What's hot in infective endocarditis?
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Recommended treatment of
Infectious left-sided endocarditis

* 4 t0 6 weeks In-hospital

e |v antibiotics (Iv lines)

» Work-up for endocarditis

* Work-up for primary focus

» Heart valve surgery ~50% of cases

» Dally ward rounds

» Careful monitoring - “Institutionalised” 24/7/4-6



Why try to reduce In-hospital treatment?

* The long admissions are assoclated
with Increased risk of complications

* Reductions In the length of hospital stay
nave been associlated with improved
outcome In other patient groups

* Reduce costs In the health care system




| ength of stay and number of admissions In Denmark

From 2007 to 2013 we had a 3,000 hospital bed reduction (20%).

In 2017/18 the average length of stay Is less than 3 days.
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Options for modifying these regimens

 Reduce duration of v antibiotic treatment

» Use Outpatient Parenteral Antibiotic
(Antimicrobial) Therapy (OPAT) regimens

e - Or —to maintain recommended duration, but In

stable patients swap from an initial iv regimen to
an oral regimen — in the out-patient clinic



When to switch from v in-hospital (IPAT)
to out of hospital — OPAT?

Depends on timing of major adverse
outcomes or complications In Infectious
endocarditis

e Death
 Heart fallure
e Emboli




Impact of Valve Surgery on 6-Month Mortality in Adults With Complicated,
| eft-Sided Native Valve Endocarditis: A Propensity Analysis on whether

valve surgery Is assoclated with reduced mortality.
Vikram et al. JAMA 2003

Congestive Heart Failure Groups
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None to Mild CHF Group
Surgery 67
Medical Therapy 68

Moderate to Severe CHF Group
Surgery 42
Medical Therap 41




Timing of fever In 123 patients with Infective endocarditis in a Kaplan-
Meier plot that shows cumulative frequency of defervescence.
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Timing and Incidence of embolic events In patients with infective
endocarditis. pt-days, Patient-days.
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Phase of treatment Guidelines for use

Critical phase (weeks 0-2) Complications of |[E occur most frequently during this phase, and timely diagnosis 1s important
for achieving optimal outcome.

Preferred management: |[PAT for 2 weeks.

Exceptions: OPAT can be considered at 1 week for patients who meet the following 3 critena:
(1) infection with viridans streptococcal IE®; (2) medically stable condition without fever and
with negative blood culture results, and stable electrocardiogram at time of proposed dis-
charge; (3) no complications of |[E and not in high-risk subgroup (see below).

Continuation phase (weeks Most patients who have not suffered complications of IE are likely to remain stable during the
2-4 or 2-6) remainder of therapy, but side effects of parenteral antibiotic therapy may still occur.

Preferred management: OPAT can be considered for the majority of patients who are medi-
cally stable (see above).

Exceptions: |IPAT should generally be continued for patients with any of the following charac-
tenistics: (1) complications of Ik, such as congestive heart failure, conduction abnormality,
mental status change, or evidence of perivalvular abscess on a transesophageal echocardio-
gram; (2) members of a high-risk subgroup: acute Ik, aortic valve disease, prosthetic valve

disease, or |E caused by Staphylococcus aureus or other virulent organisms.b
Essential elements of Patients should be educated and fully informed about the complications of |E and indications
OPAT therapy for and method of contacting their physician or |E care team.

Patients and family should be reliable, compliant, and live close to the hospital.

Routine postdischarge evaluation should include biweekly office or |E care team home visits
during OPAT. Same-day evaluation by a member of the |E care team should be available for
patients with recurrent fever or new symptoms.

“ Expert consultation on individual patients may identify other low-virulence, low-risk organisms for which a similar approach may be taken.

» Streptococcus pheumoniae, Haemophilus influenzae, Neisseria meningitidis, Neisseria gonorrhoeae, beta streptococci, gram-negativebacteria,
and fungi.

