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Abstract

OBJECTIVES: Infective endocarditis (IE) is a serious and eventually lethal disease with rising incidence in the past couple of decades. The
aim of this study was to evaluate the contemporary epidemiological trends of surgical endocarditis patients, to analyse the clinical out-
comes and to study their profile, associated prognostic factors and costs.

METHODS: This is a retrospective study of all patients admitted for IE in Spanish hospitals and discharged between 1 January 1997 and 31
December 2014. Data were extracted from the minimum basic data set of the National Surveillance System for Hospital Data in Spain pro-
vided by the Spanish Ministry of Health. Hospitalizations, comorbidities, outcomes and costs were analysed.

RESULTS: In total, 34 399 patients with IE were included; 15.7% of patients received surgical treatment and 84.3% received medical treatment
only. Surgical patients were mostly men (71.9%) and had a lower mean age (59.2 ± 16.08 years) than the medical treatment group (P < 0.0001).
Mortality among surgical patients showed a decreasing trend between 1997 (32.0%) and 2014 (22.7%) and increased with age (47.6% in
>_85 years of age). Length of hospital stay and the percentage of patients with organ dysfunction were also higher in this group. The cost of the
surgical treatment group was higher and increased since 1997 (15 259.22 euros), remaining stable from 2010 (40 700 euros) (P < 0.0001).

CONCLUSIONS: Surgical treatment in IE has trended upwards in Spain during the last 2 decades. Patients are getting older and more fre-
quently experience organ dysfunction. Mortality ratio steadily declined without changes in the length of hospital stay.
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INTRODUCTION

Infective endocarditis (IE) is an uncommon disease with a poor
prognosis with rising incidence in the past couple of decades.
The most recent epidemiological study reports an incidence of
3–10 cases per 100 000 persons/year [1–8]. The prognosis has not
improved despite the improvements in the diagnosis and treat-
ment, and nowadays, mortality rate remains high in spite of recent

medical and surgical advances. Mortality is 15–50% depending on
the series [7, 9–11], and this is probably due to an increase in mi-
crobiological resistance, comorbidities and association with
healthcare [1, 2, 12].

The latest guidelines of the European Society of Cardiology
(ESC) endorsed by the European Association for Cardio-Thoracic
Surgery (EACTS) on IE contemplate the management of IE by the
endocarditis team. An appropriate team approach aims at reduc-
ing antimicrobials and surgery. In some cases, as peripheral an-
eurysms, percutaneous approaches are required [13–15].

†Presented at the 31st Annual Meeting of the European Association for Cardio-
Thoracic Surgery, Vienna, Austria, 7–11 October 2017.

VC The Author(s) 2018. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.

Interactive CardioVascular and Thoracic Surgery 27 (2018) 498–504 ORIGINAL ARTICLE
doi:10.1093/icvts/ivy127 Advance Access publication 12 April 2018

D
ow

nloaded from
 https://academ

ic.oup.com
/icvts/article/27/4/498/4969300 by guest on 05 M

arch 2021



Surgical treatment (ST) is performed in diverse proportions ac-
cording to different studies. One possible explanation includes
sample sizes, lack of homogeneity and different study designs.
Surgical indications are well defined in the guidelines, and the
main indication for surgery is heart failure [3, 5, 6, 16, 17].
Surgery is a part of an effective treatment in IE and provides
good results in the short term, medium term and long term.
Different studies analyse the impact of early surgery on out-
comes. Case–control studies and a single randomized study
aimed to elucidate this. However, heterogeneity is an issue and
makes the interpretation of results difficult [18–20].

Epidemiological studies have some limitations but are useful
for the understanding of the history of the disease. There is
scarce information on the epidemiology of the ST of EI in Spain.
The aim of this study was to define the current profile of IE, the
need for ST and analyse the cost of surgery.

METHODS

Study design

This is a retrospective study of all patients admitted for IE in hos-
pitals in Spain and were discharged between 1 January 1997 and
31 December 2014.

