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Abstract 

Background:  Intravenous drug abuse (IDA) is a known risk factor for infective endocarditis (IE) and is associated 
with frequent relapses, but its prognostic impact is still debated. The potential futility of surgery in this population is 
a further issue under discussion. We aimed to describe the clinical characteristics, the therapeutic strategy, and the 
prognosis associated with IDA in IE.

Methods:  We retrospectively analysed 440 patients admitted to a single surgical centre for definite active IE from 
January 2012 to December 2020.

Results:  Patients reporting IDA (N = 54; 12.2%) were significantly younger (p < 0.001) and presented fewer comorbid-
ities (p < 0.001). IDA was associated with a higher proportion of relapses (27.8 vs. 3.3%, p < 0.001) and, at multivariable 
analysis, was an independent predictor of long-term mortality (HR 2.3, 95%CI 1.1–4.7, p = 0.015). We did not register 
multiple relapses in non-IDA patients. Among IDA patients, we observed 1 relapse after discharge in 9 patients, 2 
relapses in 5 patients and 3 relapses in 1 patient. In IDA patients, neither clinical and laboratory variables nor the 
occurrence of even multiple relapses emerged as indicators of an adverse risk–benefit ratio of surgery in patients with 
surgical indication.

Conclusions:  IE secondary to IDA affects younger patients than those with IE not associated with IDA. Probably 
due to this difference, IE secondary to IDA is not associated with significantly higher mortality, whereas the negative, 
long-term prognostic impact of IDA emerges in multivariate analysis. Considering the good prognosis of patients with 
uncomplicated IE treated medically, surgery should be reserved to patients with a strict- guidelines-based indication. 
However, since there are no clear predictors of an unfavourable risk–benefit ratio of surgery in patients with surgical 
indication, all patients with a complicated IE should be operated, irrespective of a history of IDA.
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Introduction
Intravenous drug abuse (IDA) is a known risk factor for 
infective endocarditis (IE) and is associated with frequent 
relapses [1], but its prognosis, and the potential high 
risk–benefit ratio of surgery in the population of drug 
abusers with IF, are still debated issues.
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Compared to the general population, IDA is associ-
ated with an up to 100-fold increased risk of IE through 
several mechanisms, including endothelial injury from 
injected particulate matter, direct injection of contami-
nated material, and drug-associated vasospasm lead-
ing to intimal damage and thrombus formation [1]. As a 
consequence of its pathophysiology, IDA-associated IE 
is more commonly right-sided [2]. Beyond these known 
characteristics, however, literature on this topic is sub-
stantially limited, and only a few studies have examined 
the outcome after acute hospitalization [2–6]. The best 
therapeutic strategy in IDA-associated IE, whether medi-
cal or surgical, remains unclear. In particular, given the 
high risk of relapses due to continued drug abuse, the 
decision to re-operate the same individual for a relapsed 
IE is sometimes challenging [2]. This study aimed to 
describe the clinical characteristics, the therapeutic strat-
egy, and the prognosis of IDA-associated IE.

Methods
Patient selection
We retrospectively included in the analysis 440 patients 
with definite and active, non-device related IE, referred 
to a single surgical centre from January 2012 to Decem-
ber 2020. Device-related IE was defined as an infection 
involving cardiac devices other than prosthetic valves. 
Demographic and clinical data for analysis were retrieved 
from electronic hospital charts. The local Ethics Commit-
tee approved the study (authorization n 12113_oss) and, 
given the retrospective and non-interventional nature 
of the study, granted a waiver of informed consent. The 
diagnostic work-up and treatment strategies adhered to 
the current international IE guidelines [7]. At least three 
sets of blood cultures were collected and transesophageal 
(TE) echocardiography was performed for diagnostic 
confirmation in all patients. All patients received appro-
priate empirical and, when feasible, targeted antimicro-
bial therapy.

Follow‑up
The follow-up duration was calculated from IE diag-
nosis and updated to March 2021 through a structured 
phone interview or authorities’ registries in case of non-
response. The mean follow-up was 3.0 ± 1.6 years in the 
whole study population.

