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A B S T R A C T

Aims: Non-device related right-sided infective endocarditis (ND-RSIE) is not well characterized. We
aimed to characterize patients with infective endocarditis (IE) with emphasis on the epidemiology,
clinical characteristics and complications of ND-RSIE.
Methods: In this population-based cohort study, we identified patients with IE using ICD-10 codes from
the Danish National Hospital Register in the Region of Southern Denmark between January 2007 and May
2017. Hospital records were reviewed, and characteristics and outcomes recorded.
Results: We included 1243 confirmed IE episodes of which 82% were left-sided IE,11% were cardiac device
right sided infective endocarditis (RSIE) and 7% were ND-RSIE. Patients with ND-RSIE were considerably
younger, had less comorbidity and had a lower 30-day mortality (6%) compared with patients with device
RSIE (24%) and left-sided IE (26%) (p < 0.01). ND-RSIE was associated with underlying heart disease,
involvement of the tricuspid valve (57%), Staphylococcus species (53%) and complications (61%). Forty
percent of ND-RSIE occurred among people who inject drugs (PWID) for whom significant differences
were observed compared with non-PWID with regards to tricuspid valve involvement (96% vs. 32%),
causative microorganisms (Staphylococcus aureus 79% vs. 27%), complications (86% vs. 45%), recurrence
(29% vs. 11%) and 30-day mortality (0% vs. 7%).
Conclusion: ND-RSIE is relatively rare and differs with regards to epidemiology, clinical characteristics
and complications compared with left-sided IE and cardiac device RSIE, but has a favourable prognosis.
Forty percent of ND-RSIE occurs among PWID, which is associated with frequent complications but a very
low mortality.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
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1. Introduction

Infective endocarditis (IE) is one of the most lethal infectious
diseases in the world (Habib et al., 2015; Moreillon and Que, 2004)
with an almost 100% mortality without treatment (Habib et al.,
2015; Thuny et al., 2012; Malekzadeh-Milani et al., 2014; Axelsson
et al., 2014). When treated, short-term mortality is reduced to
5–30% (Thuny et al., 2012; Delahaye et al., 2007). The severity of the
disease depends on localization and microorganisms with right-
sided IE (RSIE) reported to be less severe than left-sided IE (Georges
et al., 2018). In Denmark, the incidence rate of IE has been
estimated to 7.6 per 100,000-person years (PY) with RSIE
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comprising 5–10% (Habib et al., 2015; Georges et al., 2018; Hussain
et al., 2017; Baraki et al., 2013; Mi et al., 2016; Erichsen et al., 2016;
Otome et al., 2016). The vast majority of RSIE cases involve the
tricuspid valve (90%) and the predominant microorganism is
Staphylococcus aureus (Habib et al., 2015; Georges et al., 2018;
Hussain et al., 2017; Baraki et al., 2013; Hussain et al., 2018; Ortiz
et al., 2014; Yuan, 2014). RSIE can be divided into device related-
RSIE in patients with implanted cardiac devices and non-device
related RSIE (ND-RSIE), which primarily occurs among people who
inject drugs (PWID), or patients with catheter-related infections or
congenital heart disease (Habib et al., 2015; Malekzadeh-Milani
et al., 2014; Hussain et al., 2017; Baraki et al., 2013; Mi et al., 2016;
Ortiz et al., 2014; Yuan, 2014; Colville et al., 2016; Sousa et al.,
2012). The incidence of ND-RSIE has increased over the past decade
and is expected to increase even further in the future because of
growing use of peripherally inserted central catheters and
subcutaneous implanted port-a-catheters (Georges et al., 2018;
Yuan, 2014; Colville et al., 2016). In spite of this, data on the
epidemiology and clinical characteristics of ND-RSIE compared to
left-sided IE and device RSIE are sparse (Georges et al., 2018).