Data collection

Data were extracted from the basic minimum data set (BMDS) of
the National Surveillance System for Hospital Data in Spain pro-
vided by the Spanish Ministry of Health [in Spanish ‘Conjunto
Minimo Basico de Datos’ (CMBD)]. The BMDS (also called nation-
al registry of hospital discharges) is the largest database of clinical
data on hospitalized patients in the country and the most impor-
tant source of treated morbidity data [21]. BMDS provides valu-
able although limited information on multiple healthcare-related
topics.

Informed consent was waived as this is a retrospective study
based on public data. Data collected from the BMDS were
encoded to avoid duplicity and were dissociated from any infor-
mation that could uncover the identity of the patients. The mini-
mum basic data set provides the encrypted patient identification
number, gender, date of birth, dates of hospital admission and
discharge, medical institutions providing the services, the diagno-
sis and procedure codes according to the International
Classification of Diseases 9th edition, Clinical Modification (ICD-
9-CM) and the outcome at discharge [22].

Case identification

Cases were identified using the ICD-9CM code for IE (421, acute
and subacute endocarditis) among the discharges between 1
January 1997 and 31 December 2014. All Spanish hospitals record
the ICD-9CM codes for the main diagnosis and comorbidities of
each patient on BMDS (see Supplementary Material, Appendix
A1–A4). Demographic data (sex and age), presence of comorbid-
ities, associated organ dysfunction, Charlson’s index and mortality
data were extracted from the minimum basic data set.

The study period was arbitrarily divided into calendar years
and 4 calendar periods (1997–1999, 2000–2004, 2005–2009 and
2010–2014). The primary end point was ST. Secondary end

points were length of hospital stay (LOHS), years of potential life
lost and cost related to endocarditis. We divided the study sam-
ple into 2 groups: patients undergoing ST and non-surgical (NS).
Mortality by years and periods was calculated to understand the
trends. We analysed the correlation between age and type of
treatment as well as the mortality between groups.

LOHS was calculated as the number of days from admission
(Day 0) to discharge or death at any time during the treatment.
When patients were admitted and discharged the same day,
1 day of stay was assigned. Mean stay was estimated for the total
group and separately by survival, year, type of treatment and

Table 1: Clinical, epidemiological and microbiological char-
acteristics of patients with infective endocarditis who received
surgical treatment versus medical treatment

Medical
treatment

Surgical
treatment

Number of patients
All period 28 985 (84.3) 5414 (15.7)
1997–1999 3724 (12.8) 515 (9.5)
2000–2004 6785 (23.4) 1190 (22.0)
2005–2009 8416 (29.0) 1658 (30.6)
2010–2014 10 060 (34.7) 2051 (37.9)

Age (years) 62.31 ± 18.80 59.25 ± 16.08
Gender

Male 19 150 (66.07) 3895 (71.94)
Female 9835 (33.93) 1518 (28.04)
Unknown 0 (0.00) 1 (0.02)

Underlying condition
Ischaemic heart disease 1368 (4.7) 257 (4.7)
Heart failure 6833 (23.6) 1738 (32.1)
Peripheral vascular disease 1362 (4.7) 332 (6.1)
Stroke 1243 (4.3) 169 (3.1)
Dementia 452 (1.6) 11 (0.2)
Chronic lung disease 4052 (14.0) 746 (13.8)
Rheumatic disease 484 (1.7) 70 (1.3)
Mild liver disease 1386 (4.8) 136 (2.5)
Mild-to-moderate DM 4110 (14.2) 605 (11.2)
DM with chronic complications 1105 (3.8) 122 (2.3)
Hemiplegia 514 (1.8) 94 (1.7)
Chronic renal disease 1641 (5.7) 260 (4.8)
Moderate-to-severe liver disease 772 (2.7) 72 (1.3)

