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This procedure provides guidance to Hospital in the Home (HITH) and referring clinicians in the appropriate choice and administration of antimicrobial therapy for patients being treated under the HITH services across the CHS Network. 

Back to Table of Contents
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Not all intravenous (IV) antimicrobials are able to be administered in HITH in the same way that they are prescribed on the ward. Some are simply unsuitable for use in the HITH service. For further advice, refer to this procedure, the Therapeutic Guidelines: Antibiotic, and speak to staff in HITH, Infectious Diseases (ID), and/or Pharmacy.
Some antimicrobial choices in HITH require Antimicrobial Stewardship (AMS) approval prior to prescription to HITH patients. Antimicrobials used in HITH are colour coded red (AMS referral or approval required by second dose), orange (AMS referral and/or approval required by second day) or green (no approval required but must be in accordance with available guidelines including local policies and/or Therapeutic Guidelines if possible) in this procedure
IV antimicrobials requiring Therapeutic Drug Monitoring (TDM) need to be monitored in HITH as they would on an inpatient ward
The first dose of IV antimicrobials should ideally be administered in the hospital – whether in the Emergency Department or HITH clinic (with the exception of Residential Aged Care Facility (RACF) patients being directly admitted to HITH at the RACF)
Antimicrobial allergy status must be closely checked and recorded by the HITH staff when patients are receiving IV antimicrobials at home. 
HITH nurses must be trained to know what process to follow when a HITH patient has an allergic/anaphylactic response at home
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This document applies to staff caring for adults in the HITH service, and the following CHS Network staff working within their scope of practice:
HITH Medical Officers and Medical Officers referring to HITH
HITH Nurses and Nurses referring to HITH
Pharmacy 
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When IV antimicrobials are being prescribed, IV access can be via peripheral cannula or Peripherally Inserted Central Catheter (PICC) depending upon antimicrobial choice and proposed duration of treatment (see table in section 3). A PICC is required if predicted duration of IV antimicrobial therapy exceeds 2 weeks unless an active clinical decision is made with the patient to continue with PIVC.

An elastomeric infusion pump or electronic pump is required for antimicrobials being run as an infusion.

[bookmark: _Toc112678504]1. Initial Antimicrobial Choice
The criteria for selecting antimicrobials for HITH patients should be similar to those applied to in-hospital care. Prescribing decisions should be guided by:
Assessment of whether ongoing antimicrobial therapy is indicated and if HITH admission is required vs oral antimicrobial therapy with GP.
Use the narrowest spectrum, clinically appropriate antimicrobial based on, where possible, available microbiology (also referred to as “directed therapy”).
When therapy is not able to be directed by microbiology, follow (in order of preference) local guidelines, the Therapeutic Guidelines: Therapeutic Guidelines Home | Therapeutic Guidelines (tg.org.au) Antibiotic, or else ID/Antimicrobial Stewardship advice.
Select an appropriate dose, frequency and route; use oral therapy when clinically appropriate and if ongoing IV therapy is required, prescribe according to suitability for HITH administration.
Prescribe the shortest possible duration of therapy, consistent with the condition being treated and the patient’s clinical response.
Document the antimicrobial therapy in the patient’s health record or medication chart in the DHR, including the indication and the intended duration of therapy before further review or cessation.
Highly bioavailable oral antimicrobials should not be administered intravenously when the patient fulfils the requirements for oral or enteral administration.  Highly bioavailable antimicrobials are detailed in Table 1 below. 
Oral rather than IV antimicrobials do not necessarily preclude HITH admission (but may shorten the duration).
Note: Restricted agents (IV or oral) require infectious diseases (ID) approval before they can be prescribed. At NCH only the Black restricted antimicrobials require infection diseases approval. 



Table 1: Highly bioavailable antimicrobials (from CHS AMS Procedure) 
	Antimicrobial
	Approximate bioavailability
	IV dose
	PO dose

	Amoxicillin
[bookmark: _Hlk65143500]*(Ampicillin is IV equivalent)
	80%
	2000mg Q4-6H*
	500-1000mg TDS

	Ciprofloxacin
	70-80%
	400mg Q8-12H
	500mg BD

	Clindamycin
	~90%
	600mg Q8H
	450mg TDS

	Fluconazole
	>90%
	IV and oral dose are equivalent

	Linezolid
	~100%
	IV and oral dose are equivalent

	Metronidazole
	100%
	500mg BD
	400mg BD for common infections (except C. difficile therapy)