Study outcome
All-cause mortality and IE relapse rate were the primary 
and secondary study outcomes, respectively.

Statistical analysis
Descriptive statistics are reported as mean ± standard 
deviation (SD) or  median ± interquartile range (IQR) 

for continuous variables with normal and non-normal 
distribution and as frequencies and percentages for cat-
egorical variables. Between-groups comparisons were 
assessed by Student’s t-test, Mann–Whitney U test, 
Kruskal–Wallis, or chi-square test, as appropriate. The 
univariate and multivariate associations with long-term 
survival were analysed by the Kaplan–Meier method and 
by stepwise Cox proportional hazards models. In these 
analyses, patients with IE relapses were considered only 
once. Multivariate analysis of mortality was adjusted for 
the treatment received: surgery, medical therapy only in 
cases with no indication to surgery, or exclusion from 
surgery despite indication for too severe clinical condi-
tions or refusal, as previously described [8]. Gender, age, 
diabetes, chronic kidney disease (CKD: eGFR < 60  ml/
min/1.73m2), the microbiologic agent involved, left ven-
tricular ejection fraction, type of valve (native or pros-
thetic), double valve infection, paravalvular extension 
of infection, severe valvular dysfunction, brain embo-
lism detected on admission, EuroSCORE II, presence 
of a pacemaker, and history of drug abuse, were initially 
entered into the multivariate model, and then backward 
deleted when redundant (p out > 0.10). All analyses were 
performed with SPSS software version 24.0 (IBM Corp., 
Armonk, New York) and R version 3.6.3. Statistical sig-
nificance was set at a 2-sided p-value < 0.05.

Results
The main demographic, clinical and echocardiographic 
data of patients with IE associated (N = 54; 12.2%) and 
non-associated (N = 386) with IDA are reported in 
Table 1.

A history of fever (body temperature > 37.5  °C) was 
present in 278 patients (63%), without significant dif-
ferences between IDA and non-IDA patient. The inci-
dence of IDA-associated IE did not change over the 
study period. IDA patients were younger (41 ± 18.5 
versus 71 ± 17, median ± IQR, p < 0.001) and – with 
the exception of a higher proportion of viral infections, 
such as HIV, HBV or HCV (p = 0.001) – they had fewer 
comorbidities (p < 0.001): therefore, their EuroSCORE 
II was significantly lower (p = 0.001). Consistently with 
the known high rate of relapses [1, 12] in drug abus-
ers, IE was the first episode only in 70.3% of IDA-asso-
ciated cases, a proportion much lower than the 93.7% 
observed in the other group (p < 0.001). As previously 
reported [8], IE in drug abusers was more frequently 
associated with spondylodiscitis (p = 0.02). As a con-
sequence of its pathophysiological mechanism, the 
infection involved less frequently left-sided valves in 
IDA than in non-IDA patients (59.2 vs 97.1%, p < 0.001) 
and, because of prevalent right-sided infections, endo-
carditic vegetations were longer in IDA-associated IE 
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(p < 0.001). Compared to non-IDA patients, Staphylo-
coccus aureus (p < 0.001) and Streptococci (p = 0.045) 
were isolated respectively significantly more and less 
frequently from blood cultures of IDA patients. Cul-
ture negative IE was less frequent in IDA patients (9 vs 
20%, p = 0.008). Embolism was present on admission in 
a higher proportion of IDA patients (p < 0.001), a find-
ing consistent with the high incidence of Staphylococ-
cal infection, which is a known risk factor for embolic 
complications [8]. Since our study has been conducted 

in a high-volume surgical center, thereby limiting the 
referral of uncomplicated IE eligible to medical therapy, 
the overall percentage of patients undergoing surgery 
was high. The proportion of operated patients was simi-
lar in IDA and non-IDA groups. Of the 45 IDA patients 
treated surgically, 28 (62%) presented an infection 
involving left-sided valves. The proportion of left-sided 
infection in IDA patients treated surgically was higher 
but not significantly different compared with patients 
without surgical indication (62 vs 44%).