Charlson index
Valor medio 1.14 ± 1.41 1.00 ± 1.13
0 11 851 (40.9) 2162 (39.9)
1 8651 (29.8) 1889 (34.9)
2 4756 (16.4) 869 (16.1)
>2 3727 (12.9) 494 (9.1)

Acute organ dysfunction
Cardiovascular 436 (1.5) 141 (2.6)
Haematological 1202 (4.1) 310 (5.7)
Hepatic 511 (1.8) 126 (2.3)
Neurological 391 (1.3) 62 (1.1)
Renal 4629 (16.0) 1494 (27.6)
Respiratory 227 (0.8) 357 (6.6)
Metabolic 371 (1.3) 116 (2.1)

Micro-organisms
Gram-positive cocci 2338 (8.1) 313 (5.8)
Gram-negative bacilli 1426 (4.9) 340 (6.3)
Anaerobes 19 (0.1) 8 (0.1)
Fungi 151 (0.5) 44 (0.8)

Readmission 5793 (20.0) 562 (10.4)
Emergency admission 24 659 (85.07) 3647 (67.36)
Exitus 5737 (20.1) 1396 (26.0)

Values are expressed as absolute n (%) and mean ± standard deviation.
DM: diabetes mellitus.
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age. Costs were calculated by diagnosis-related group, which
classifies inpatients into groups based on their diagnosis and at-
tributes a specific hospital cost to each group. Diagnosis-related
group data were extracted from the minimum basic data set. All
costs shown were adjusted for the increment of the inflation in
the same period in Spain.

Statistical analysis

Categorical variables are expressed as absolute and relative (%) fre-
quencies, and continuous variables were expressed as the mean
and standard deviation. Differences between groups were com-
pared using the t-test with continuous variables and using the v2

test or Fisher’s exact test with categorical variables. Statistical signif-
icance was established as P <_ 0.05. Incidence and mortality rates
were calculated for patients with a diagnosis of IE by year (1997–
2014), which allowed assessing tendencies during the study period.
The incidence and mortality associated with IE were calculated by
year and by age group, for the total group, the ST and NS groups
and by gender. Therefore, age- and gender-adjusted analysis of in-
cidence and mortality were performed. The number of events
within each calendar year was used as a numerator, and the num-
ber of persons at risk within each calendar year as the denomina-
tor [the number of persons registered in the census of Spain
(National Statistics Institute; http://www.ine.es/)]. All statistical pro-
cedures were performed using the SPSS 21.0 software (IBM Corp.
Released 2012. IBM SPSS Statistics for Windows, Version 21.0.
Armonk, NY, USA: IBM Corp.).

RESULTS

Patient characteristics

From 1997 to 2014, 34 399 IE patients were diagnosed in Spain.
The incidence per 100 000 inhabitants was 3.17% in 1997
and 5.56% in 2014. It was more prevalent in men. ST was
performed in 5414 (15.7%) patients and medical treatment in
28 985 (84.3%). Patients who underwent ST were younger
(59.2 ± 16.08 years ST and 62.3 ± 18.8 years NS, P < 0.0001), had
less comorbidities and a lower Charlson index (1.00 ± 1.13 ST
and 1.14 ± 1.41 NS, P < 0.0001), with more organ dysfunction,
mainly renal failure (27.6%). Mortality in the ST group was
higher (26.0% ST vs 20.1% NS). ST patients had a 30-day read-
mission rate lower than the NS patients (10.4% ST vs 20.0% NS)
(Table 1).

The percentage of patients who underwent ST increased from
11.7% in 1997 to 17.8% in 2014; P < 0.05 (Fig. 1A). In all age
groups, ST was less frequent. In 2 age groups, slightly above
mean percentages were observed: in children younger than 5
years (17.3%) and in patients aged between 45 (20.7%) and 64
(21.3%) years (Fig. 1B). The NS patients were significantly older
and had more comorbidities than ST patients. There was also a
trend towards a higher incidence of New York Heart
Association (NYHA) Class IV and congestive heart failure among
ST patients (Table 2). The most common micro-organisms in-
volved were Gram-negative bacilli (340; 6.3%), followed by
Gram-positive cocci (313; 5.8%), fungi (44; 0.8%) and anaerobes
(8; 0.1%).

