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a b s t r a c t

Objective: Several studies have demonstrated a shift in the spectrum of infective endocarditis (IE) in the
developed world. We aimed to investigate whether demographic and microbiologic characteristics of IE
have changed in India.
Design: A retrospective analysis of patients with in north India between 2010 and 2020.
Methods: The clinical and laboratory profiles of 199 IE admitted to an academic hospital patients who
met the modified Duke criteria for definite IE were analysed.
Results: The mean age was 34 years, and 84% were males. The main predisposing conditions were in-
jection drug use (IDU) (n ¼ 71, 35.7%), congenital heart disease (n ¼ 46, 21.6%), rheumatic heart disease
(n ¼ 25, 12.5%), and prosthetic device (n ¼ 19, 9.5%). 17.1% of patients developed IE without identified
predispositions. Among 64.3% culture-positive cases, the most prevalent causative pathogens were
Staphylococcus aureus (46.1%), viridans streptococci (7.0%), enterococci (6.0%), coagulase-negative
staphylococci (5.5%), gram negative bacilli (5.5%), polymicrobial (5.5%), and Candida (1.0%). The
tricuspid (30.3%), mitral (25.6%), and aortic (21.6%) valves were the most common sites of infection, and
60.3% had large vegetations (>10 mm). Systemic embolization occurred in 55.3% of patients at presen-
tation. Cardiac surgery was required for 13.1%. In-hospital mortality was 17.1% and was associated with
prosthetic devices (p-value, 0.001), baseline leucocytosis (p-value, 0.036) or acute kidney injury (p-value,
0.001), and a microbial etiology of gram negative bacilli or enterococci (p-value, 0.005).
Conclusion: IDU is now the most important predisposition for IE in India, and S. aureus has become the
leading cause of native valve endocarditis with or without IDU.
© 2021 Cardiological Society of India. Published by Elsevier B.V. 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) refers to microbial infection of the
heart valves or endocardium. Despite advancements in diagnostic
techniques, antimicrobial therapy, and surgical facilities, IE remains
a challenging disease for clinicians worldwide and is associated
with high morbidity and mortality.1e5 The disease has been
continuously evolving in its epidemiology, predisposing conditions,
and clinical spectrum in recent years. It was traditionally associated
with structural heart diseases, such as rheumatic heart disease
(RHD) or congenital heart disease (CHD); however, in the current
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era, injection drug use (IDU) and health-care-associated factors are
the primary risk factors.3e11 Staphylococcus aureus, rather than the
more insidious viridans group streptococci, is now the leading
infecting organism in most industrialized countries.4,5,12e14

Evaluating local epidemiology and continued monitoring of
patterns of an infectious disease is essential for clinical manage-
ment, including prompt recognition and empirical therapy. The
studies addressing IE trends in India are scarce and have not been
regularly updated.15e22 The marked change in IE spectrum is ex-
pected to occur in Indian patients given altered predisposing con-
ditions (declining incidence of RHD, increasing IDU among the
young population, and increased survival of patients with CHD),
advancement in diagnostic testing (culture methods, growing
echocardiography availability), and improved infection control
practices in recent decades.23e25 Therefore, in the current study, we
aimed to investigate the clinical, microbiological, and echocardio-
graphic characteristics, predisposing conditions, and treatment
outcomes of IE patients admitted to a tertiary care academic
institute in north India.
Table 1
Predisposing conditions in infective endocarditis (n ¼ 199).

Predisposing conditions n (%)

Heart conditions 86 (43.2%)
Congenital heart diseasea 45
Rheumatic heart disease 19
Prosthetic valve endocarditis 12
Prior infective endocarditis 3
Prosthetic valve endocarditis and Rheumatic heart disease 2
Prosthetic valve endocarditis and Prior infective endocarditis 2
Prosthetic valve endocarditis and Double-chambered right 1
ventricle with ventricular septal defecta