Table 1  Demographic and clinical characteristics, echocardiographic parameters, treatment strategy and microbiologic yield of the 
440 patients with infective endocarditis (IE), by history of intravenous drug abuse (IDA)

BMI body mass index, TAPSE tricuspid annular plane systolic excursion. Associated viral infections: HIV (human immunodeficiency virus), HBV (hepatitis B virus) and/or 
HCV (hepatitis C virus)

Non-IDA-associated IE IDA-associated IE
N = 386 N = 54 p

Age, years (median ± IQR) 71 (17) 41 (18.5) 0.001

Female gender [n (%)] 138 (35.7) 15 (27.8) NS

BMI (median ± IQR) 24.3 (5.0) 23.0 (6.1) NS

Renal failure [n (%)] 102 (26.4) 8 (14.8) NS

Hypertension [n (%)] 246 (63.7) 5 (9.2) 0.001

Previous cancer [n (%)] 89 (23.0) 1 (1.8) 0.001

Diabetes [n (%)] 80 (20.7) 2 (3.7) 0.001

Dyslipidemia [n (%)] 122 (31.6) 2 (3.7) 0.001

Pacemaker [n (%)] 45 (11.6) 7 (12.9) NS

Associated viral infections [n (%)] 19 (4.9) 45 (83.3) 0.001

First episode of IE [n (%)] 362 (93.7) 38 (70.3) 0.001

IE on native valve [n (%)] 230 (59.5) 39 (72.2) NS

Double-valve IE [n (%)] 68 (17.6) 7 (12.9) NS

Left-sided IE [n (%)] 375 (97.1) 32 (59.2) 0.001

Embolism [n (%)] 147 (38.1) 34 (63.0) 0.001

Spondylodiscitis [n (%)] 28 (7.2) 9 (16.6) 0.020

Brain embolism [n (%)] 84 (21.8) 12 (22.2) NS

Paravalvular extension [n (%)] 88 (22.7) 13 (22.2) NS

Severe valvular dysfunction [n (%)] 180 (46.6) 31 (57.1) NS

Vegetation length, mm (median ± IQR) 9.0 (10.0) 13.0 (12.5) 0.008

Ejection Fraction, % (median ± IQR) 60.0 (11.0) 60.0 (10.5) NS

TAPSE, mm (mean ± SD) 21.0 (6.0) 23.0 (9.5) 0.02

EUROSCORE2 (median ± IQR) 7.8 (15.2) 3.6 (4.2) 0.001

No surgical indication [n (%)] 42 (10.9) 8 (12.6) NS

Excluded from surgery despite indication [n (%)] 43 (11.1) 1 (3.1) NS

Surgery [n (%)] 301 (78.0) 45 (84.1) NS

Early surgery [n (%)] 238 (79.1) 38 (81.1) NS

Polymicrobic IE [n (%)] 19 (4.9) 6 (12.7) NS

Streptococci [n (%)] 98 (25.3) 7 (11.0) 0.045

Staphylococcus aureus [n (%)] 49 (12.7) 32 (54.0) 0.001

Negative coagulase Staphylococci [n (%)] 59 (15.3) 3 (9.5) NS

Enterococci [n (%)] 79 (20.5) 7 (14.2) NS

Negative culture [n (%)] 79 (20.5) 3 (9.5) 0.008

Other [n (%)] 22 (5.7) 2 (7.9) NS
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IDA patients who were treated medically for the 
absence of surgical indication had better—though 
non-significantly—survival than those who were oper-
ated because of complicated IE. IE relapses during the 
follow-up were more frequent in IDA than non-IDA 
patients (28.3 vs. 3.3%, p < 0.001).

At univariate Kaplan–Meier analysis, IDA was not 
associated with higher mortality (Fig. 1).