Therefore, we initiated this study to describe the epidemiology,
clinical characteristics and prognosis of all patients admitted with
IE to hospitals in the Region of Southern Denmark. We specifically
wanted to compare patients with ND-RSIE to patients with device
Fig. 1. Study enrolment flowchar
RSIE or left-sided IE. Furthermore, we aimed to describe in detail
the associated risk factors, isolated microorganisms and compli-
cations for patients with ND-RSIE.

2. Methods

2.1. Study setting

The Danish health care system is tax-funded and provides free
universal health care for all residents. The Region of Southern
Denmark covers a population of 1.2 million and health care is
provided at one tertiary hospital (Odense University Hospital) and
six community hospitals. Nearly all patients with IE are treated in
corporation with the university hospital and discussed with the
Endocarditis Team, which comprises a cardiologist, an infectious
diseases specialist, a clinical microbiologist and a nuclear medicine
specialist.

2.2. Data linkage

All residents of Denmark are assigned a unique personal
identification number at birth or immigration that is used for all
health contacts and permits unambiguous linkage between health
care administrative registries (Schmidt et al., 2014).
t. IE: infective endocarditis.
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2.3. Danish health care registries

The Danish Civil Registration System (CRS) was established in
1968 and includes information on daily updated vital status and
migration for all citizens in Denmark (Pedersen, 2011). From CRS,
we used data on the date of death if relevant.

The Danish National Patient Registry (DNPR) contains informa-
tion on all hospital admissions in Denmark since 1977. The discharge
diagnoses are classified according to the International Classification
of Diseases, 10th revision (ICD-10 codes) since 1994 (Schmidt et al.,
2015). From DNPR, we used data on ICD-10 codes to identify patients
with potential IE and to identify existing comorbidities.

The Danish Causes of Death Registry (CDR) contains informa-
tion of date and cause of death for all Danish patients deceased
since 1970 and is currently updated until 2015 (Helweg-Larsen,
2011). From CDR, we used data on causes of death.

2.4. Patient cohort

From DNPR we identified all individuals of any ages with a
potential episode of IE using the ICD-10 codes DI33 and DI38–39
(sublevels included) in the Region of Southern Denmark between
January 2007 and May 2017. A recent Danish study has validated
the IE diagnosis in DNPR with a positive predictive value of 0.82
(Sundboll et al., 2016). Next, we performed a systematic review of
all hospital records to confirm a diagnosis of IE and to record the
location of IE as ICD-10 codes are not specific for right or left sided
IE. Patients with concomitant left and right sided IE was classified
as having left-sided IE because of the poorest prognosis. RSIE was
further divided into device- and ND-RSIE. Device RSIE was defined
as an infection extending to the electrode lead of a pacemaker or an
implantable cardioverter defibrillator. If the treating physicians did
not suspect a cardiac device to be infected and did not treat it as a
device RSIE, it was considered to be ND-RSIE. For patients with ND-
RSIE the following data were registered: injection drug use (IDU),
congenital heart disease, co-morbidities, results of blood cultures,
complications (e.g. pulmonic abscess) and extra cardiac manifes-
tations (e.g. spondylodiscitis). The systematic review of hospital
records was performed by one person (HL) and discussed with a
specialist in cardiology (SG) and a specialist in infectious diseases
Table 1
Characteristics at first admission for 1144 patients admitted with 1243 infectious endoca
2017

Characteristic All IE Left-sided IE 

n (%) n (%) 

Patients 1144 (100) 945 (83) 

Sex 

Male 776 (68) 636 (67) 

Age, years 

Median (IQR) 72 (61–80) 73 (63–80) 

No. of IE episodes per patient 

1 1068 (93.3) 887 (93.9) 

2 64 (5.6) 48 (5.1) 

3 10 (0.9) 8 (0.8) 

4 1 (0.1) 1 (0.1) 

5 1 (0.1) 1 (0.1) 

Charlson Comorbidity Index 

0 321 (28) 254 (27) 

1–2 386 (34) 320 (34) 

>2 437 (38) 371 (39) 

Mortality
30-Day mortality 280 (25) 246 (26) 

No.: number, IE: infectious endocarditis, RSIE: right-sided infectious endocarditis, IQR:
(IJ) in case of unclear interpretation of the hospital records. To
validate data, we recorded all baseline characteristics, dates and
complications twice and found no inconsistencies.