Rheumatic heart disease and Prior infective endocarditis 1
Degenerative mitral regurgitation 1
Injection drug use 63 (31.7)
Both heart condition and Injection drug use 8 (4.0%)
Rheumatic heart disease and Injection drug use 3
Prior infective endocarditis and Injection drug use 3
Prosthetic valve endocarditis and Injection drug use 2
Miscellaneous 8 (4.0%)
Chronic kidney disease receiving hemodialysis 3
Catheter-related blood stream infection 2
Post-abortion 1
Malignancy 1
Post renal transplantation 1
No predisposition 34 (17.1%)

a Congenital heart disease lesions (n ¼ 46) include Bicuspid aortic valve (n ¼ 18),
Mitral valve prolapse (n ¼ 16), Ventricular septal defect (n ¼ 5), Double-chambered
right ventricle with ventricular septal defect (n ¼ 3), Patent ductus arteriosus
(n ¼ 1), Tetralogy of Fallot (n ¼ 1), Aortic stenosis (n ¼ 1), and Pulmonary valve
stenosis (n ¼ 1).
2. Materials and method

Study design and population: A retrospective review of the
medical record of all patients 13 years old and older with IE who
were admitted to the Emergency Department (Department of In-
ternal Medicine) and the Department of Cardiology of Postgraduate
Institute of Medical Education and Research, Chandigarh (India),
from January 2010 to December 2020 was performed. This aca-
demic hospital has 1948 beds, serving a large population of north
India. The diagnosis of IE was made according to the modified
Duke's criteria, and only definite IE cases were included in the
study.26 For the patients with more than one IE episode during the
study period, only the first episode was recorded to preserve the
assumption of independence of observations.

Data collection: Each record was reviewed by one of the authors
by completing a clinical research form detailing a clinical profile
(socio-demographic data, predisposing conditions, clinical pre-
sentation, physical examination), laboratory data (complete blood
counts, biochemical panel, blood cultures (automated system using
BACTEC™ method), antibiotic susceptibility testing), imaging
studies (echocardiography and radio-imaging), disease-related
complications during the course, length of stay, and in-hospital
mortality. The embolic complications were defined based on clin-
ical or radiological characteristics, i.e., clinically symptomatic or
asymptomatic. The empirical antimicrobial therapy and manage-
ment of IE patients were following standard guidelines and the
local epidemiological data. The antimicrobial agents were modified
according to the available culture results or the development of IE
complications or hospital-acquired infections during the course.

Ethical consideration: The institutional ethics committee
approved the study (No. INT/IEC/2020/SPL-1464). Informed con-
sent was waived as the study involved the anonymized retrospec-
tive patient data.

Statistical analysis: The patients were divided into three primary
forms of IE - native valve endocarditis (NVE) (without IDU), IDU-
related IE (IDU-IE), and prosthetic valve endocarditis (PVE)
(including implantable cardiac devices). We used SPSS (version 25
for Mac) for statistical analysis. Discrete variables were described as
frequency (n) and percentage (%). According to the normalcy of
data, continuous data were recorded as median with interquartile
range (IQR) or mean ± standard deviation (SD). Analysis of variance
was used to determine the differences between the outcome
groups, i.e., died and survived. A two-sided p-value of less than 0.05
was taken statistically significant for all statistical tests.
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3. Results

3.1. Baseline characteristics

We reviewed 199 patients with definite IE according tomodified
Duke's criteria admitted over 11 years. The patients were 13e86
years old (mean ± SD, 34.1 ± 13.7 years), with only 10 cases >60
years. There were 167 males and 32 females (ratio, 5.2:1). The
median duration of the IE at presentation was 4 weeks (IQR, 3e8
weeks; range, 3 days to 1 year). About one-fourth of cases (24.6%)
started symptoms within two weeks. Fever was the most common
symptom (93.5%), followed by chills or sweating (72.9%). 70.5% of
patients had shortness of breath on admission. History of loss of
appetite (57.8%) or weight (46.7%) was common. Chest pain (13.1%)
and peripheral edema (4.5%) occurred occasionally. The mean
haemoglobin level of the patients at admissionwas 9.6 g/dL (± 2.2),
and 13.3% had severe anemia with a haemoglobin of <8 g/dL. The
median leucocyte count was 11850/mL (IQR, 8325e18375), and
leucocytosis (>11000/mL) was present in 56.6%. Median value of
serum creatinine at presentation was 1.0 mg/dL (IQR, 0.7e1.8).
3.2. Predisposing conditions

Nearly 17% of IE patients did not have any predisposing condi-
tion, such as pre-existing cardiac conditions or portals of entry for
blood stream infection (e.g., IDU) (Table 1). Fig. 1 shows the
increasing proportion of IDU-IE in total cases of IE over the years.
IDU-IE was exclusively seen in males, contributing to 42.5% IE ep-
isodes in them. Usual predisposition in females were CHD (n ¼ 13),
RHD (n ¼ 7), and PVE (n ¼ 5).
3.3. Echocardiography