However, as previously reported [10], drug abus-
ers had a more than doubled long-term risk of death 
at multivariate analysis (HR 2.3, 95%CI 1.1–4.7, 
p = 0.015), adjusting for age (HR per unit 1.034, 95%CI 
1.018–1.050, p < 0.001), EuroSCORE II (HR per unit 
1.015, 95%CI 1.008–1.023, p < 0.001), double-valve 
infection (HR 2.0, 95%CI 1.4–3.0, p < 0.001), and Strep-
tococcus infection (HR 0.5, 95%CI 0.3–0.8, p = 0.009), 
which were the variable retained in the final model.

Of 54 IDA patients, 19 died during the follow-up; 
in this subgroup, univariable Kaplan–Meier survival 
analyses showed no significant differences in mortality 
by age, gender, associated viral infections (HIV, HBV, 
HCV), microbiologic yield (including polymicrobial 
infection), infection site, type of valve affected (pros-
thetic or native), EuroSCORE II, embolism detected on 
admission, recurrent IE, nor subsequent IE relapses. 
The only IDA patient not operated because of refusal 
despite indication died in hospital. In conclusion, we 
did not identify any clinical predictor—not even the 
occurrence of multiple relapses—of the potential unfa-
vourable risk–benefit ratio of surgery in IDA patients.

Discussion
Our study described the clinical and microbiologic char-
acteristics and the long-term outcome of surgery in a 
clinical cohort of patients with IDA-associated IE oper-
ated in a single centre.

We found a prevalence of 13.4%, stable over the study 
period, which contrasts with the survey of Rudasill et al. 
[1] in the United States, where IDA-associated accounted 
for 22.2% of 96,344 cases of IE, with an increasing inci-
dence between 2010 and 2015. Our data are much closer 
to the European epidemiology as reported by the EURO-
ENDO registry [11], where a history of intravenous drug 
abuse was present in only 6.9% of patients with IE.

As reported in other studies, IDA-associated IE 
affected mostly right-sided heart valves [2, 5], polymicro-
bial flora was common [5], and the most frequent micro-
biologic agent was Staphylococcus aureus consistent with 
non-sterile drug injections [5].

In our centre, patients with IDA-associated and non-
associated IE were operated in similar proportions. Sur-
gical treatment of drug abusers remains challenging, 
considering the high rate of relapses and the consequent 
concern on the potential high risk–benefit ratio of sur-
gery. In this setting, surgical indications include the fail-
ure of antibiotic therapy, septic complications, or severe 
valvular dysfunction [7]. Other series reported that the 
risk of death or reoperation was ten times higher in IDA-
associated than non-associated IE [4]. Rohn et  al. [3], 
over a follow-up exceeding four years, found that survival 
was significantly impaired in patients with recurrent IE. 
Weymann et al. [13] identified pre-operative NYHA class 
grade IV as a risk factor for early mortality.

In our experience, mortality over a 3-year follow-up 
was similar, at univariate analysis, in IDA-associated 
and non-associated IE: a finding that likely reflects the 
younger age and the lower burden of comorbidities of 
the group of drug abusers. The immediate clinical out-
come was good even in patients who needed redo sur-
gery for recurrent IE, and EuroSCORE II did not predict 
short-term mortality. This suggests that, at least in expert 
hands, repeated operations can be performed as safely as 
first surgery, given the overall favourable pre-operative 
conditions (lower age and fewer comorbidities) of these 
patients.

On the other hand, the long-term outcome of IDA 
patients is very unsatisfactory, as shown by Rohn et al. [3] 
but, at least in large part, likely attributable to continuing 
drug abuse, as suggested by a 2.3 increase in the risk of 
death at multivariate analysis in our series.

In contrast with the experience of Rohn et  al. [3], we 
did not find higher mortality even after multiple relapses. 
Moreover, since we could not identify any predictor of a 
futile surgery, this reinforces the concept that any patient 

Fig. 1  Kaplan–Meier survival analysis of 440 patients with infective 
endocarditis associated and non-associated with intravenous drug 
abuse (IDA)
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with a complicated IE deserves surgery without delay, 
irrespective of its aetiology.