Figure 1: Percentage of patients with infective endocarditis, who were operated and not operated and mortality in Spain from 1997 to 2014. (A) Evolution over time,
(B) evolution by age, (C) evolution of mortality and (D) mortality by age.
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Overall mortality was higher in the surgical group (surgical 26.0%
vs NS 20.1%). During the study, there was a decrease in mortality
in the surgical group (32.7% in 1997 to 22.0% in 2014) (Fig. 1C).
Although mortality in the NS group increased slightly (14.9% in
1997 to 21.1% in 2014). Another relevant issue was that the mortal-
ity of patients undergoing surgery increased with age, reaching
47.6% in those older than 85 years (Fig. 1D).

Evolution of length of hospital stay and cost of
patients with infective endocarditis

The mean length of hospital stay during the study increased
slightly in the surgical group (37.5 days in 1997 to 40.1 days in
2014) when compared with a decrease in the medical treatment
group (27.2 days in 1997 to 23.1 days in 2014) (Fig. 2A). The
mean length of stay was higher in the surgical group, with the
highest being observed in the group of children younger than
5 years (57.6 days ST) (Fig. 2B).

Regarding the cost per patient and year, it was higher in those
who received ST during the whole period analysed and experi-
enced a considerable increase from 15 259.22 euros/patient in
1997 to 39 317.70 euros/patient in 2014. The maximum cost was
observed in 2010 (40 000 euros/patient), remaining stable until
2014. In the NS group, costs also increased but in a lower pro-
portion, from 5630.61 euros/patient in 1997 to 9851.46 euros/
patient in 2014 (Fig. 2C). The greatest differences in costs were
observed in patients aged between 70 and 85 years (ST 35 000
euros vs NS 12 000 euros) and in children younger than 5 years
(ST 33 000 euros vs NS 12 000 euros) (Fig. 2D). The mean cost for
surgical patients during the study was 30 073.10 ± 18 383.78 euros
and 9257.73 ± 8541.72 euros in the medical group.

DISCUSSION

In our study—which included all cases of IE registered between
1997 and 2014—the incidence of IE in Spain increased (from 3.17%
in 1997 to 5.56% in 2014), as well as the mean age of these patients,

Table 2: Epidemiological, clinical and microbiological characteristics of patients with infective endocarditis who received surgical
treatment versus medical treatment in Spain during 1997–2014

1997–1999 2000–2004 2005–2009 2010–2014

Non-surgery Surgery Non-surgery Surgery Non-surgery Surgery Non-surgery Surgery

Number of patients 3724 (87.85)a 515 (12.15)a 6785 (85.08)a 1190 (14.92)a 8416 (83.54)a 1658 (16.46)a 10 060 (83.06)a 2051 (16.93)a

Gender
Male 2573 (69.1) 370 (71.8) 4484 (66.1) 861 (72.4) 5464 (64.9) 1192 (71.9) 6629 (65.9) 1472 (71.8)
Female 1151 (30.90) 145 (28.15) 2301 (33.91) 328 (27.56) 2952 (35.07) 466 (28.10) 3431 (34.10) 579 (28.23)
Unkown 0 (0.00) 0 (0.00) 0 (0.00) 1 (0.08) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Age (years) 53.04 ± 20.37 53.53 ± 16.71 59.46 ± 18.81 58.03 (16.03) 62.96 ± 18.26 59.36 ± 15.66 67.12 ± 16.94 61.31 ± 15.87
Comorbid condition