One hundred ninety-three patients had a positive echocardio-
gram. Transesophageal echocardiography was available in 36



Fig. 1. Shows the increasing proportion (%) of IDU-IE in total cases of IE over the study
period (years).
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(18.1%) cases. Table 2 shows echocardiographic findings with
involved sites and the size of the vegetation in different IE types.
3.4. Microbiology

Table 3 shows blood culture positive IE cases (n ¼ 128). Most
common causative organism was S. aureus (n ¼ 68, including 9
polymicrobial cases) in both IDU-IE (n ¼ 44) and non-IDU NVE
(n ¼ 22). 10/22 NVE patients had no predisposition; the rest
occurred with mitral valve prolapse (MVP) (n ¼ 3), bicuspid aortic
valve (BAV) (n ¼ 2), congenital aortic stenosis (n ¼ 1), pulmonary
valvular stenosis (n ¼ 1), RHD (n ¼ 2), catheter-related blood
stream infection (CRBSI) (n ¼ 2), previous IE (n ¼ 1), and malig-
nancy (n ¼ 1). 61.8% (n ¼ 42) S. aureus were methicillin resistant
strains. Coagulase-negative staphylococci (CoNS) (n ¼ 14) infected
the patients with PVE (n¼ 2), IDU (n¼ 2), RHD (n ¼ 2), BAV (n¼ 2),
MVP (n ¼ 1), double-chambered right ventricle with ventricular
septal defect (n ¼ 1), degenerative mitral regurgitation (n ¼ 1), no
Table 2
Echocardiography findings in IE (n ¼ 199).

Parameter Total (n ¼ 199)

Site involved
Tricuspid valve 60 (30.2)
Mitral valve 51 (25.6)
Aortic valve 43 (21.6)
Pulmonary valve 4 (2.0)
Right ventricular outflow tract 2 (1.0)
Multi-valve involvement 27 (13.6)
Mitral and Aortic valves 12 (6.0)
Mitral and Tricuspid valves 7 (3.5)
Mitral, aortic and Tricuspid valves 3 (1.5)
Tricuspid and Pulmonary valves 2 (1.0)
Tricuspid and Aortic valves 2 (1.0)
Aortic valve and Right ventricular 1 (0.5)
outflow tract

Miscellaneous 6 (3.0)
No vegetation detected 6 (3.0)
Vegetation size (at maximum dimension)
Small (<10 mm) 63 (31.7)
Large (10e30 mm) 77 (38.7)
Very large (>30 mm) 43 (21.6)
Valvular abscess 2 (1.0)
Both small and large (in multi-valve IE) 2 (1.0)
Size not mentioned 6 (3.0)

Abbreviation: IE-infective endocarditis; IDU- injection drug use; NVE-native valve endoc
Values are given as n (%).

a Two patients had both IDU and PVE. Both had tricuspid valve involvement. The vege
b Right coronary cusp (n ¼ 1), Left ventricle apex (n ¼ 1), Left atrial appendages (n ¼
c Cardiovascular implantable electronic device (n ¼ 1), Right ventricular lead (n ¼ 1),
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predisposing factors (n ¼ 3). Five CoNS strains were methicillin
resistant.

Viridans streptococci were second common organisms (n ¼ 18),
isolated from BAV (n ¼ 4), MVP (n ¼ 3), double-chambered right
ventricle with ventricular septal defect (n ¼ 1), ventricular septal
defect (n ¼ 1), patent ductus arteriosus (n ¼ 1), RHD (n ¼ 2), PVE
(n ¼ 2), IDU-IE (n¼ 1), and NVE without any predisposition (n ¼ 3).
7/18 viridans streptococci were beta-lactam sensitive, 6 had beta-
lactam resistance (including one vancomycin resistant strain), and
in the rest five, sensitivity pattern was not available. Enterococci
(E. faecium, n ¼ 13; E. gallinarium, n ¼ 1) were implicated with IDU
(n ¼ 4), MVP (n ¼ 1), tetralogy of Fallot (n ¼ 1), RHD (n ¼ 1),
degenerative mitral regurgitation (n ¼ 1), and no predisposition
identified (n ¼ 4). Only four E. faecium strains were ampicillin
resistant (but vancomycin sensitive), remaining all enterococci
were beta-lactam sensitive. Streptococcus gallolypticus (previously
called Streptococcus bovis biotype 1) infected one patient with MVP.