2.5. Statistical methods

The data were registered in a Research Electronic Data Capture
(REDCap) database. Data were described in contingency tables
with continuous variables as medians with interquartile ranges
(IQR) and categorical variables as proportions (percentages).
Comparisons were made with the Wilcoxon rank sum test, the
χ2 test or Fisher's exact test as appropriate. The Charlson
Comorbidity Index (CCI) was constructed based on discharge
diagnoses up to 10 years before first IE admission in the study
period. The CCI scores were categorized into three levels of
comorbidity: 0 (low); 1–2 (moderate); 3 or more (high) (Charlson
et al., 1987). Crude IE incidence rates were calculated as the
numbers of first IE episodes divided by the total population of the
Region of Southern Denmark per year and presented per 100,000
PY with 95% confidence intervals (CI). The recurrence rate was
calculated as the number of recurrences among PWID and ND-RSIE
and presented per 100 PY with 95% CI. Cumulative mortality was
evaluated by Kaplan–Meier survival curves and log rank statistics
with up to 10 years follow-up time. In the detailed description and
analysis of ND-RSIE only first admission with ND-RSIE was
considered. In all analyses, p-values < 0.05 (two-tailed) were
considered statistically significant. The statistical analyses were
performed using STATA version 15 (StataCorp LP, Texas).

3. Ethics

The Danish Data Protection Agency (17/16144) and Danish
Patient Safety Authority (3-3013-2213/1) granted permission.
Approval by an ethics committee is not required for registry-
based research in Denmark.

4. Results

We identified 1489 patients with potential IE based on ICD-10
codes admitted to hospitals in the Region of Southern Denmark
rditis episodes in the Region of Southern Denmark between January 2007 and May

Device RSIE Non-device RSIE p value
n (%) n (%)

127 (11) 72 (6)

0.08
96 (76) 44 (61)

<0.001
73 (62–80) 38 (26–54)

0.06
121 (95.3) 60 (83.3)
6 (4.7) 10 (13.9)
0 (0) 2 (2.8)
0 (0) 0 (0)
0 (0) 0 (0)

<0.001
29 (23) 38 (53)
45 (35) 21 (29)
53 (42) 13 (18)

30 (24) 4 (6) 0.008

 interquartile range.
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during the study period. Of these, we included 1144 (77%) patients
with 1243 confirmed IE episodes (Fig. 1). Among the 1243 IE
episodes, 1016 (82%) were left-sided IE, 134 (11%) were device RSIE,
and 93 (7%) were ND-RSIE. The crude IE incidence was 9.2 per
100,000 PY (95% CI 8.7–9.8); 7.6 per 100,000 PY (95% CI 7.1–8.1) for
left-sided IE, 1.0 per 100,000 PY (95% CI 0.9–1.2) for device RSIE and
0.6 per 100,000 PY (95% CI 0.5–0.7) for ND-RSIE. No trends in
incidence rates over time were observed.

The baseline characteristics of patients with IE are summarized
in Table 1. The median age was 72 years (IQR 61–80) and 68% were
male. Most patients (93%) had one IE episode, 6% had two episodes
and 1% had three or more episodes. Patients with ND-RSIE were
considerably younger (8 patients were <18 years of age) and had
less comorbidity compared with patients with left-sided IE and
device RSIE. In total, 280/1144 (25%) patients died within 30 days
after admission. Patients with ND-RSIE had a significantly lower
30-day mortality (6%) compared with left-sided IE (26%) and
device RSIE (24%) (p = 0.008). The median follow up time for the
cohort was 557 days (IQR 32–1579); mortality remained lower for
ND-RSIE compared with left-sided IE and device RSIE during 10
years of follow up as illustrated on Kaplan–Meier survival curves
(log rank test <0.01) (Fig. 2a).