Ischaemic heart disease 102 (2.7) 15 (2.9) 323 (4.8) 67 (5.6) 466 (5.5) 83 (5.0) 477 (4.7) 92 (4.5)
Heart failure 588 (15.8) 105 (20.4) 1364 (20.1) 373 (31.3) 1988 (23.6) 532 (32.1) 2893 (28.8) 728 (35.5)
Peripheral vascular disease 76 (2.0) 15 (2.9) 288 (4.2) 55 (4.6) 417 (5.0) 96 (5.8) 581 (5.8) 166 (8.1)
Stroke 126 (3.4) 19 (3.7) 324 (4.8) 24 (2.0) 317 (3.8) 49 (3.0) 476 (4.7) 77 (3.8)
Dementia 32 (0.9) 1 (0.2) 107 (1.6) 3 (0.3) 120 (1.4) 4 (0.2) 193 (1.9) 3 (0.1)
Chronic lung disease 278 (7.5) 40 (7.8) 749 (11.0) 157 (13.2) 1255 (14.9) 241 (14.5) 1770 (17.6) 308 (15.0)
Rheumatic disease 31 (0.8) 4 (0.8) 93 (1.4) 12 (1.0) 172 (2.0) 23 (1.4) 188 (1.9) 31 (1.5)
Mild liver disease 118 (3.2) 13 (2.5) 283 (4.2) 18 (1.5) 441 (5.2) 47 (2.8) 544 (5.4) 58 (2.8)
Mild-to-moderate DM 271 (7.3) 31 (6.0) 811 (12.0) 113 (9.5) 1290 (15.3) 203 (12.2) 1738 (17.3) 258 (12.6)
DM with chronic complications 50 (1.3) 9 (1.7) 200 (2.9) 12 (1.0) 338 (4.0) 40 (2.4) 517 (5.1) 61 (3.0)
Hemiplegia 48 (1.3) 7 (1.4) 105 (1.5) 19 (1.6) 123 (1.5) 15 (0.9) 238 (2.4) 53 (2.6)
Chronic renal disease 255 (6.8) 31 (6.0) 547 (8.1) 95 (8.0) 609 (7.2) 93 (5.6) 230 (2.3) 41 (2.0)
Moderate-to-severe liver disease 67 (1.8) 4 (0.8) 152 (2.2) 14 (1.2) 238 (2.8) 18 (1.1) 315 (3.1) 36 (1.8)

Charlson index
Valor medio 0.72 ± 1.10 0.69 ± 1.02 1.05 ± 1.37 0.97 ± 1.12 1.21 ± 1.44 1.00 ± 1.09 1.30 ± 1.46 1.10 ± 1.16
0 2171 (58.3) 286 (55.5) 3089 (45.5) 499 (41.9) 3245 (38.6) 665 (40.1) 3346 (33.3) 712 (34.7)
1 883 (23.7) 155 (30.1) 1886 (27.8) 397 (33.4) 2562 (30.4) 558 (33.7) 3320 (33.0) 779 (38.0)
2 396 (10.6) 43 (8.3) 961 (14.2) 188 (15.8) 1406 (16.7) 288 (17.4) 1993 (19.8) 350 (17.1)
>2 274 (7.4) 31 (6.0) 849 (12.5) 106 (8.9) 1203 (14.3) 147 (8.9) 1401 (13.9) 210 (10.2)

Acute organ dysfunction
Cardiovascular 41 (1.1) 13 (2.5) 82 (1.2) 32 (2.7) 132 (1.6) 37 (2.2) 181 (1.8) 59 (2.9)
Haematological 106 (2.8) 19 (3.7) 246 (3.6) 60 (5.0) 351 (4.2) 101 (6.1) 499 (5.0) 130 (6.3)
Hepatic 33 (0.9) 7 (1.4) 89 (1.3) 16 (1.3) 163 (1.9) 25 (1.5) 226 (2.2) 78 (3.8)
Neurological 33 (0.9) 10 (1.9) 96 (1.4) 17 (1.4) 112 (1.3) 11 (0.7) 150 (1.5) 24 (1.2)
Renal 300 (8.1) 78 (15.1) 820 (12.1) 261 (21.9) 1402 (16.7) 449 (27.1) 2107 (20.9) 706 (34.4)
Respiratory 25 (0.7) 22 (4.3) 52 (0.8) 70 (5.9) 82 (1.0) 131 (7.9) 68 (0.7) 134 (6.5)
Metabolic 13 (0.3) 5 (1.0) 44 (0.6) 19 (1.6) 107 (1.3) 27 (1.6) 207 (2.1) 65 (3.2)