Pseudomonas aeruginosa caused 10/15 gram negative bacilli
(GNB)-related IE, including five aminoglycoside sensitive strains,
three aminoglycoside resistant (but sensitive to piperacillin-
tazobactam and ceftazidime), and sensitivity pattern was not
available in the remaining two. Each of Stenotrophomonas malto-
philia, Burkholderia cepacia, Enterobacter kobei, and Achromobactor
xylosidans were aminoglycoside sensitive, but Klebsiella pneumo-
niaewas carbapenem-resistant with sensitivity only to polymyxins.
All three cases of Brucella species had a history of consumption of
unpasteurized milk products.
3.5. Complications and in-hospital outcomes

Septic embolization was seen in 55.3% (n ¼ 110) at admission.
IDU-IE had higher rates of pulmonary emboli, and NVE had more
cerebral and splenic emboli (Table 4, Supplementary Figure 1).
Cardiac surgical treatment was performed in 13.1%, 61.5% of whom
had left-sided IE. The in-hospital mortality was 17.1% (n ¼ 34). PVE
had high complication rates and was associated with death
NVE (n ¼ 111) IDU-IE (n ¼ 71)a PVE (n ¼ 19)a

11 (9.9) 48 (67.6)a 3 (15.8)a

38 (34.2) 7 (9.9) 6 (31.6)
30 (27.0) 8 (11.3) 5 (26.3)
3 (2.7) e 1 (5.3)
2 (1.8) e e

21 (18.9) 5 (7.0) 1 (5.3)
10 (9.0) 1 (1.4) 1 (5.3)
5 (4.5) 2 (2.8) e

2 (1.8) 1 (1.4) e

1 (0.9) 1 (1.4) e

2 (1.8) e e

1 (0.9) e e

3b (2.7) e 3c (15.8)
3 (2.7) 3 (4.2) e

43 (38.7) 14 (19.7)a 7 (36.8)a

39 (35.1) 31 (43.7) 7 (36.8)
21 (18.9) 21 (29.6)a 2 (10.5)a

e 1 (1.4) 1 (5.3)
1 (0.9) 1 (1.4) e

4 (3.6) e 2 (10.5)

arditis; PVE-prosthetic valve endocarditis.

tation size was small in one case and was very large in the other.
1).
Ventricular septal defect patch (n ¼ 1).



Table 3
Microbiological etiology of IE (n¼199).

Microorganism(s) Total (N¼199) NVE (n¼111) IDU-IE PVE (n¼19)b

Total (N¼71)a,b Right side (n¼53) Left side (n¼16)

Culture positive IE 128 (64.3) 63 (56.8) 57 (80.3) 45 (84.9) 10 (62.5) 9 (47.4)
Staphylococcus aureus 59 (29.6) 19 (17.1) 40 (50.6) 34 (64.2) 6 (37.5) e

Viridans streptococci group 14 (7.0) 11 (9.9) 1 (1.4) e 1 (6.2) 2 (10.5)
S. sanguinis 6 4 1 e 1 1
S. oralis 3 3 e e e e

S. gorodonii 3 3 e e e e

S. mitis 1 1 e e e e

S. parasanguinis 1 1 e e e e

S. anginosus 1 e e e e 1
Granulicatella adiacensc 2 2 e e e e

Enterococcus faecium 12 (6.0) 8 (7.2) 3a (4.2) 1 (1.9) 1 (6.2) 1 (5.3)
Coagulase-negative staphylococci 11 (5.5) 7 (6.3) 2 (2.8) 2 (3.8) e 2 (10.5)
S. epidermidis 4 2 e e e 2
S. haemolyticus 4 2 2 2 e e

S. homonis 3 3 e e e e

Gram negative bacilli 11 (5.5) 4 (3.6) 6 (8.4) 5 (9.4) e 2 (10.5)
Pseudomonas aeruginosa 7 1 6a,b 5 e 1b

Stenotrophomonas maltophilia 1 e e e e 1
Klebsiella pneumoniae 1 1 e e e e

Achromobacter xylosoxidans 1 1 e e e e

Enterobacter kobei 1 1 e e e e

Polymicrobial 11 (5.5) 6 (5.4) 4 (5.6) 3 (5.7) 1 (6.2) 1 (5.3)
S. aureus and P. aeruginosa 3 1 2 1 1 e