However, only a complete and permanent cessation of 
intravenous drug use may change the long-term progno-
sis of patients with IDA-associated IE. Since opioid use 
disorder is a chronic disease with a good prognosis when 
patients are offered evidence-based interventions [14, 
15], we should focus on addiction treatment and social 
support starting early at hospital discharge to improve 
their long-term prognosis.

The most ethically challenging situation we have expe-
rienced is when patients with IDA assume opioids during 
hospitalization while awaiting surgery: an event that dis-
heartens the whole medical staff, briskly facing the cer-
tainty of future relapse. The only possible answer to this 
problem is to begin early an addiction treatment plan, 
which must be regarded as an essential component of the 
whole medical management. Although early as compared 
to delayed surgery for IE has a better prognosis [8], post-
poning the operation to achieve the minimum target of 
short-term abstinence might be worth in drug-addicted 
patients without an urgent indication for surgery. The 
prolonged daily antibiotic therapy needed after surgery, 
usually performed in a day hospital setting, could be the 
chance to begin strict psychiatric support.

Conclusions
IDA-associated IE represents a considerable propor-
tion of overall cases of IE, mainly affecting young people. 
Staphylococcus aureus is the most common microbio-
logic agent. This subset of IE is not associated with higher 
short-term mortality, but drug abuse is an independ-
ent predictor of long-term prognosis. Considering that 
patients with uncomplicated IE treated medically have 
a favourable prognosis, we should reserve surgery for 
those with a strict indication. On the other hand, since 
there are no predictors of the adverse risk–benefit ratio 
of surgery, all patients with a complicated IE should 
undergo surgery without delay. The main determinant of 
long-term prognosis in IDA-associated IE is drug abuse 
itself. Thus, increased focus on addiction treatment start-
ing early during hospitalization is mandatory to improve 
long-term survival.

Abbreviations
IDA: Intravenous drug abuse; IE: Infective endocarditis; SD: Standard devia-
tion; IQR: Interquartile range; CKD: Chronic kidney disease; eGFR: Estimated 
glomerular filtration rate; HR: Hazard ratio; CI: Confidence interval; HIV: Human 
immunodeficiency virus; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

Acknowledgements
Authors are grateful to ‘Fondazione A.R.Card Onlus’ for its unconditional sup-
port. This work has been supported by a donation offered to Fondazione A.R. 
Card Onlus in memory of Marco Sarti by his beloved wife and son, relatives 
and friends.

Authors’ contributions
VS projected the study, analysed and interpreted the data, and wrote the 
manuscript. SDP revised the manuscript. LS collected the data for analysis. NZ 
carried out the statistical analysis. PLS performed the surgical interventions, 
and was a major contributor in writing the manuscript. NM and AC revised the 
final version of the manuscript. IM, NC, FV, ES and BA performed clinical follow 
up and contributed collecting the data for the analysis. All authors read and 
approved the final manuscript.

Funding
None to declare.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the local ethics committee (Comitato Etico 
Regionale per la Sperimentazione Clinica Della Regione Toscana, Sezione: 
AREA VASTA CENTRO, n 12113_oss) and the same ethics committee granted 
a waiver of informed consent from study participants. that, in keeping with 
statements by the Italian Regulatory Authorities for retrospective, observa-
tional studies (https://​www.​garan​tepri​vacy.​it/​web/​guest/​home/​docwe​b/-/​
docweb-​displ​ay/​docweb/​58055​52), All methods were carried out in accord-
ance with relevant guidelines and regulations/Declaration of Helsinki.

