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Partial Oral versus Intravenous Antibiotic Treatment of Endocarditis.

Iversen K, Ihlemann N, Gill SU, Madsen T, Elming H, Jensen KT, Bruun NE, Hafsten DE, Fursted K,
Christensen JJ, Schultz M, Klein CF, Fosbgll EL, Rosenvinge F, Schanheyder HC, Kaber L, Torp-Pedersen C,
Helweg-Larsen J, Tander N, Moser C, Bundgaard H.

N Engl J Med. 2019 Jan 31;380(5):415-424. doi: 10.1056/NEJM0a1808312. Epub 2018 Aug 28.

PMID: 30152252 Clinical Trial.

BACKGROUND: Patients with infective endocarditis on the left side of the heart are typically treated
with intravenous antibiotic agents for up to 6 weeks. Whether a shift from intravenous to oral

antibiotics once the patient is in stable condition woul ...

Association Between Vegetation Size and Outcome in the Partial Oral Antibiotic
Endocarditis Treatment Trial.

Carter-Storch R, Pries-Heje MM, Povlsen JA, Christensen U, Gill SU, Hjulmand JG, Bruun NE, Elming H,
Madsen T, Fuursted K, Schultz M, Christensen JJ, Rosenvinge F, Helweg-Larsen J, Fosbgl E, Kgber L, Torp-
Pedersen C, Tgnder N, Moser C, Iversen K, Bundgaard H, lhlemann N.

Am J Cardiol. 2024 Jul 1;222:131-140. doi: 10.1016/j.amjcard.2024.04.058. Epub 2024 May 3.

PMID: 38703884 Free article. Clinical Trial.

Step-down oral antibiotic therapy is associated with a non-inferior long-term outcome compared with
continued intravenous antibiotic therapy in the treatment of left-sided infective endocarditis. We aimed

to analyze whether step-down oral therapy compa ...
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Partial oral treatment of endocarditis.
Iversen K, Hgst N, Bruun NE, Elming H, Pump B, Christensen JJ, Gill S, Rosenvinge F, Wiggers H, Fuursted
K, Holst-Hansen C, Korup E, Schgnheyder HC, Hassager C, Hafsten D, Larsen JH, Moser C, lhlemann N,
Bundgaard H.

Am Heart J. 2013 Feb;165(2):116-22. doi: 10.1016/j.ahj.2012.11.006. Epub 2013 Jan 3.

PMID: 23351813 Clinical Trial.

BACKGROUND: Guidelines for the treatment of left-sided infective endocarditis (IE) recommend 4 to 6
weeks of intravenous antibiotics. Conversion from intravenous to oral antibiotics in clinically stabilized

patients could reduce the side effects associ ...

Oral antibiotic treatment of right-sided staphylococcal endocarditis in injection
drug users: prospective randomized comparison with parenteral therapy.

Heldman AW, Hartert TV, Ray SC, Daoud EG, Kowalski TE, Pompili VJ, Sisson SD, Tidmore WC, vom Eigen
KA, Goodman SN, Lietman PS, Petty BG, Flexner C.

Am J Med. 1996 Jul;101(1):68-76. doi: 10.1016/s0002-9343(96)00070-8.

PMID: 8686718 Free article. Clinical Trial.

PATIENTS AND METHODS: In a prospective, randomized, non-blinded trial, febrile injection drug users
were assigned to begin oral or intravenous (IV) treatment on admission, before blood culture results

were available. Oral therapy consisted of ciprofloxacin and rifam ...
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diagnosis, antimicrobial therapy, and management of complications:a scientific statement for
healthcare professionals from the American Heart Association. Circulation 2015;132:1435-1486.
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Oral antibiotic therapy for the treatment of infective endocarditis: a systematic review. BMC Infect
Dis 2014;14:140-140.
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Inclusion criteria

- 18imLA DR A
- HIDRBREODARR EZEN TS
IRIBEERHDNLLT D4 DOWNT NNMNTPRESNTLNS

—Streptococcus spp.. Enterococcus faecalis. Staphylococcus aureus. Coagulase-negative staphylococci
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exclusion criteria
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TARE (ZAIH)