S. aureus and Candida species 2 1 e e e 1
S. aureus and E. faecium 1 e 1 1 e e

S. aureus and S. parasangunis 1 1 e e e e

S. aureus and S. epidermis 1 1 e e e e

S. aureus and Burkholderia cepacia 1 e 1 1 e e

S. epidermidis and Streptococcus gallolyticus 1 1 e e e e

S. epidermidis and E. gallinarum 1 1 e e e e

Miscellaneous
Brucella species 3 3 e e e e

Candida species 2 1 1 e 1 e

Diphtheroids 1 1 e e e e

Lactobacillus rhamnosus 1 e e e e 1

Abbreviation: IE e infective endocarditis; IDU e injection drug use; NVE e native valve endocarditis; PVE e prosthetic valve endocarditis
Values are given as n (%)
a,b Two patients had both IDU-IE and PVE, and two IDU-IE cases had both right and left sides involvement

a Both right and left-sided IE
b One of the two IDU-IE patients with both right and left sides involvement was culture-positive (P. aeruginosa)
c Nutritionally Variant Streptococci

Table 4
Septic emboli at admission and in-hospital outcomes in IE patients (n ¼ 199).

Parameters Total (n ¼ 199) NVE (n ¼ 111) IDU-IE (n ¼ 71) PVE (n ¼ 19)

Septic emboli at presentation
Pulmonary 71 (35.7) 27 (24.3) 42 (59.2) 3 (15.8)
Cerebral 28 (14.1) 20 (18.0) 7 (9.9) 1 (5.3)
Splenic 25 (12.6) 15 (13.5) 7 (9.9) 3 (15.8)
Peripheral extremities 13 (6.5) 6 (5.4) 4 (5.6) 3 (15.8)
Renal 11 (5.5) 3 (2.7) 2 (2.8) 6 (31.6)
Hepatic 2 (1.0) e 2 (2.8) e

Multiple (more than one) sites 32 (16.1) 17 (15.3) 11 (15.5) 4 (21.0)
Total events 110 (55.3) 49 (44.1) 52 (73.2) 10 (52.6)
Major complications during course
Acute kidney injury 34 (17.1) 19 (17.1) 8 (11.3) 7 (36.8)
Circulatory shock 18 (9.0) 10 (9.0) 3 (4.2) 5 (26.3)
Cerebrovascular accident 12 (6.0) 6 (5.4) 3 (4.2) 3 (15.8)
Valvular rupture or perforation 3 (1.5) 3 (2.7) e e

Pulmonary thromboembolism 2 (1.0) 1 (0.9) 1 (1.4) e

Cardiac tamponade 1 (0.5) 1 (0.9) e e

Need of cardiac surgical treatment 26 (13.1) 17 (15.3) 7 (9.9) 2 (7.7)
In-hospital mortality 34 (17.1) 17 (15.3) 9 (12.7) 9 (47.4)

Values are given as n (%).
Abbreviation: IE-infective endocarditis; IDU- injection drug use; NVE-native valve endocarditis; PVE-prosthetic valve endocarditis.
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(Tables 4 and 5). Mortality was similar in NVE and IDU-IE outcomes
were similar between culture-positive IE and culture-negative IE.
714
Themedian duration of hospital stay was 2 weeks (IQR, 1e4 weeks)
and was similar in the three IE forms.



Table 5
Univariant analysis for the predictors of mortality in infective endocarditis (n ¼ 199).

Variable Survived Died p-value

(n ¼ 165) (n ¼ 34)