4.1. Non-device related right-sided infective endocarditis

The baseline characteristics for 72 patients at first admission for
ND-RSID stratified by IDU are presented in Table 2. Overall, the
median age was 38 years (IQR 26–54) and 61% were male.
Fig. 2. (a) Overall mortality for cardiac device right-sided infective endocarditis,
left-sided infective endocarditis and non-device right-sided infective endocarditis.
Device RSIE: cardiac device right-sided infective endocarditis, IE: infective
endocarditis, ND-RSIE: non-device related right-sided infective endocarditis. (b)
Overall mortality for non-device right-sided infective endocarditis stratified by
injection drug use. PWID: people who inject drugs.
Approximately forty percent of the patients had an underlying
heart disease, 39% were PWID, and one fourth had chronic
hepatitis C (exclusively prevalent among PWID). The tricuspid
valve was most commonly affected (57%) and almost two-third of
the patients experienced complications. Only two patients were
treated for ND-RSIE due to clinical assessment without ultrasound
verified IE.

Marked differences were observed between patients with and
without IDU. PWID were younger, and very few had an underlying
heart disease (two patients with previous endocarditis). The most
prevalent risk factors for ND-RSIE among non-PWID were
congenital heart disease (43%), wounds (25%) and various other
underlying heart diseases. All PWID except one had involvement of
the tricuspid valve compared with only 32% of non-PWID
(p < 0.001). Complications were considerably more common
among PWID (86%) compared to non-PWID (45%), which was
caused by higher rates of (pulmonary) abscesses (50%), septic
embolisms (29%) and spondylodiscitis (14%). The occurrence of
abscesses were significantly associated with S. aureus (p < 0.001,
data not shown). Recurrent ND-RSIE during follow up was more
common for PWID (8/28; 29%) for an incidence of 7.6 per 100 PY
(95% CI 3.3–14.9) compared with non-PWID (5/44; 11%) for an
incidence of 3.1 per 100 PY (95% CI 1.0–7.3). The 30-day mortality
for first admission with ND-RSIE was 0% for PWID compared with
7% for non-PWID and remained non-significantly lower during 10
years of follow up (Fig. 2b, log rank test = 0.46).

As shown in Table 3, Staphylococcus species accounted for 53%
and Streptococcus species for 26% of all ND-RSIE episodes. Among
PWID, S. aureus was the most common microorganism (79%)
whereas staphylococcus species (36%) and streptococcus species
(41%) were almost equally common among non-PWID. Only 2/34
(6%) S. aureus cultures were methicillin-resistant (MRSA).

5. Discussion

In this population-based cohort study of 1243 confirmed IE
episodes in the Region of Southern Denmark, we found the
proportion of right-sided IE to be 18% including 11% for cardiac
device RSIE and 7% for ND-RSIE. Patients with ND-RSIE were
younger, had less comorbidity, and had a lower mortality
compared with patients with left-sided and device RSIE. Only
forty percent of ND-RSIE occurred among PWID with considerable
differences observed regarding clinical manifestations, distribu-
tion of causative microorganisms and complications such as
pulmonic abscesses compared with non-PWID.

We found an overall IE incidence of 9.2 per 100,000 PY, which is
higher than 5–7.6 per 100,000 PY reported in previous studies
(Erichsen et al., 2016; Tleyjeh et al., 2005; Bouza et al., 2001;
Hogevik et al., 1995). A Danish register study published by Erichsen
et al. in 2016 reported an incidence of 7.6 per 100,000 PY during
2009–2011 (Erichsen et al., 2016). The lower incidence compared
with our study may be due to exclusion of both patients with
previous/recurrent IE and IE only based on ICD-10 codes DI330 and
DI389. The high incidence in our study may also in part reflect an
increasing IE incidence over time as previously reported (Erichsen
et al., 2016; Yuan, 2014; Jordal et al., 2018) due to an aging
population and an increasing use of cardiac devices although no
clear trend was observed in our study.