	Moxifloxacin
	~90%
	IV and oral dose are equivalent

	Trimethoprim/sulfamethoxazole
	90-100%
	IV and oral dose are equivalent

	Voriconazole
	~96%
	IV and oral dose are equivalent



[bookmark: _Toc112678505]2. Specific HITH Antimicrobial Suitability
IV antimicrobials administered in HITH must have certain characteristics, such as antimicrobial stability and a low frequency of administration which may be facilitated by specialised IV infusion devices. 
A list of suitable antimicrobials for infectious diseases commonly treated in HITH is suggested in Section 2 and methods of administration in Section 3. 
Antimicrobial Stewardship. Antimicrobials that are usually prescribed once daily, such as ceftriaxone, should not be utilised in HITH purely for convenience when a narrower spectrum agent option is available. For example, buffered benzylpenicillin can be prescribed as a 24 hour infusion rather than using a once daily ceftriaxone injection in the treatment of community acquired pneumonia
Oral Antimicrobials. Home-based IV therapy should only be undertaken when oral therapy is not appropriate – when the infection has not responded to appropriate oral antimicrobials, the infection is judged to be moderately severe at diagnosis (severe infection should be treated in hospital) or a suitable oral antimicrobial is not available for the specific infection.
[bookmark: elementId-1071302]Some antimicrobials have sufficient oral bioavailability such that oral doses achieve serum drug levels comparable to those after IV administration in patients with normal intestinal absorption. It may still be appropriate for a patient on oral antimicrobials to be admitted under HITH, at least initially, for more intensive observation/monitoring purposes.

[bookmark: _Toc112678506]3. Administration Frequency
Antimicrobials delivered via HITH must in general, be completed within a maximum of two home visits per day.  The following methods of administration are appropriate for this requirement:
Continuous infusion. Most beta-lactam antimicrobials that are dosed frequently can be given by continuous 24-hour infusion in a home setting, both for convenience and for pharmacodynamic superiority. These include flucloxacillin, benzylpenicillin, cefazolin and piperacillin/tazobactam.  Vancomycin can also be given via 24-hour continuous infusion. Cefepime and ceftazidime can potentially be infused as 2 x12 hr infusions but are not stable enough for 24-hour infusion at standard doses.
Once to twice daily via slow push or short infusion. Commonly used antimicrobials in HITH, which can be used once to twice daily include cefazolin (post probenecid or via infusion for once daily), ceftriaxone and ertapenem. Aminoglycosides (gentamicin, tobramycin and amikacin) can be given, but these must be monitored due to their potential for toxicity. Less frequently used and that require AMS approval and ID advice, include once daily teicoplanin and daptomycin. 
IV antimicrobials that are generally not suitable for HITH include ampicillin, amoxicillin/clavulanic acid and meropenem because of frequent dosing needs and are too unstable to be prescribed as a 12- to 24-hour infusion at home. In certain circumstances however, antimicrobials that are not usually administered or infrequently used in HITH may be prescribed, but this is only in conjunction with ID specialist oversight. 

[bookmark: _Toc112678507]4. Antimicrobial Approvals
An antimicrobial approval code must be obtained for orange and red antimicrobials prior to administration in HITH. This is provided via the AMS program during business hours for all patients not under active care by the ID team, or the ID team if being consulted for clinical care. HITH transfer cannot occur until approvals have been completed as per hospital policy. Refer to the Antimicrobial Stewardship procedure. 

[bookmark: _Toc112678508]5. Patient Review
Review of the ongoing need for IV antimicrobial therapy should be done as soon as clinically appropriate. IV to oral switch should be in line with generally accepted protocols (Figure 1, South Australian (SA) Health).  Additionally, antimicrobial approval codes expire on a date determined by the approving infectious diseases specialist. HITH medical review should be scheduled to ensure review occurs based on these expiry dates. In accordance with the AMS Procedure, further doses of restricted antimicrobials cannot be supplied by Pharmacy if appropriate approval to continue has not been sought.



Figure 1: IV to Oral Switch (Adapted from SA Health)7
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 Box 3

Possible to switch? (Prolonged therapy required for the following indications shown in Box 3)
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2.1 Antibiotics and clinical situations requiring PICC lines
1) Antibiotics due to risk of significant thrombophlebitis (in these cases PICC line must be in place prior to transfer to HITH)
a. Vancomycin
b. Flucloxacillin
2) Patient requiring prolonged parenteral therapy 
a. Osteomyelitis
b. Vertebrodiscitis
c. Septic arthritis
d. Endocarditis
3) Patients requiring medium duration IV therapy (ie anticipated 1-2 weeks) with poor IV access options where an oral option is not applicable.
In 2) and 3) PICC line can be arranged for insertion after transfer to HITH with infusion started, as long as IV access is available in some other form until the PICC line is inserted.
2.2 HITH Antibiotic suggestions 

Below are some initial suggestions for HITH antimicrobial choices for infections commonly treated by Hospital in the Home (with further antimicrobial choice guided by culture/sensitivity results where available and advice from Infectious Disease/appropriate subspecialists as appropriate). Plus refer to relevant diagnosis specific HITH clinical procedures or Therapeutic Guidelines Therapeutic Guidelines Home | Therapeutic Guidelines (tg.org.au)– Antibiotic and/or the Australian Injectable Drugs Handbook AIDH - ABOUT AIDH (hcn.com.au) for more details.
Notes:
· these recommendations are based on the assumption that the decision has already been made that the patient cannot be safely treated with empirical oral antibiotics,
· any prolonged antibiotics and broad-spectrum antibiotics can increase the risk of C diff infections. Thus in patients on antibiotics who develop watery or persistent diarrhoea a stool sample should be sent to test for C diff.