Micro-organisms
Gram-positive cocci 192 (5.2) 14 (2.7) 569 (8.4) 58 (4.9) 768 (9.1) 113 (6.8) 809 (8.0) 128 (6.2)
Gram-negative bacilli 110 (3.0) 13 (2.5) 253 (3.7) 44 (3.7) 427 (5.1) 101 (6.1) 636 (6.3) 182 (8.9)
Fungi 17 (0.5) 2 (0.4) 31 (0.5) 16 (1.3) 43 (0.5) 11 (0.7) 60 (0.6) 15 (0.7)

Emergency admission 3205 (86.1) 344 (66.8) 5777 (85.1) 794 (66.7) 7181 (85.3) 1093 (65.9) 8496 (84.5) 1416 (69.0)
Readmission 614 (16.5) 57 (11.1) 1234 (18.2) 108 (9.1) 1684 (20.0) 170 (10.3) 2261 (22.5) 227 (11.1)
Exitus 610 (16.7) 151 (29.3) 1273 (18.9) 341 (28.8) 1749 (21.0) 392 (23.7) 2105 (21.4) 512 (25.3)

Values are expressed as absolute n (%) and mean ± standard deviation.
aPercentage calculated based on the total cases of endocarditis in each period of time.
DM: diabetes mellitus.
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and similar results in Europe have been reported by other authors
in smaller series [2, 6]. Data from the Danish registry, in the same
period time, reported an incidence of 3.93 and 7.55 cases per
100 000/persons/year [1]. This increase in incidences and age may
be related to an improvement in diagnostic techniques and a
change in the profile of patients. They are older, present with more
comorbidities and present with healthcare-related IE [1, 6, 23, 24].
These ranges, however, vary widely, reaching 12.7% [3]. When analy-
sing the incidence of IE, it is important to take into consideration
the characteristics of the healthcare centre where the study was
conducted and the design of the study. The International
Collaboration on Endocarditis-Prospective Cohort Study (ICE-PCS)
included data from 25 countries from different continents [25]. This
means the epidemiological characteristics of the sample or differ-
ences in clinical practice may influence the incidence.

One of the most relevant data of our study was the low percent-
age of patients who underwent ST. This percentage increased during
the study period from 11.7% to 17.8% but is lower than reported by
other series in which it reaches 48.2% in the ICE-PCS and 52% or
58.7% in the Euro Heart Survey [26]. Nevertheless, other authors re-
ported lower rates 22.8% or 9.6% [6]. These differences may be due
to the fact that some of the studies were carried out in reference
centres where very ill patients were referred, and therefore, the per-
centage of patients who underwent ST was higher [2, 3, 25].

The results observed in terms of in-hospital mortality vary ac-
cording to the type of centre and the experience of the teams in
the treatment of endocarditis. In the Spanish dataset, we ob-
served that mortality decreased throughout the study (32.7% in

1997 vs 22.0% in 2014); however, it was higher than those re-
ported by other groups. This might be explained by variability in
the characteristics of patients, such as age, comorbidities and
Charlson index at diagnosis [2, 7, 10]. Data published by the Euro
Heart Survey show lower mortality for both groups; mortality
among the patients treated medically was 10.4% and 15.6% in
the surgical group. Recently, Olmos et al. [26] reported a mortali-
ty rate of 28.6% in a study carried out in 3 reference centres for
endocarditis patients in Spain.