The demographic and clinical characteristics differ between
patients with right- and left-sided IE (Ortiz et al., 2014; Jordal et al.,
2018). In line with previous studies, we found that most patients
were older males (median age 72 years) with no observed
differences between device RSIE and left-sided IE. In contrast,
patients with ND-RSIE were significantly younger and had less
comorbidity compared with patients with device RSIE and left-
sided IE (Colville et al., 2016; Jordal et al., 2018; Murdoch et al.,



Table 2
Patient characteristics at first admission for non-device related right-sided
infectious endocarditis stratified by injection drug use.

Characteristics All PWID Non-PWID p value
n (%) n (%) n (%)

Patients 72 (100) 28 (39) 44 (61)

Sex 0.58
Male 44 (61) 16 (57) 28 (64)

Age at first admission, years 0.55
Median (IQR) 38 (26–54) 38 (30–42) 39 (22–64)

Chronic diseases <0.001
Hepatitis C 20 (28) 20 (71) 0 (0)
Othera 27 (38) 1 (4) 26 (59)

Underlying heart diseases <0.001
Former endocarditis 2 (3) 2 (7) 0 (0)
VSD or/and ASD 10 (14) 0 (0) 10 (23)
Tetralogy of fallot 7 (10) 0 (0) 7 (16)
Prosthetic valves 11 (15) 0 (0) 11 (25)

Pulmonic 8 (11) 0 (0) 8 (18)
Aorta 2 (3) 0 (0) 2 (5)
Tricuspid 1 (1) 0 (0) 1 (2)

Other 8 (11) 0 (0) 8 (18)
None 45 (63) 26 (93) 19 (43)

Risk factors/portal of entry
IDU 28 (39) 28 (100) 0 (0)
Congenital heart defect 19 (26) 0 (0) 19 (43)
Wound 22 (31) 11 (39) 11 (25)
CVC 7 (10) 2 (7) 5 (11)
Port a cath 2 (3) 0 (0) 2 (5)
PVC 3 (4) 0 (0) 3 (7)
Chemotherapy 2 (3) 0 (0) 2 (5)
Teeth 11 (15) 3 (11) 8 (18)
Others 14 (19) 0 (0) 14 (32)
None 4 (6) 0 (0) 4 (9)

Affected valve <0.001
Tricuspid 41 (57) 27 (96) 14 (32)
Pulmonic 13 (18) 1 (4) 12 (27)
VSD 5 (7) 0 (0) 5 (11)
ASD 3 (4) 0 (0) 3 (7)
Atrium 5 (7) 0 (0) 5 (11)
Ventricle 2 (3) 0 (0) 2 (5)
ASD + VSD 1 (1) 0 (0) 1 (2)
Unknown 2 (3) 0 (0) 2 (5)

Complications
Abscess 18 (25) 15 (54) 3 (7) <0.001

Lungs 16 (89) 14 (93) 2 (67)
Back 1 (6) 1 (7) 0 (0) 0.30
Intraabdominal 1 (6) 0 (0) 1 (33) 0.83
Thigh 1 (6) 1 (7) 0 (0) 0.73

Septic embolism 16 (22) 8 (29) 8 (18) 0.20
Pneumonia 12 (17) 5 (18) 7 (16)
Heart failure 10 (14) 3 (11) 7 (16)
Spondylodiscitis 6 (8) 4 (14) 2 (5)
Other 1 (1) 1 (4) 0 (0)
None 28 (39) 4 (14) 24 (55)

Recurrence 13 (18) 8 (29) 5 (11) 0.17

Mortality
30-day mortality 3 (4) 0 (0) 3 (7) 0.28

IDU: injection drug use, IQR: interquartile range, VSD: ventricular septal defect,
ASD: atrial septal defect, CVC: central venous catheter, PVC: peripheral venous
catheter.

a Other comorbidity. PWID: epilepsy (1). Non-PWID: tetralogy of Fallot (7),
diabetes (6), cancer (5), neurological diseases (4), chronic kidney disease (3),
hypertension (3), congenital disorders (2), T cell lymphoma (1), anorexia (1),
chronic obstructive pulmonary disease (1), obesity (1), Crohn's disease (1), short
bowel syndrome (1).