Mary-Margaret Andrews, and C. Fordham von Reyn Clin
Infect Dis. 2001,;33:203-209

Clinical Infectious Diseases



2015 ESC Guidelines for the management of infective endocarditis
(Habib et al. Eur Heart J 2015)

Phase of

Guidelines for use
treatment

Critical phase
(weeks 0-2)

» Complications occur during this phase

* Preferred inpatient treatment during this phase

» Consider OPAT if: oral streptococci or
Streptococcus bovis, native valve,” patient stable,

no complications

Continuation * Consider OPAT if medically stable
* Do not consider OPAT if: HF, concerning

echocardiographic features, neurological signs, or
renal impairment

Essential for * Educate patient and staff
* Regular post-discharge evaluation (nurses |/day,
physician® in charge | or 2/week)*

OPAT

* Prefer physician-directed programme, not home-
infusion model

Criteria that determine suitability of outpatient parenteral antibiotic therapy for infective endocarditis
(Adapted from Andrews and von Reyn. CID 2001)
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Short communication
Outpatient parenteral antimicrobial therapy for infective endocarditis:
A cost-etfective strategy
lraitement parenteral ambulatoire des endocardites infectieuses : une strategie coiit-efficace

A. Lacroix?, M. Revest®Y, S. Patrat-Delon?, F. Lemaitre ™Y, E. Donal ¢, A. Lorléac’h®, C. Arvieux?,
C. Michelet®9, P. Tattevin **%°¢
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OPAT saved 15,000 euros per patient




Speculation

Does a microblal agent exposed to an
antibiotic die more If the antibiotic come Into
the body through

* a line In the velin compared to
e entering through the mouth?




Intravenous Followed by Oral Antimicrobial Therapy for Staphylococcal
Endocarditis

RICHARD H. PARKER. M.D.: and BYRON E. FOSSIECK, Jr., M.D.; Washington, D.C,

Ann Intern Med 1980

N=33, Staph aur, cardiac murmurs, v mainly natcilir
16 days Iv + 26 days oral; all cured

Po mainly dicloxacillin or oxacillin

TREATMENT OF RIGHT-SIDED STAPHYLOCOCCUS AUREUS
ENDOCARDITIS IN INTRAVENOUS DRUG USERS WITH
CIPROFLOXACIN AND RIFAMPICIN

R.J. Dworkin * , MA. Sande, B.L. Lee, H.F. Chambers
Lancet 1989

Ciprofloxacin v initially. N = 10, all cured



(Oral Antibiotic Treatment of Right-sided Staphylococeal
Endocarditis in Injection Drug Users: Prospective
Randomized Comparison with Parenteral Therapy

Alan W. Heldman, MD, Tina V. Hartert, MD, Stuart C. Ray, MD, Cmile G. Daoud, MD,

Thomas E. Kowalski, MD, Vincent J. Pompii, MD, Stephen D, Sisson, MD, William C. Tidmore, MD,
Heith A, vom Eigen, MDD, Steven N. Goodman, MD, PhD, Paul 5. Lietman, MD, PRD,
Brent . F'-E'tt}", ML, Charles Flexner, MD, Baltimare, Maryland Am J Med 1996

Febrile iv drug-users
N=573
M Randomization arantas]
n=287 N=286

RSSE: RASSE Not RSSE

Right-sided Staphylococcal endocarditis "

Randomized to:

Po — ciprofloxacin and rifampicin, e —

- . complete
IV oxaclllin or vancomycin, - treatment treatment smreese
- - . an & follow- follow- s

Both combined with gentamicin for 5 days. | comptete =19 0| lna2s COmpte
treatment treatment
Nn=21 Nn=20

4 weeks treatment.

cured falled cured tailed
18 1 22 3



Gender
Male

Male

Male
Male
Female

| Male

Male
Male

Female

Female

Male

Male

Oral antibiotics for infectious endocarditis:
Experience In our Institution
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fB-hacmuolytic
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Staphvlococcus

dUDTLLS

Streplococcus

SAnEIus

Staphvloccocus

LT

Enterococcus

laecalis

Coapulase negative

Valve[s])/malterial
involved

Prosthetic bhiological

mitral valwve

Aortic and mitral valve

Mitral valve

Prosthetic biological
mitral valye
Mitral valve

| Aortic valye
Prosthetic biological

mitral valye
Pacemaker electrode

staphviococcus

fB-havmolytic

Aortic valve

streplocc proup ©

Staphvlococcus
lupdunesis
Salmonella

Coapulase-nepative

| Pacemaker clectrode

Aortic and mitral valve

staphylococcus

Peroral
medication
Fucidin and
rimactan

Linezolid and
moxilloxacin

Fucidin and
linezolid

Fucidin and
rumactan

Linezolid and
maxifloxacin
Himactan and
linezolid

Linezolid

Himactan and
linezolid

Himactan and
linezolid

Penicillin and
linezolid
Ciproflaxacin

Penicillin

Treatment duration Surgery Outcome
[Parental /peroral )
13 days /28 davs M o Succes