Intervention

RZD D BKIOATFS Y RSN Staphylococcus aureus

HIXU 75—

2T ROBKE

1.7+ > 1g x 4[0l /H + Fusidic acid 0.75g x 2[o] /H

2. 7FF22 U 1gx4B,/H + UJ7>EZ> 0.6g x 26 /H

3.V R 0.6g x 2[8]/H + Fusidic acid 0.75g x 2[@,/H

4.UxVJUR0.6g x2B]/H + UJ7>EZ> 0.6g x 2[E,/H



Intervention

TARE (ZAIH)

AF USRS Staphylococcus aureus DL 705 —PEM D ROBKE

1. Dicloxacillin 1g x 48] /H + Fusidic acid 0.75g x 2[6]/H
2. Dicloxacillin 1g x 4[8]/H + UJ7>E>> 0.6g x 2[E/H
3.V R 0.6g x 2[8] /H + Fusidic acid 0.75g x 2[@,/H
4.V R 0.6g x 2B]/H + UJ7>EZ> 0.6g x 2[E],/H



Intervention

TARE (ZAIH)

AF Yt A70 S5-I ROKE

1.UxRYVU R 0.6g x 2[E,/H + Fusidic acid
2.UxVURO0.6g x 2[B]/H + UJ7>EZ> 0.6g x 2[E]/H



Intervention

TARE (ZAIH)

Enterococcus faecalis

1.7EF22U> 1g x4Bl/H + UTJ7>EZ> 0.6g x 2[E],/H

2. 7€F>1U> 1g x 4B /H + EF>TJ0O+FY=> 0.4g x 1[0]H
3.UxVURO0.6g x 2[B]/H + UJ7>E>> 0.6g x 2[E]/H

4. UV R0.6g x 28/H + EF>TJOFYS> 0.49 x 1[8,/H



Intervention

TARE (ZAIH)

BiEEkE (RZ= > MIC >1 mg/L )

1.V Roegx2EB,/H+ UJ7>ES> 0.6g x 2[8],/H
2EFSTJ0OFYEI > 04gx1Bl/H + UTJ7>ES> 0.6g x 2[8],/H
3. 5+ J0FY=S > 04g x 1Bl /H + US> 0.6 x 30,/ H



Intervention

TARE (ZAIH)

EHEEEKE (RZ= 1> MIC<1 mg/L)

1.7EF22U> 1gx4Bl/H + UJ7>EZ> 0.6g x 2[E],/H
2.UxYVURO0.6g x 2[B]/H + UJ7>EZ> 0.6g x 2[E]/H
3.UxVUR0.6g x 2[B] /H + EF>JOFHYZ > 0.4g9 x 1[8]/H

MIC : Minimum Inhibitory Concentration (B/I\FEBPEIEEE)



EERAEEmHR : PEFS U

6. BERUHAE

FEFZSUKNYE LT, BE1E250mg (Hffl) Z1H3~4EEOEST 3.
B, Eim. FERICELDBEIBRT 3.

JI\1B

FEFZZU KN ELUT, BE1H20~40mg (Hff) /kgE3~4ECHEEORET S,
R, Fip. FERICEDBEEIBRT M. 1IHEEL U THEAIOMg (Hif) /kgEiBXRANT &,

1HIE




EEAERR: UIJ7>ES> *ﬁE

<\ >
AR CRREDY A )\ OFUDI LR

<SBIVE >
BT OMOEE. XA )\ OFUDA - PEILTILTL VIR (MAC) JEESDIEEXENBRE. J\ U R

<SRV TOMOBZIE>
BERACE UI7>ES>EUTLE450mg (Oif) Z1H1ESHEORS53 D, 22U, BEHARDS 35E8(3E2BE5TEL, RAlE U THBRIZERIES E L. Fi. AR
FOBEIBRT D, /T, thOTEZE EDOHANEELL.