Consent for publication
All authors take responsibility for all aspects of the reliability and freedom from 
bias of the data presented and their discussed interpretation.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Division of Cardiovascular and Perioperative Medicine, Cardiothoracovascular 
Department, Azienda Ospedaliero-Universitaria Careggi and University of Flor-
ence, Largo Brambilla 3, 50134 Florence, Italy. 2 Division of General Cardiology, 
Cardiothoracovascular Department, Azienda Ospedaliero-Universitaria Careggi 
and University of Florence, Largo Brambilla 3, 50134 Florence, Italy. 3 Division 
of Cardiac Surgery, Cardiothoracovascular Department, Azienda Ospedaliero-
Universitaria Careggi and University of Florence, Largo Brambilla 3, 50134 Flor-
ence, Italy. 4 Institute of Applied Physics “Nello Carrara” (IFAC), National Research 
Council, Sesto Fiorentino, Italy. 5 Department of Experimental and Clinical 
Medicine, University of Florence, Florence, Italy. 

Received: 24 May 2021   Accepted: 1 September 2021

References
	1.	 Rudasill SE, Sanaiha Y, Mardock AL, Khoury H, Xing H, Antonios JW, McKin-

nell JA, et al. Clinical outcomes of infective endocarditis in injection drug 
users. J Am Coll Cardiol. 2019;73(5):559–70. https://​doi.​org/​10.​1016/j.​jacc.​
2018.​10.​082.

	2.	 Frontera JA, Gradon JD. Right-side endocarditis in injection drug users: 
review of proposed mechanisms of pathogenesis. Clin Infect Dis. 
2000;30(2):374–9. https://​doi.​org/​10.​1086/​313664.

	3.	 Rohn V, Laca B, Horn M, Vlk L, Antonova P, Mosna F. Surgery in drug use-
associated infective endocarditis: long-term survival is negatively affected 
by recurrence. Interact Cardiovasc Thorac Surg. 2020;30(4):528–34. 
https://​doi.​org/​10.​1093/​icvts/​ivz302.

	4.	 Shrestha NK, Jue J, Hussain ST, Jerry JM, Pettersson GB, Menon V, et al. 
Injection drug use and outcomes after surgical intervention for infective 
endocarditis. Ann Thorac Surg. 2015;100(3):875–82. https://​doi.​org/​10.​
1016/j.​athor​acsur.​2015.​03.​019.

	5.	 Rodger L, Glockler-Lauf SD, Shojaei E, Sherazi A, Hallam B, Koivu S, 
et al. Clinical characteristics and factors associated with mortality in 

https://www.garanteprivacy.it/web/guest/home/docweb/-/docweb-display/docweb/5805552
https://www.garanteprivacy.it/web/guest/home/docweb/-/docweb-display/docweb/5805552
https://doi.org/10.1016/j.jacc.2018.10.082
https://doi.org/10.1016/j.jacc.2018.10.082
https://doi.org/10.1086/313664
https://doi.org/10.1093/icvts/ivz302
https://doi.org/10.1016/j.athoracsur.2015.03.019
https://doi.org/10.1016/j.athoracsur.2015.03.019


Page 6 of 6Scheggi et al. BMC Infect Dis         (2021) 21:1010 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

first-episode infective endocarditis among persons who inject drugs. 
JAMA Netw Open. 2018;1(7): e185220. https://​doi.​org/​10.​1001/​jaman​
etwor​kopen.​2018.​5220.

	6.	 Nguemeni Tiako MJ, Mori M, Bin Mahmood SU, Shioda K, Mangi A, Yun J, 
et al. Recidivism is the leading cause of death among intravenous drug 
users who underwent cardiac surgery for infective endocarditis. Semin 
Thorac Cardiovasc Surg. 2019;31(1):40–5. https://​doi.​org/​10.​1053/j.​semtc​
vs.​2018.​07.​016.

	7.	 Habib G, Lancellotti P, Antunes MJ, Bongiorni MG, Casalta JP, Del Zotti 
F, ESC Scientific Document Group, et al. 2015 ESC Guidelines for the 
management of infective endocarditis: The Task Force for the Manage-
ment of Infective Endocarditis of the European Society of Cardiology 
(ESC). Endorsed by: European Association for Cardio-Thoracic Surgery 
(EACTS), the European Association of Nuclear Medicine (EANM). Eur Heart 
J. 2015;36(44):3075–128. https://​doi.​org/​10.​1093/​eurhe​artj/​ehv319.