17 days /30 davs Yis prosthetic

biolagical mitral
and aortic valve

Succes

_ e
_ e
1L

17 days/ 24 davs

29 days /15 davs

Succes

15 days f17 days

29 days /15 davs Yis prosthetic sSucces

biolagical aortic

valvie

R
Yies, removal of Succes
infected electrode

AU days 10 davs
46 days /16 davs

24 days /6 days Yis, prosthetic succes
binlacigal aortic
valve

Yies, removal of
intected clectrode
Yis, prosthetic
biolacigal aortic
valve

35 days /14 davs

Succes

Succes

42 days /21 davs

41 days/
S davs

Yis, prosthetic
biolacigal aortic
and mitral valve

lversen et al. Eur Heart J 2013.



Experience of switch to antibiotics In a patient cohort from 2000-13.

532 medical files screened

Georges-Pompidou European Hospital

106 medical files excluded

Local protocols:
=/ days Iv Duke criteria
General conditionresolution of fever - =
Reduction CRP
Negative blood cultures 426 cases of IE included
Normalization of leucocytosis
Normalization of serum creatinine
Disappearance or reduction of imaging
abnormalities

due to missing data on the

369 (87%) definite IE
57 {13%) possible IE

It all fulfilled ->definitive oral antibiotics

o S B il
Oral group (n=214) IV group (n=212)
179 {84%) definite IE 190 (90%) dehnite |E
35 (16%) possible IE 22 {10%) possible IE

Copyright © 2016 European Society of Clinical Microbiology and Intectious Diseases_Terms and Mzabl et al. Clinical Microbiology and Infection 2016
Conditions 22, 607-612DOI: (10.1016/j.cmi.2016.04.003)
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The oral regimens

Table 3
Oral antibiotic regimen according to microorganism identified

Microorganism Antibiotic regimen

Amoxicillin (n = 84; 92%)

Amoxicillin—clindamycin (n = 4; 4%)
Amoxicillin—rifampin (n = 3; 3%)
Clindamycin—(rifampin or fluoroquinolone) (n = 15; 28%)
Fluoroquinolone—rifampin (n = 13; 24%)
Amoxicillin—(rifampin or fluoroquinolone or clindamycin)
(n =9; 17%)

Fluoroquinolone (n = 4; 7%)

Amoxicillin (n = 4; 7%)

Clindamycin (n = 4; 7%)

Rifampin—{ Bactrim or doxycycline) (n = 2; 4%)

Linezolid (n = 2; 4%)

Rifampin (n = 1; 2%)

Amoxicillin (n = 21; 91%)

Amoxicillin—rifampin (n = 2; 9%)

Streptococcl
(n=91)

Staphylococci
(n = 54)

Enterococci
(n = 23)

Mzabi et al. Clinical Microbiology and Infection 2016
22, 607-612DO0I: (10.1016/}.cmi.2016.04.003)



Experience of switch to antibiotics In a patient cohort from 2000-13.

Georges-Pompidou European Hospital 532 medical files screened

Local protocols:

=/ days Iv

General conditionresolution of fever
Reduction CRP

Negative blood cultures
Normalization of leucocytosis
Normalization of serum creatinine A9 iacax of B tricluded
Disappearance or reduction of imaging
abnormalities

106 medical files excluded
due to missing data on the

Duke criteria

369 (87%) definite I Commented In detalls In CMI 2017.
57 (13%) possible IE Davido et al.