SMACEZSUIHEHITNIERE>

BERACIE VD72 ES > EUTIE450mg (Hffi) Z1H1IESHEEORST 3. RAIE U THERZEERES L. Fil. BR. AECLDBEEERI M. 1BRAZE(3600mg (H
fii) ZEBRR\,




EFRAERm : URVUR *ﬁE

6. HERUHE

EE. AR5 EO/NBCEUFRY U REUTIH1200mgZ 2B (C53 1 1E600mgZ 1285/ & (CEORS T .
BE. 12FFRBO/NBICEVURVU RELUTIEILIOMg/kgESEBRIC & (CROBS T D, D, 1EIRS5E8EE L T600mgEBI AT &,

EERAE=ESR : PANOVIR

6. AENUHAE

BE. KACEEFZIO0FD922E0UT 1E400mgZE1HIEREORS T D,




)70 B

=D N o8 VAN

5245 MEEIBOHMAICHEE UZUTDIERICKDEST I MO LDEE
F£4I8H : FERFET. BROBFE. TR b FESNDDIEIMIF DO EE

L,

2lREN D7D ML
ERDI D SALIREDRER, BIJII—TZEDEETD MOLFER, BYBRE(CE D HEZRMPRE O
ABHAfE. GHERER(CRET DHESER. AEFIEFTIBAROEE, FRIL A DEER



et I

H> I+ X: 40054 (1994/420O08F. 2014 /55 RS S5EY)
JELMHENY—=>213+10% (TESFE

M AE: ITTHERT

FE7 MHLADLEER(C(E) R TZEDIS%EFEX 2= UV TIES M ZAREE
gIREYI7T B A AIC(E. Coxtefl) \ B — REF) LT Kaplan-Meiergi#rz AU\
A {7 ARt Elite

ITT : intention-to-treat
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FEESTHBIEEH OB ESRCHE T DBRE(SBFEONEN SHE 1.
LUFOED U

- PIETER : 2~5%
- FENFIT  1~3%
- BRI 1 1~2%
- FIMAEDBFE : 1~3%

CN5Z6&(c. EEFHUARLAFDYRI(I5~13% LBESNIZ

BEF DR -
Iversen K, Hgst N, Bruun NE, et al. Partial oral treatment of endocarditis. Am HeartJ 2013;165:116-22.
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1954 Patients were assessed for eligibility 1954% @%%b\‘ﬁIE

1554 Were excluded 1554 DA E NI
428 E)rlictie?ic;t fulfill modified Duke 4284, : {EIFDuke LR E= =
174 Had endocarditis caused . = — = -
by other bacteria "174% : fIOHERIC KD EDTH O
3 Were febrile (temperature o 3% FKBBHD ({AE=38.0°C)
238.0°C) o -
132 Had high level of C-reactive «132%4% : CRPE /= (FEMEREI N BB
protein, white cells, or both _
130 Had signs of abscess *130% : IRIBHERRDATRH D
formation
13 Had no TEE available <48 hr « 13% : 48FFRIAAICTEE fBITCTE T
3 Were severely obese = N
(BMI >40) - 3% : BEE®E (BMI>40)
I 64 Had other infection requiring — . 644 MOBRFEDIVABEEEYT 3

intravenous treatment

22 Were not expected to adhere . RV 3B = N R *8
to the assigned regimen 224  BEDOESTHEEE S T8
14 Had sgspec;ed reduced e 144  SHAELERINBEDIEK T RELY
gastrointestinal uptake
303 Were not willing or able *303% : BERENATIEE. IES
to give consent .
18 Had heart-valve surgery « 18% : DMERFMNFE
planned P
25 Had impaired immune « 25%  REBICENECRT
response . < e BT/
4 Had had endocarditis within © 4% BERIFLAOLREREE

the previous yr

150 M'et other exclusion criteria ‘150% . %@'f@@ﬁ%%‘g’—%(cg-ﬁ_{%
71 Died . 714 ¢ BET-

\J

J
400 Underwent randomization ,ﬁ\}\'ﬂzﬁ'ft ént%% . 400%

, | , |

199 Were assigned to intravenous 201 Were assigned to a shift to oral 1994‘% : 2014’% :

antibitic treatment sntibiotic treatment BIRARERARECEH O[T || BORBEABADYDEECHI0 M3




Table 1. Characteristics of the Patients at Baseline.”