Demographics
Age (years) (mean, SD) 33.5 (±13.8) 37.2 (±13.4) 0.152
Male sex (n, %) 138 (82.6) 29 (17.4) 1.000
Presenting features
Duration of illness (weeks) (median, IQR) 4.0 (2.0e12.0) 4.0 (3.0e8.0) 0.707
Septic emboli (n, %) 89 (80.1) 21 (19.9) 0.452
Severe anemia (hemoglobin <8 g/dl) (n, %) 33 (71.7) 12 (28.3) 0.073
Leukocytosis (n, %) 86 (77.5) 25 (22.5) 0.036
Acute kidney injury (n, %) 21 (61.8) 13 (38.2) 0.001
Predisposition
Prosthetic device (n, %) 10 (52.6) 9 (47.4) 0.001
Presence of injection drug use in native valve endocarditis (n, %) 61 (88.4) 8 (11.6) 0.516
Microbiology
Culture positive endocarditis (n, %) 109 (85.2) 19 (14.8) 0.326
Microbial etiology (n, %)
Staphylococci 67 (91.8) 6 (8.2) 0.005
Streptococci 13 (92.9) 1 (7.1)
Polymicrobial etiology 10 (90.1) 1 (9.1)
Enterococci 7 (58.3) 5 (42.7)
Gram negative bacilli 7 (63.6) 4 (37.4)
Echocardiography
Valve involved (n, %)
M itral valve 41 (80.4) 10 (19.6) 0.353
T ricuspid valve 54 (90.0) 6 (10.0)
Aortic valve 37 (86.0) 6 (14.0)
Multi-valve involvement (n, %) 20 (74.1) 7 (25.9) 0.189
Left-side involvement (n, %) 86 (79.6) 22 920.4) 0.163
Large vegetation (>10 mm) (n, %) 103 (83.1) 21 (16.9) 1.000
Need of cardiac surgery (n, %) 22 (84.6) 4 (15.4) 1.000

Note: Bold values are statistically significant.
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4. Discussion

This study, to our knowledge, is one of the largest-yet Indian
series of IE covering 11 years in a large academic medical center. It
demonstrates a significant shift in the spectrum of IE. IDU has
emerged as the most critical risk factor. While CHD remained
constant predisposing heart conditions, the proportion of RHD
cases trended downward. S. aureus replaced viridans streptococci
as the principal agent in NVE with or without IDU. Viridans strep-
tococci, enterococci, and CoNS were the following common or-
ganisms, concurring with worldwide data. PVE was uncommon
(<10%) and frequently culture-negative. The overall mortality of
17% showed a decrease but remained substantial. The risk was
associated with PVE, culture-positive with enterococci or GNB,
andbaseline leucocytosis or acute kidney injury.

Globally, the opioid epidemic has led to increasing admissions
for IDU-IE, with substantial health and cost implications.4,5,10,21,27,28

Our study, along with a recent study from Punjab, detected an
alarming increase in the proportion of IDU-IE in India compared to
the previous major IE series (Supplementary Table 1).15e22 A
continuously increasing ratio of IDU-IE was demonstrated over the
years in our study, except for a significant decline from 2014 to 2015
(Fig. 1), which was mainly attributed to active anti-drug use cam-
paigns during the elections in north India. A recent declining trend
of RHD in India and improved survival of CHD patients have
resulted in the flipping of the contributions of predisposing heart
conditions causing IE.22,23 Gynecological procedures or puerperal
sepsis typically predisposed IE in young or middle-aged women in
previous reports; however, only one case (post-abortion) in our
series seems parallel to the improved infection control practices in
India.15 Albeit the study was limited to geographic regions of north
India; a similar situation likely exists to a large extent across the
country.
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Because illicit drug use is almost exclusively occurring in males,
a high proportion of IDU-IE in our study, along with the less
prevalence of RHD (more commonly affects females) and uterine
factors, attributed to the striking male preponderance. Indian IE
population continued to remain young, given the principal etiol-
ogies being IDU, CHD, or RHD.15e22 This contrasts with western
cohorts’ median age of the sixth decade, mainly attributing to
increased use of implantable cardiac devices and other invasive
diagnostic and therapeutic interventions in patients with advanced
age.4,5,29 PVE accounted for <10% of our cases, and other health-
care-associated factors (e.g., hemodialysis, CRBSI) contributed less.

Microbial organism identification is crucial in defining the
optimal therapy regimen in IE. Blood culture positivity in about
two-thirds was fair in this cohort compared to previous studies,
though it left considerable room for improvement.4,5,15e22 Most
culture-negative patients can be explained by recent antibiotic
exposure; however, it may reflect infections (e.g., fastidious or-
ganisms, fungus) requiring better diagnostic techniques.30

Concurring with many studies from the developed world, we
have demonstrated a shift in the microbiological profile of IE, with
S. aureus surpassing viridans streptococci as the most frequently
isolated species in India.4e22 The increase in the proportion of
S. aureus in the western countries was mainly attributed to health
care contact and prosthetic device use.4,5,12e14,31 However, in this
study, PVE was not caused by S. aureus, and excluding those in-
stances where the infection was acquired by IDU, the mode of
acquisition in our NVE cases could not be ascertained. Moreover,
given this data is from a referral-based center, the results may not
reflect overall trends. Thus, the emergence of S. aureus as the single
predominant entity for IE in India needs confirmation by
population-based prospective studies.