Table 3
Isolated microorganisms in blood and resistance at first admission for non-device
related right-sided infectious endocarditis stratified by intravenous drug use.

All PWID Non-PWID p value
n (%) n (%) n (%)

Patients 72 (100) 28 (39) 44 (61)

Isolated microorganism 0.005
Staphylococcus species 38 (53) 22 (79) 16 (36)
Staphylococcus aureus 34 (47) 22 (79)a 12 (27)
Staphylococcus epidermidis 4 (6) 0 (0) 4 (9)
Streptococcus species 19 (26) 1 (4) 18 (41)
Streptococci of mitis group 10 (14) 1 (4) 9 (21)

Non-haemolytic streptococci 4 (6) 0 (0) 4 (9)
Aerococcus species 1 (1) 0 (0) 1 (2)
Abiotrophia defectiva 1 (1) 0 (0) 1 (2)
Granulicatella adiacns 1 (1) 0 (0) 1 (2)
Not classified 1 (1) 0 (0) 1 (2)

Haemolytic streptococci 5 (7) 0 (0) 5 (11)
Group B 2 (3) 0 (0) 2 (5)
Group C 1 (1) 0 (0) 1 (2)
Not classified 1 (1) 0 (0) 1 (2)
Streptococcus pneumoniae 1 (1) 0 (0) 1 (2)

Other 5 (7) 1 (4) 4 (9)
Enterococcus faecalis 2 (3) 1 (4) 1 (2)
Haemophilus parainfluenzae 1 (1) 0 (0) 1 (2)
Enterobacter cloacae 1 (1) 0 (0) 1 (2)
Bartonella serology 1 (1) 0 (0) 1 (2)

Polymicrobial 2 (3)b 0 (0) 2 (5)
Culture negative 8 (11) 3 (11) 5 (11)
Cultures not obtained 1 (1) 1 (4) 0 (0)

a Two S. aureus isolates were methicillin resistant (MRSA).
b One episode with S. epidermidis and Streptococci species, and one episode with

S. aureus and S. salvarius.
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2009; Ostergaard et al., 2018a; Leone et al., 2012). This probably
reflects that the ND-RSIE group comprised forty percent PWID and
also patients with congenital heart disease who both tend to be
young and have yet to develop non-cardiac related comorbidities.
Similar findings have been reported by Ortiz et al, who found PWID
to be younger, with less comorbidity and without previous heart
disease/endocarditis compared with IE patients without IDU,
cardiac devices or concomitant left-sided involvement (Ortiz et al.,
2014).

The 30-day mortality for IE was 25% in our study, which is in line
with in-hospital mortalities of 21% and 29% reported in two Danish
studies (Le and Gill, 2010; Ostergaard et al., 2018b). Left-sided IE
had the worst prognosis with a 30-day mortality of 26%, which is
consistent with previous studies (Fernandez-Hidalgo et al., 2012;
Rasmussen et al., 2009). The 30-day mortality for device RSIE (24%)
was much higher than the 3% in-hospital mortality reported by
Ortiz et al. (2014), which may in part be explained by higher levels
of comorbidity in our study.

PWID have traditionally been responsible for the majority of
ND-RSID (Habib et al., 2015; Mi et al., 2016; Ortiz et al., 2014) but
accounted for only forty percent of patients with ND-RSIE in our
study. However, this relatively low prevalence of IDU is similar to
that found in a 2019 study by Di Mauro et al. comprising patients
with isolated tricuspid valve IE (Di Mauro et al., 2019). We believe
this estimation to be fairly accurate based on healthcare
professionals being observant and well trained in identifying
patients with IDU. Furthermore, patients were often admitted to
hospitals and treated for approximately a month according to
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international guidelines and would therefore most likely develop
withdrawal symptoms in case of a regular substance abuse. The
low percentage of PWID in our study might in part be explained by
inclusion of patients under the age of 18 (Ortiz et al., 2014; Revilla
et al., 2008).