Characteristic
Mean age —yr
Female sex — no. (%)

Body temperature — °C

Coexisting condition or risk factor — no. (%)

Diabetes

Renal failure

Dialysis

COPD

Liver disease

Cancer

Intravenous drug use
Pathogen — no. (%)

Streptococcus

Enterococcus faecalis

Staphylococcus aureust

Coagulase-negative staphylococci

Intravenous
Treatment

(N=199)
67.3£12.0
50 (25.1)
36.940.45

36 (18.1)
25 (12.6)
13 (6.5)
17 (8.5)
7(3.5)
14 (7.0)
3(L5)

104 (52.3)
46 (23.1)
40 (20.1)
10 (5.0)

Oral
Treatment
(N=201)

67.6412.6
42 (20.9)
37.040.44

31 (15.4)
21 (10.4)
15 (7.5)
9 (4.5)
6 (3.0)
18 (9.0)
2 (1.0)

92 (45.8)
51 (25.4)
47 (23.4)
13 (6.5)

Laboratory results at randomization
Hemoglobin — mmol/liter
Leukocytes — x107%/liter
C-reactive protein — mg/liter
Creatinine — pmol/liter

Preexisting prosthesis, implant, or cardiac
disease — no. (%)

Prosthetic heart valve
Pacemaker
Other known valve disease

Cardiac involvement at randomization
— no. (%)§

Mitral-valve endocarditis
Aortic-valve endocarditis

Mitral-valve and aortic-valve
endocarditis

Endocarditis in other locationsf
Pacemaker endocarditis

Vegetation size >9 mm

Moderate or severe valve regurgitation

Valve surgery during current disease
course

6.3+1.1

7.6+3.6
243+184

1244112

53 (26.6)
15 (7.5)
82 (41.2)

65 (32.7)
109 (54.8)
23 (11.6)

2(1.0)
6 (3.0)
7 (3.5)

19 (9.5)

75 (37.7)

6.5+1.0

72426
19.9+16.7

1411164

54 (26.9)
20 (10.0)
90 (44.8)

72 (35.8)
109 (54.2)
20 (10.0)

0
8 (4.0)
11 (5.5)
23 (11.4)
77 (38.3)




(EES

& FEFPDI MNHLRER = (PO-1v) 95%{SFAX 5]
IVEE 9.0% (18/199)

RO 12.1% (24/201) +3.1% ~3.4% ~ +9.6%

FEESTMIAB (Primary Composite Outcome) [CHRFNDIDDBRERENETNORERE

Table 2. Distribution of the Four Components of the Primary Composite Outcome.®
Intravenous Oral
Treatment Treatment Hazard Ratio
Component (N=199) (N =201) Difference (95% Cl)
percentage points
number (percent) (95% CI)
DIEAFETS | All-cause mortality 13 (6.5) 7 (3.5) 3.0 (-1.4107.7) 0.53 (0.21 to 1.32)
3'5%—'—@0),1}}]@9**&'_%5%1& Unplanned cardiac surgery 6 (3.0) 6 (3.0) 0 (-3.3toc 3.4) 0.99 (0.32 to 3.07)
%*@,r/\\/ I\ Embolic event 3 (1.5) 3 (1.5) 0 (-2.4 to 2.4) 0.97 (0.20 to 4.82)
— s Relapse of the positive blood culturet 5(2.5) 5 (2.5) 0 (-3.1to 3.1) 0.97 (0.28 to 3.33)
BRI IMYAE D EF R | | | | |
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No. at Risk
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Figure 2. Kaplan-Meier Plot of the Probability of the Primary Composite

Outcome.

The primary composite outcome was all-cause mortality, unplanned cardiac

surgery, embolic events, or relapse of bacteremia with the primary pathogen,
from randomization until & months after antibiotic treatment was completed.