If all fulfilled ->definitive oral antibiotics

2 relapses
4 reinfections

O relapses
8 reinfection

Oral group (n=214)

IV group (n=212)

179 {84%) definite IE
35 (16%) possible IE

190 (90%) dehnite |E
22 (10%) possible IE

Fewer comorbidities and
criteria of severity
Fewer with S. aureus

Copyright © 2016 European Society of Clinical Microbiology and Infectious Diseases Terms and Mzabl et al. Clinical I\/Iicrobiology and Infection 2016
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Primary objective

To determine the safety and efficacy of partial oral
antibiotic treatment of IE compared with traditional
full-length parenteral antibiotic treatment




Design

Un-blinded

Prospective
Randomised
Multicenter, nationwide



Inclusion criteria 1

o | eft-sided endocarditis based on the Duke
criteria

* Infected with one of the following
microorganisms (> % of all left sided IE):

— Streptococcus spp

— Enterococcus faecalis

— Staphylococcus aureus

— Coagulase-negative staphylococcl




Inclusion criteria ||

= 10 days of appropriate parenteral antibiotic treatment
overall, and at least 1 week of appropriate parenteral
treatment after valve surgery

T <38.0 °C > 2 days

C-reactive protein dropped to less than 25% of peak
value or <40 mg/L, and white blood cell count < 15 X
10°/L during antibiotic treatment

NoO sign of abscess formation revealed by trans-
oesophageal echocardiography < 48 h before Inclusion

At least 10 days of antibiotic treatment had to remain at
randomization



Exclusion criteria

Body mass > 40

Concomitant infection requiring 1Iv antibiotics
Suspected reduced Gl absorption

Inablility to give informed consent

Reduced compliance



Primary endpoint

» Combined endpoint within 6 months
after antibiotic treatment was terminated

— All-cause mortality
— Unplanned cardiac surgery
— Embolic events

— Relapse of positive blood cultures with the
primary pathogen




Secondary endpoints

Quality of life after compiletion of
antibiotic treatment

Costs associated with management of
endocarditis

Shift of antibliotics during treatment
Duration of antibiotic treatment

Complications assoclated with
INntravenous catheters




Choice of antibiotics

Patients randomised to Iv treatment:

— Treated according to guidelines from Danish Cardiac
Society (DSC)

Patients randomised to oral treatment:
— Treated according to new study guidelines



International experts' practice in the antibiotic therapy of infective endocarditis IS not
following the guidelines

H. Tissot-Dupont, J.P. Casalta, F. Gouriet, S. Hubert, E. Salaun, G. Habib, M.P. Fernandez-Gerlinger, J.L. Mainardi, P.
Tattevin, M. Revest, F. Lucht, E. Botelho-Nevers, A. Gagnheux-Brunon, U. Snygg-Martin, K.L. Chan, J. Bishara, I.

Vilacosta, C. Olmos, J.A. San Roman, J. Lopez, P. Tornos, N. Fernandez-Hidalgo, E. Durante-Mangoni, R. Utili, M.
DOI: 10.1016/j.cmi.2017.03.007
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Copyright © 2017 European Soclety of Clinical Microbiology and Infectious Diseases Terms anc
Conditions
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Antibiotics - Safety

* Minimal Inhibitory Concentration (MIC)
determinations for relevant antibiotics (E-test)

* Pharmacokinetic profile in all patients

— Day 1 (oral and 1.v.)

— Day 5 (oral — I.e. at steady state after shift from
Initial 1.v. to oral)




Criteria for treatment in out-
patients clinic

No heart fallure
No significant arrnytnmia or conduction defects
NO changes In cerebral status during admission

No clinically 1aentifled embolic events during
admission

NO other significant disabilities



Follow-up of out-patients

» Reports morning temp >38 ° C and other
new symptoms to the ward

e Seen 2 (3) times a week

— Clinically (+ ECG, BP, temp, SAT) ("ward
round”)

— Blood testings 3 times per week (CRP, WBC,
haemoglobin, renal and hepatic parameters)



Follow-up after treatment

1 week (5-9 days)

1 month (25-35 days)
Incl. transthoracic echocardiography

3 months (80-100 aays)

6 months (170-190 days)
Incl. transthoracic echocardiograpny



Statistics

o Estimated event rate 5-10%

— All cause mortality 2-5%

— Unplanned surgery 1-3%

— Risk of embolic events 1-2%
— Risk of relapse 1-3%

* Non Inferiority margin 10%
Power 90%
 One sided confidence Interval 97.5%

* N=400 (1:1 inclusion)




Case Report Form

Brugernavn:

Adgangskode:

Login

© Zenodotus eCRF 2002-2011

POET Sekretariatet

Att Kasper Iversen
Kardiologisk afd B, 2142
Rigshospitalet
Blegdamsve) 9
2100 Kgbenhavn @