	8.	 Scheggi V, Alterini B, Olivotto I, Del Pace S, Zoppetti N, Tomberli B, et al. 
Embolic risk stratification and prognostic impact of early surgery in left-
sided infective endocarditis. Eur J Intern Med. 2020;78:82–7. https://​doi.​
org/​10.​1016/j.​ejim.​2020.​04.​017.

	9.	 Del Pace S, Scheggi V, Virgili G, Caciolli S, Olivotto I, Zoppetti N, et al. 
Endocarditis with spondylodiscitis: clinical characteristics and prog-
nosis. BMC Cardiovasc Disord. 2021;21(1):186. https://​doi.​org/​10.​1186/​
s12872-​021-​01991-x.

	10.	 Scheggi V, Merilli I, Marcucci R, Del Pace S, Olivotto I, Zoppetti N, et al. 
Predictors of mortality and adverse events in patients with infective 

endocarditis: a retrospective real world study in a surgical centre. 
BMC Cardiovasc Disord. 2021;21(1):28. https://​doi.​org/​10.​1186/​
s12872-​021-​01853-6.

	11.	 Habib G, Lancellotti P, Erba PA, Sadeghpour A, Meshaal M, Sambola A, 
EURO-ENDO Investigators, et al. The ESC-EORP EURO-ENDO (European 
Infective Endocarditis) registry. Eur Heart J Qual Care Clin Outcomes. 
2019;5(3):202–7. https://​doi.​org/​10.​1093/​ehjqc​co/​qcz018.

	12.	 Habib G, Gouriet F, Casalta JP. Infective endocarditis in injection drug 
users: a recurrent disease. J Am Coll Cardiol. 2019;73(5):571–2. https://​doi.​
org/​10.​1016/j.​jacc.​2018.​10.​081.

	13.	 Weymann A, Borst T, Popov AF, Sabashnikov A, Bowles C, Schmack B, et al. 
Surgical treatment of infective endocarditis in active intravenous drug 
users: a justified procedure? J Cardiothorac Surg. 2014;24(9):58. https://​
doi.​org/​10.​1186/​1749-​8090-9-​58.

	14.	 Serota DP, Wilson JD, Merlin JS. Injection drug use-associated infective 
endocarditis. JAMA. 2018;320(18):1939. https://​doi.​org/​10.​1001/​jama.​
2018.​14071.

	15.	 Schuckit MA. Treatment of opioid-use disorders. N Engl J Med. 
2016;375(4):357–68. https://​doi.​org/​10.​1056/​NEJMr​a1604​339.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1001/jamanetworkopen.2018.5220
https://doi.org/10.1001/jamanetworkopen.2018.5220
https://doi.org/10.1053/j.semtcvs.2018.07.016
https://doi.org/10.1053/j.semtcvs.2018.07.016
https://doi.org/10.1093/eurheartj/ehv319
https://doi.org/10.1016/j.ejim.2020.04.017
https://doi.org/10.1016/j.ejim.2020.04.017
https://doi.org/10.1186/s12872-021-01991-x
https://doi.org/10.1186/s12872-021-01991-x
https://doi.org/10.1186/s12872-021-01853-6
https://doi.org/10.1186/s12872-021-01853-6
https://doi.org/10.1093/ehjqcco/qcz018
https://doi.org/10.1016/j.jacc.2018.10.081
https://doi.org/10.1016/j.jacc.2018.10.081
https://doi.org/10.1186/1749-8090-9-58
https://doi.org/10.1186/1749-8090-9-58
https://doi.org/10.1001/jama.2018.14071
https://doi.org/10.1001/jama.2018.14071
https://doi.org/10.1056/NEJMra1604339

	Infective endocarditis in intravenous drug abusers: clinical challenges emerging from a single-centre experience
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Patient selection
	Follow-up
	Study outcome
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