It is difficult to estimate the exact number of PWID in Denmark
and in which municipality they live. However, Statistics Denmark
estimates that the Region of Southern Denmark has the highest
prevalence of IDU (0.41%) compared with the other four regions in
Denmark based on yearly collected data from drug treatment
centres (Drug Abuse Treatment, 2018).

Consistent with previous studies, we found that the tricuspid
valve was most frequently affected (Habib et al., 2015; Ortiz et al.,
2014; Murdoch et al., 2009; Revilla et al., 2008). PWID almost
exclusively had tricuspid endocarditis while non-PWID had both
tricuspid and pulmonary endocarditis, which is consistent with
previous published studies (Jordal et al., 2018). This might be due
to presence of prosthetic valves and congenital heart disease in the
non-PWID group.

As expected, we found S. aureus to be the most common cause of
ND-RSIE followed by Streptococcus species (Habib et al., 2015; Mi
et al., 2016; Ortiz et al., 2014; Revilla et al., 2008). Consistent with
previous studies, S. aureus accounted for most ND-RSIE episodes
(79%) among PWID (Ortiz et al., 2014; Murdoch et al., 2009), which
may explain the high prevalence of complications including
pulmonary abscesses and spondylodiscitis. Despite of frequent
complications, none PWID died within 30 days compared with a
30-day mortality of 7% among non-PWID. Possible explanations
include that PWID were considerable younger with less comor-
bidity, and almost half the patients had wounds as the suspected
portal of entry indicating a less severe initial infection or direct
inoculation of bacteria into the blood stream related to IDU.
Similar, Di Mauro et al. observed less early deaths among PWID
with tricuspid valve IE but also that IDU was a risk factor (HR 4.9)
for mortality during 25 years of follow up (Di Mauro et al., 2019). Of
note, PWID were at much higher risk of recurrent episodes of ND-
RSIE compared with non-PWID in our study, which may be caused
by ongoing IDU or a higher susceptibility to recurrent infections
because of complications caused by the incident episode. However,
mortality was not increased during 10 years of follow up.

5.1. Strengths and limitations of the study

The strengths of our study include the population-based
design, the systematic review of medical journals without inter-
observer variability, and the fact that the IE diagnosis was
determined by an interdisciplinary Endocarditis Team. Also, to
our knowledge this study is the largest to investigate ND-RSIE.
However, some limitations warrant discussion. The retrospective
design with use of secondary data from healthcare registries may
lead to selection bias and information bias. First, we were unable
to include IE patients without a recorded ICD 10 code (Schmidt
et al., 2015; Lynge et al., 2011), which will result in an
underestimation of the true IE incidence. However, the IE
diagnosis has been validated in DNPR in a recent Danish study
with a positive predictive value of 0.82 (Sundboll et al., 2016).
Second, data in medical records are recorded by clinicians and
may be incomplete with regards to comorbidities and compli-
cations. This may especially be true for PWID who are less likely
to report detailed information on preexisting comorbidities.
Further, patients may be reluctant to report IDU status, which can
result in differential misclassification when comparing outcomes
of PWID and non-PWID. Third, we were only able to describe
rather than predict mortality among all patients with IE since we
did not have data on pharmacological treatment and surgical
procedures for all IE patients.
6. Conclusion

One-fifth of IE episodes are right-sided in the region of Southern
Denmark. ND-RSIE is a rare disease with a favourable prognosis
compared with left-sided IE and device RSIE although recurrences
are relatively common. Forty percent of ND-RSIE occurs among
people who inject drugs and is associated with frequent
complications but a very low mortality.
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