Telefon: 3545 9863 /2871 2753
E-mail: poet@ecrf.dk



http://www.ecrf.dk/poet

L0112 FOLT - Case Reper: Form
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Study organization

e Steering committee:
One representative per center

» Experts on antiblotiCs:
One representative per region

» Safety monitoring board:
— One cardiologist
— One trialist
— One specialist In infectious diseases




Oral antibiotics development - general

* Most pharmacokinetic data from “Antibiotics In
| aboratory Medicine". Ed Victor Lorian 5th. 2005.
Otherwise relevant literature involved.

e Serum concentrations curves drawn

—Lowest serum-concentration measured applied
—Shortest T,,, applied

e [N certaln cases a theoretical serum concentration
applied, based on a higher dosage.

e Single dosage Kinetics.




Safety issues

» Treatment combinations (always 2 antibiotics) — purposes
— Variations in pharmacokinetics (pharmacogenetic)
— Reduce development of resistance
— Potential additive/synergistic effects
— Blofilm physiology
* Pharmacokinetic profile by HPLC on all patients (single and

multiple dose kinetics) — reviewed by experts In clinical
microbiology.




Pharmacokinetic variations are substantial.

(Roberts et al. CID 2014)
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Antiblotic concentrationen relative to MIC In 361 critically 1l patients after 50% anad

100% of the dosing Interval of eight different B-lactam antibiotics.

TABLE 1. Concentrations of antibiotics in sweat and blood of six healthy persons

D Dosc Cmax (I-lS/ml)fT (h) in“: M]C)" (;Lg/ml) fOl‘(I
ru e o
- (2) Blood Axilla swcal Forcarm swcat MSS MRS
Benzylpenicillin 1.2 27/0.5 (9-44) 26,2.1, 0.1°/0.5-2 1.5, 0.4°/0.5 0.03 (1L.03
Phenoxymethylpenicillin 1.2 8/1 (4.1-14) 0.44/4 0 0.06 0.06

Cefuroxime 1.5 62/1 (40-113) 7.8/0.5 3.1°/3 1-2 =128
Ceftriaxone 2 372/1 (82-480}) 8.9/0.5 ((1.7-16.2) 2.5/0.5 (0.9-6.00) = =128
Ceftazadime 2 36(/1 (160-920) 28.4/0.5 (1.1-70) 11/2 (1.0-23) X =128

“ Mcan pcak conccentration in scrum or swcat (C . time aftcr administration of drug. Ranges of C_,. arc given in parcnthescs.

” Three of six persons had mcasurable concentrations (all arc listed) (lower limit of detection, 0.1 pg/ml).

“ Two of six pcrsons had mcasurablc concentrations (both arc Iisted) (lower limit of detection (0.1 pg/mi).

? Onc of six pcrsons had a mcasurablc concentration (shown) (lower limit of detection, 0.1 pg/ml).

“ Onc of six pcrsons had a mcasurablc concentration {shown) (lowcr limit of dcicction, 0.4 pg/mi). H ,@Iby N et al. AAC 2000.

/' MSS and MRS, mcthicillin-susceptible and methicillin-resistant staphylococci, respectively (data from reference 12).



Amoxicillin

Concentration curve
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- |
O
E F=
S

2.0
- MIC
@,
e .
= 2.5 Administered x 4
S . N
% 0.0 -

o0 25 5§50 7.5 100 125 15.0
Hours

1 g oral. Serum-conc after 2 h (single dose). T,,, 1 h.

MIC set at 4 mg/L for enterococcl.
MIC set at 0.125 mg/L for other bacteria.



Moxifloxacin

Data 1
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0.4g po. Serum-conc after 1,4h (multiple doses). T,,, 8h.
MIC 0.5 mg/L.
Administered once/24n.



| Inezolid

0.0 2.5

2.0

fa 100 125 15.0

0.6g po. Serum-conc after 1-2h (multiple doses). T,,, 5h.
MIC 4 mg/L.
Administered as 0.6 g/12n.



Rifampicin

Data 1

- B Legend

= = b & = N G ™

U = 10 12 20

0.6g po. Serum-conc after 3n (multiple doses). T,,, 3h.
MIC 0,064 mg/L.
Administered as 0.6g/12n.



Fucidic acid

Data 1
35
30 =
25

20
15

10
3

O
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20 0 40

0.5g po. Serum-conc after 2.1h (single dose). T,,, 16h.