As reported in the results, the percentage of patients with full
microbiology documentation was low. The most common mi-
cro-organisms were Gram-negative bacilli (6.3%). From the cur-
rent database, it is unlikely that the impact of specific pathogens
on surgical patients can be appropriately assessed. It is agreed
that this is a major limitation with administrative databases. On
the other hand, substantial information on other specific vari-
ables in IE has been collected.

The mean hospital stay for both treatment groups varied a little
during the study period, and the percentage of patients with dys-
function of any organ increased. The costs for both groups, and
mainly in the surgical group, increased considerably. This was re-
lated to the profile of patients who were operated on in which the
age increased discreetly (53.5–61.3%), and, as we have indicated,
the percentage of dysfunction organs increased. The treatment
of patients who present with organ dysfunction increases the
cost associated with healthcare [9, 27]. These patients require
intensive care more frequently and need combination therapies
more often.

Figure 2: Evolution of length of hospital stay and cost of patients with infective endocarditis, who were operated on and not operated in Spain between 1997 and
2014. (A) Mean length of hospital stay per patient for surgical treatment and non-surgical treatment by study period, (B) mean length of hospital stay per patient for
surgical treatment and non-surgical treatment by age group, (C) mean cost per patient for surgical treatment and non-surgical treatment by year and (D) mean cost
per patient for surgical treatment and non-surgical treatment by age group.
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On cost issues, the maximum expenditure recorded was in
2010 (40 000 euros/patient). From 2010 to 2014, the cost seems
to stay stable, and it is possible that the economic crisis has some
influence [21, 28]. With each passing decade, healthcare has con-
sumed a larger share of gross domestic product (GDP). In the
USA, the healthcare expenditure share of GDP more than tripled
between 1960 and 2004, as it rose from 5.2% to 16.0% of GDP. In
Spain, during the period of study, health spending consumption
of GDP did not increase, and during the economic crisis, be-
tween 2009 and 2014, it dropped from 6.7% to 6.0% of GDP [21].

When we compare the results of our study with other pub-
lished studies, it is important to take into account that data on
clinical presentation, complications and outcomes are mainly ob-
tained from series collected over prolonged periods, in single
centres or over shorter periods in multicentre, multinational
studies from selected centres. Consequently, they do not neces-
sarily represent the current situation of a whole country.

Most epidemiological studies on IE involve case series of refer-
ral centres encountering selection bias [29]. Population-based in-
vestigations are more accurate, but well-conducted prospective
studies are few [25], study designs are often inaccurate, under-
sized or lack important clinical data, criteria for definite diagnosis
are not always clear and follow-up data sometimes incomplete,
as highlighted in recent meta-analysis [30].

Limitations

This study has important limitations related with the type of the
design. It is clear that administrative databases have a number of
limitations due to the type of coding and amount of information
stored and should only be used for pure descriptive analysis. No
clinical extrapolations must be inferred from those administrative
databases. Other important limitations of this study in terms of
incidence calculation are potential errors in the transcription of
the diagnosis of IE into the corresponding ICD code. Regarding
the aetiology of the disease, the microbiological profile of pa-
tients could not be determined, as microbiological test results
were not appropriately documented on the CMBD. Microbiology
findings have been documented in only 15% of the patients en-
rolled in the database, and therefore, it is not possible to know
the eventual influence of microbiology in surgical patients. It
should also be taken into account that we estimated mortality re-
lated to admissions for IE. As to the cost per patient, the limita-
tion is that it was calculated only for the duration of hospital stay.

CONCLUSION

ST in IE has trended upwards in Spain during the last 2 decades.
Patients are getting older and more frequently experience organ dys-
function. Mortality ratio steadily declined without changes in the LOHS.

SUPPLEMENTARY MATERIAL

Supplementary material is available at ICVTS online.
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