As anticipated, most viridans streptococci (14/18) were isolated
from patients with a previously damaged valve due to CHD, RHD, or
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prosthetic valve.4,5,32 Streptococcal species such as S. pneumoniae
and S. pyogenes carry the lowest risks for IE and did not cause IE in
this cohort.32 Both S. aureus and viridans streptococci were
frequently beta-lactam resistant. Enterococci were the third most
common etiologic agents. In contrast to the previous experience,
E. faecium, not E. faecalis, was the predominant species in our
cohort, and the majority remained susceptible to ampicillin.4,5,33

The relatively high proportion of susceptible strains of entero-
cocci and CoNS was perhaps because most were community-
acquired. The polymicrobial group was more likely to have in-
fections from S. aureus, CoNS, Candida, GNB, and enterococci. The
relative contributions of GNB and fungi showed no significant
variation over time.15e22 P. aeruginosa remained next common to
S. aureus in IUD-IE. Overall, this study's microbiological and anti-
biotic susceptibility patterns reassure the western world's recom-
mendations for empirical treatment (pending culture results) with
the combination of vancomycin and gentamycin for IDU-IE and
ceftriaxone plus vancomycin for NVE without IDU in Indian pa-
tients.1,2,34 Small numbers, low culture positivity, and a heteroge-
neous bacteriological profile limit interpretation for PVE.

Fever, dyspnea, and other constitutional symptoms were the
chief presenting features in most cases. More than half of patients
had systemic emboli at admission, most frequently in IVD-IE (about
75%). These embolic phenomena might serve as the initial clinical
clue for diagnosing IE, e.g., in febrile patients with IDU with pul-
monary involvement or stroke.35e37Besides cardiorespiratory
manifestations, AKI, cerebrovascular complications, and anemia
were frequent, and AKI was associated with poor outcomes. Overall
in-hospital mortality was 17% which showed a decline comparing
previous Indian studies but remained substantial.4,5,15e22 This
report provided bedside risk stratification of four baseline features
associated with mortality - PVE, leucocytosis, AKI, and a microbial
etiology of GNB or enterococci. Notably, the presence of embolic
events, size or site of vegetations, and a polymicrobial etiology did
not predict deaths.37e39 In contrast to worldwide data, our IE pa-
tients had a low likelihood to undergo surgical interventions to
improve outcomes despite being at risk for high complications (e.g.,
large vegetation) and being in a large referral academic institute.
Although our study does not provide information about the bene-
fits of surgery, the emerging data showing less adverse events and
improved outcomes emphasize the need for improved IE cardiac
surgery practices in this part of the world.37,38,40,41

4.1. Limitation

Our major limitations were single-center data, retrospective
design, and referral bias of a tertiary-care hospital. Because some
clinical features (e.g., orthopnea, paroxysmal nocturnal dyspnea,
cardiac murmur, added heart sounds, elevated jugular venous
pulsation, splenomegaly) had variable documentation in the pa-
tient records, we had to exclude them in the analysis. Similarly,
laboratory investigations including, inflammatory markers (e.g., C-
reactive peptide, erythrocyte sedimentation rate), cardiac bio-
markers (e.g., pro-B-type natriuretic peptide), and serological
markers (e.g., for hepatitis B, hepatitis C, and human immunode-
ficiency virus infections associated with IDU), were not available in
the databases of all patients.

Given the variable documentation of clinical features (e.g.,
dyspnea, orthopnea, crackles, lung infiltrates) and their attribution
to either cardiac or respiratory failure, along with the unavailability
of adjunctive biomarkers, we could not define the exact prevalence
of heart failure or respiratory failure in this cohort. Clinical out-
comes would also require more exposition on the clinical infor-
mation, such as treatment details (partial oral treatment,
outpatient parenteral antibiotic treatment, surgical procedures
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undertaken) that may be limited by the data collection design of
this audit.

5. Conclusion

This retrospective study, spanned over a decade, captures the
changes in IE profile among Indian patients due to the growing
opioid epidemic and the declining RHD trend. S. aureus emerges as
the single predominant entity in NVE with or without IDU. PVE is
uncommon and has a high mortality rate. Although these results
require confirmation from multicentre prospective studies, our
study highlights the need for effective policy interventions to
address growing IDU, adherence to infection-control practices,
management of drug dependence, and appropriate patient selec-
tion for valve surgery.
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