At multiple doses the serum-conc Is stable above 100mg/L.
MIC 2 mgl/L.

Administered as 0.5g/8h.



Dicloxacllin

Uata 1

B Legend
4 Teorelisk 14

19

10

0.0 2.5 2.0 7.5

10,0 125 15.0

0.25g po. Serum-conc after 2h (single dose). T,,, 0.7h.
Theoretical 1g dose Inserted In the figure.
MIC 1.5 mg/L.

Administered as 1g/6n.



Clindamycin

Data 1
3
o a B Legend
N A Teorelisk 0649
9
* A
K.
’ = A
1
0
0.0 2.9 2.0 7.5 10,0 12.5 15.0

0.15g po. Serum-conc after 2h (single dose). T,,, 2.4N.
Theoretical 0.6g dose Inserted In the figure.

MIC 0.25 mg/L.

Administered as 0.69/8n.



Regimens Staphylococcus aureus and CoNS.

Peniclillin sensitive
1) Amoxicillin 1 g x 4 and fucidic acid 0.75 g x 2/rifampicin 0.6 g x 2

2) Linezolid 0.6 g x 2 and fuclidic acid 0.75 g x 2/rifampicin 0.6 g x 2

Methicillin sensitive (Penicillin resistant)

1) Dicloxacillin 1 g x 4 and fucidic ac. 0.75 g x 2/rifampicin 0.6 g X 2

2) Linezolid 0.6 g x 2 and fucidic ac. 0.75 g x 2/rifampicin 0.6 g X 2

Methicillin resistant
1) Linezolid 0.6 g x 2 and fucidic acid 0.75g x 2/rifampicin 0.6 g x 2

2) Alternative regiments depending on patterns of resistance



Regimen

Enterococcus faecalis

1) Amoxicillin 1 g x 4 and (rifampicin 0.6 g X 2)/moxifloxacin 0.4 g x 1

2) Linezolid 0.6 g x 2 and (rifampicin 0.6 g x 2)/moxifloxacin 0.4 g x 1



Regimens
Non-hemolytic streptococci, hemolytic streptococcl and
Streptococcus pneumoniae

Amoxicillin sensitive

1) Amoxicillin 1 g x 4 and rifampicin 0.6 g x 2/moxifloxacin 0.4 g x 1

2) Linezolid 0.6 g x 2 and rifampicin 0.6 g x 2/moxifloxacin 0.4 g x 1

Amoxicillin resistant

1) Linezolid 0.6 g x 2 and rifampicin 0.6 g X 2

2) Moxifloxacin 0.4 g x 1 and rifampicin 0,6 g x 2/clindamycin 0.6 g X 3
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(GGeneral concept of Inclusion

The patient Is clinically stable
The Infection Is well-controlled
The valve lesion(s) are stable
Only certaln bacterias
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Guidelines on the prevention, diagnosis,
and treatment of infective endocarditis

Table 18 Criteria which determine suitability of outpatient parenteral antibiotic therapy (OPAT) for infective
endocarditis

Phase of treatment Guidelines for use

Critical phase (weeks 0-2) Complications occur during this phase.
Preferred inpatient treatment during this phase.

Consider OPAT: if oral streptococci, patient stable, no complications.

Consider OPAT: if medically stable.

Do not consider OPAT: if heart failure, concerning echocardiographic features, neurological signs,
or renal impairment

Continuation phase (beyond week 2)

Essential for OPAT Educate patient and staff.

Regular post discharge evaluation (nurses 1/day, physician in charge 1-2/week).
Prefer physician-directed program, not home-infusion model.
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Adapted from Andrews and von Reyn.’



Reasons for In-hospital treatment In
Infectious endocaraitis 1

» To treat optimally to reduce the high mortality rate — 9-40%
— Cardiac complications
* Worsening valve lesions
* Abscess formation
* Heart fallure
e Conduction defects (AV-block) and arrhythmia
 Pericarditis — myocarditis
— Assessing need for - and timing of surgery



Reasons for In-hospital treatment In
Infectious endocarditis 2

* To treat other (associated) infections

* To treat co-morbidities; dialysis, strokes, COPD, DM

* To reduce and treat complications
— Treatment failure
— EmbDboli — neurological complications
— Acute renal failure
— Splenic abscess
— Drug fever and other treatment related complications