The oral treatment group shifted from intravenously administered anti-
biotics to orally administered antibiotics at a median of 17 days after the
start of treatment. The inset shows the same data on an enlarged y axis.
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Interaction
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Intravenous Oral
Subgroup Treatment Treatment Odds Ratio (95% Cl)
no. of events flotal no. (%)
All patients 24/199 (12.1)  18/201 (9.0) @i
Age :
=65.5 yr 9/83 (10.8) 7/91 (7.7) —e———
655 yr 15/116 {12.9) 11/110 (10.0) ————f
Sex s
Femnale 5/50 (10.0) 6/42 (14.3) ——e
Male 19/149 (12.8)  12/159 (7.5) —e—
Diabetes .
Yes /36 (22.2) 4/32 (12.5) ——
No 16/163 (9.8) 14/169 (8.3) e
Renal disease s
Yes 5/25 (20.0) 521 (23.8) b =
No 19/174 (10.9) 13/180 (7.2) .
Bacteria :
Streptococci 10/104 (9.6) 8/92 (3.7) pooe
Enterococcus faecolis 7/46 (15.2) 4/51 (7.8) ——tA
Staphylococeus aurews 3140 {7.5) 3/47 (6.4) booe i
Coagulase-negative 4/10 (40.0) 3/13 (23.1) ——t
staphylococci .
Surgical treatment :
Yes 6/75 (8.0) 3(77 (3.9) [
Ne 18/124 (14.5)  15/124 (12.1) e
Type of valve '
Prosthetic heart valve 11753 (20.8) 6/54 (11.1) ———
Native heart valve 13/146 (8.9) 12/146 (8.2) e
Involved valve i
Aortic valve 16/109 (14.7) 11/109 (10.1) —y
Mitral valve 6/65 (9.2) 5(72 (6.9) ———————————
0{0 lTD ZTU 3{0 ‘TU STO y
Oral Treatment Better Intravenous Treatment Better
Figure 3. Rates of the Primary Outcome in Prespecified Subgroups.
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TRIAL PROCEDURES
Participants were randomly assigned in a 1:1 ratio
to continued intravenously administered antibiotic

treatment or to a shift to orally administered anti-
biotic treatment. Randomization was Performed
with the use of a Web-based system, in permuted
blocks of 2 to 6, with stratification according to
randomization site.

tary Appendix). Generally, the two groups were
well balanced with regard to baseline character-

istics (Table 1). The majority of patients were men




Table 1. Characteristics of the Patients at Baseline.”

Characteristic
Mean age —yr
Female sex — no. (%)

Body temperature — °C

Coexisting condition or risk factor — no. (%)

Diabetes

Renal failure

Dialysis

COPD

Liver disease

Cancer

Intravenous drug use
Pathogen — no. (%)

Streptococcus

Enterococcus faecalis

Staphylococcus aureust

Coagulase-negative staphylococci

Intravenous
Treatment

(N=199)
67.3£12.0
50 (25.1)
36.940.45

36 (18.1)
25 (12.6)
13 (6.5)
17 (8.5)
7(3.5)
14 (7.0)
3(L5)

104 (52.3)
46 (23.1)
40 (20.1)
10 (5.0)

Oral
Treatment
(N=201)

67.6412.6
42 (20.9)
37.040.44

31 (15.4)
21 (10.4)
15 (7.5)
9 (4.5)
6 (3.0)
18 (9.0)
2 (1.0)

92 (45.8)
51 (25.4)
47 (23.4)
13 (6.5)

Laboratory results at randomization
Hemoglobin — mmol/liter
Leukocytes — x107%/liter
C-reactive protein — mg/liter
Creatinine — pmol/liter

Preexisting prosthesis, implant, or cardiac
disease — no. (%)

Prosthetic heart valve
Pacemaker
Other known valve disease

Cardiac involvement at randomization
— no. (%)§

Mitral-valve endocarditis
Aortic-valve endocarditis

Mitral-valve and aortic-valve
endocarditis

Endocarditis in other locationsf
Pacemaker endocarditis

Vegetation size >9 mm

Moderate or severe valve regurgitation

Valve surgery during current disease
course

6.3+1.1

7.6+3.6
243+184

1244112

53 (26.6)
15 (7.5)
82 (41.2)

65 (32.7)
109 (54.8)
23 (11.6)

