosage of aprotinin in the Nordic countries 
had if anything a positive effect on this safety signal.

Renal events

In the literature there is a lack of consensus regarding the 
most appropriate definition of acute renal injury (AKI) fol
lowing cardiac surgery, making comparisons between reports 
using different criteria challenging. The authors followed the 
definition used in the recently published first NAPaR publica
tion [14]. The same AKI criterium was used by two observa
tional studies that noticed an increased AKI rate after 
aprotinin use in cardiac surgery [4,5]. A later study [18] by 
the former group using the same data bank [4] did, however, 
not notice an impaired renal function when evaluating risk 
factors for AKI. Also, the controversial largest randomized 
clinical trial (BART) comparing aprotinin with lysine ana
logues in cardiac surgery did not register an adverse renal 
effect in the aprotinin arm [7]. This was corroborated by the 
authors [19] in a following observational study of patients 
undergoing CABG comparing the use of aprotinin and tran
examic acid. Thus, the possible negative effect of aprotinin in 
cardiac surgery remains debatable although one should keep 
in mind that the renal elimination of aprotinin, normally 
within 4–5 h, is impaired in patients with renal insufficiency 
undergoing CPB [20]. In the present study the prevalence of 
AKI and new renal replacement therapy for any reason was 
significantly higher in the Nordic countries. It is possible that 
this finding may be due to an adverse effect of aprotinin as 
the full Hammersmith regime was used significantly more 
often in the Nordic countries. On the other hand, as 
described above, NAPaR patients in the Nordic countries had 
a higher rate of factors associated with a worse renal outcome 

including the use of DAPT, higher EuroSCORE II values, 
longer mean duration of CPB, a higher rate of non-elective 
procedures, a higher rate of surgery for aortic dissection and 
for endocarditis. Such cases will likewise have a higher rate of 
AKI and renal replacement therapy due to severe fluid over
load independent of their renal function. Also, pre- and post
operative use of aminoglycosides or/and one preoperative 
dose of teicoplanin in Nordic countries was significantly 
higher when compared with postoperative aminoglycoside 
use in other European countries.

Limitations

This study was an observational prospective study lacking dir
ect comparisons with a placebo group or groups treated with 
lysine analogues. Although 30-day mortality rates in Nordic 
countries could be compared with validated EuroSCORE II 
rates, other comparisons were restrained to NAPaR results 
from other European countries or other similar publications of 
outcome and safety signals. Conversely, NAPaR patients and 
especially those in the Nordic countries had a higher rate of 
patients with a greater risk of adverse events than those studies 
having reservations about the safety of aprotinin [4–7]. 
Moreover, EuroSCORE II generally performs well in risk esti
mation, but in some cardiac surgical populations such as 
iCABG and surgeries with the lowest and highest risks its cali
bration is weaker. Other possible limitations include that 
patients selected for aprotinin use differed between countries, 
and different procedures in similar countries may have varying 
clinical outcomes unrelated to aprotinin use.

Conclusions

In Nordic countries, the 30-day mortality rate of patients who 
underwent cardiac surgery and received aprotinin was approxi
mately 50% lower than the calculated 30-day mortality risk 
according to EuroSCORE II. Comparisons between NAPaR 
patients in Nordic and other European countries indicated that 
the use of the higher dosage of aprotinin in the Nordic coun
tries may favourably affect mortality and other safety signals, 
and most importantly not the other way around.
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