2(1.0)
6 (3.0)
7 (3.5)

19 (9.5)

75 (37.7)

6.5+1.0

72426
19.9+16.7

1411164

54 (26.9)
20 (10.0)
90 (44.8)

72 (35.8)
109 (54.2)
20 (10.0)

0
8 (4.0)
11 (5.5)
23 (11.4)
77 (38.3)
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Table 2. Distribution of the Four Components of the Primary Composite Outcome.*

Intravenous Oral
Treatment  Treatment
Component (N=199) (N=201) Difference
percentage points
number (percent) (95% ClI)
All-cause mortality 13 (6.5) 7 (3.5) 3.0(-14t07.7)
Unplanned cardiac surgery 6 (3.0) 6 (3.0) 0 (-3.3to 3.4)
Embolic event 3 (1.5) 3 (1.5) 0 (-2.4to 2.4)
Relapse of the positive blood culture} 5(2.5) 5 (2.5) 0(-3.1to3.1)

Hazard Ratio
(95% Cl)

0.53 (0.21 to 1.32)
0.99 (0.32 to 3.07)
0.97 (0.20 to 4.82)
0.97 (0.28 to 3.33)
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Subgroup

All patients
Age
=65.5 yr
>65.5 yr
Sex
Fernale
Male
Diabetes
Yes
No
Renal disease
Yes
No
Bacteria
Streptococci
Enterococcus faecalis
Staphylococcus aurews
Coagulase-negative
staphyloceocci
Surgical treatment
Yes
No
Type of valve
Prosthetic heart valve
Native heart valve
Involved valve
Aortic valve
Mitral valve

Oral
Treatment

Intravenous
Treatment

no. of events ftotal no. (%)

24/199 (12.1) 18/201 (9.0)

9/83 (10.8) 7/91 (7.7)
15/116 (12.9) 11/110 (10.0)
5/50 (10.0) 6/42 (14.3)

19/149 (12.8) 12/159 (7.5)

8/36 (22.2) 4/32 (12.5)
16/163 (9.8) 14/169 (8.3)
5/25 (20.0) 5/21 (23.8)

19/174 (10.9) 13/180 (7.2)

10/104 ({9.6) 8/92 (2.7)
7/46 (15.2) 4/51 (7.8)
/40 {7.5) 3747 (6.4)

4/10 (40.0) 3/13 (23.1)
6/75 (8.0) 3(77 (3.9)

18/124 (14.5) 15/124 (12.1)

11/53 (20.8) 6/54 (11.1)
13/146 (8.9) 12/146 (8.2)
16/109 (14.7) 11/109 (10.1)
6/65 (9.2) 5/72 (6.9)

Odds Ratio (95% Cl)

i

T T T T
4.0 5.0

6.0

Oral Treatment Better

Intravenous Treatment Better

0.72 (0.37-1.36)

0.68 (0.23-1.93)
0.75 {0.32-1.70)

1.50 {0.42-5.59)
0.56 (0.26-1.18)

0.50 (0.12-1.78)
0.23 (0.39-1.76)

1.25 {0.31-5.24)
0.64 (0.30-1.32)

0.90 (0.33-2.37)
0.47 {0.12-1.69)
0.24 (0.15-4.78)
0.45 {0.07-2.72)

0.47 (0.10-1.24)
0.21 {0.39-1.69)

0.48 (0.15-1.37)
0.92 {0.40-2.09)

0.65 {0.28-1.47)
0.73 {0.20-2.56)

P Value for
Interaction

0.34

0.19

0.51

0.40

0.94

0.50

033

0.56

Figure 3. Rates of the Primary Outcome in Prespecified Subgroups.
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Intervention(CE UL T

EOFIEZREORM : XRZSU > MIC<1 mg/L DOEFHEKE]

1. 7EFISU> 1g x 4B/H + UJ7»>ES> 0.6g x 2B,/ H
2. UV R 0.6g x 2Bl /H + UJ7>E>> 0.6g x 26 /H
3. UV R 0.6g x 2B /H + EF>7J0OF+Y>> 0.4g x 1E/H
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