	Condition
	Treatment
	Additional advice 
	IV access

	Cellulitis
(and mastitis)

	Cefazolin 6g can be given as a 24-hour infusion via peripheral cannula, same total 24-hour dose as for in hospital dosing 

(Cefazolin 8g over 24 hours dose for obesity or severe infection – see Section 3 below) 

OR
Cefazolin 2 g IV once daily 30 min after probenecid 1 g orally daily.
Note: Seek pharmacy advice prior to prescribing and/or administering probenecid if patient pregnant or breastfeeding. 
OR
Cefazolin 2 g IV twice daily (consider 3g bd in patients weighing > 100kg)

	Swab for MC&S should be taken before starting antibiotics if an ulcer or discharging pus can be swabbed
Dose adjustment:
1) Reduce dose if renal impairment eGFR < 50
2) Increase dose if > 120kg
Any dose adjustments should be confirmed with pharmacist.
IV Flucloxacillin is not used for this category of patients in HITH as it will cause thrombophlebitis when given as an infusion and PICC insertion for short duration treatment is not advised.
Ongoing treatment should be based on MC&S results and or clinical progress.

Total duration of 5-10 days (IV plus oral) therapy is recommended.

Refer to 
Cellulitis and Erysipelas in Therapeutic Guidelines: Antibiotic
	IV cannula:
Preferable not overlying a joint to allow for infusion

	Endocarditis
	Antimicrobials dependant on culture results and in discussion with ID
	Duration of IV therapy will usually be a minimum of 2 weeks and possibly up to 6 weeks, with transfer to HITH once stable. 
Duration as per eTG and Infectious Diseases advice. 
	Given duration of treatment PICC line generally required

	Infected Bite Wounds 
(if associated with systemic features or involving deeper tissues) 
	Piperacillin/tazobactam 13.5g/ 24-hour infusion (for human or animal e.g. dog bites, not insects, spiders).
OR
(penicillin allergic, PO preferable)
Ciprofloxacin 500mg bd PO 
PLUS
Clindamycin 450 mg tds PO 
	Always consider and assess for possible tendon and or joint infection. If possible, consult with Orthopaedics or plastics

Ciprofloxacin and clindamycin combination although oral is of greater efficacy than oral Augmentin.

Modify according to Gram stain and culture. 

For wounds with systemic features, treatment duration should be 14 days (IV + oral).

Longer therapy is needed for injuries involving deeper tissues i.e. bones, joints and/or tendons; Consult with orthopaedics/plastic surgery/ID as appropriate.

Refer to Bite and Clenched Fist Injury Infections in Therapeutic Guidelines: Antibiotic

Stop ciprofloxacin treatment at first sign of tendon pain, inflammation or peripheral neuropathy. Also be aware of QT effects of Ciprofloxacin
Beware risk of C. difficile 

	Only required for PIPTAZ.
IV cannula:
Preferable not overlying a joint to allow for infusion


	Osteomyelitis (acute)

	Flucloxacillin 8g infusion over       24 hours
OR
Cefazolin 6 g over 24 hours for penicillin allergic patients

(Cefazolin 8g over 24 hours dose for obesity or severe infection – see Section 3 below) 

	Duration of IV therapy may need to be up to 4 weeks in liaison with orthopaedics and ID

Modify therapy according to Gram stain and culture. 

	Given duration of treatment PICC line generally required

	Pyelonephritis/ UTI requiring IV antibiotics
	Gentamicin (4-6mg/kg/day IV) for a maximum of 3 doses in patients with eGFR >60mL/min*
or in patients allergic to penicillin/ cephalosporins
 
OR
Ceftriaxone 1g daily IV
Ceftriaxone 1g daily IV
(Ampicillin is not stable as an infusion and requires QID dosing and therefore cannot be used in the HITH setting. For this reason the combination of IV ampicillin and gentamicin is not an option for treatment of Pyelonephritis in HITH)

 *See CHS Intravenous Dosing and Monitoring of Aminoglycosides in Adults procedure to determine dose according to patients age and gender and see Section 3 below 
	IV ceftriaxone should be followed by oral therapy to complete a total of 10-14 day treatment.

Check urine culture results re ongoing oral therapy

Check gentamicin levels as per protocol – specific sample timing required:
See CHS Intravenous Dosing and Monitoring of Aminoglycosides in Adults 

For NCH - refer also to Pyelonephritis Management Procedure
	IV cannula:
Preferable not overlying a joint to allow for infusion



	Pneumonia (community-acquired, moderate severity)






	Preferred
Benzylpenicillin 4.8g as 
24hr infusion
OR
Ceftriaxone 1 g IV daily (only for patients with penicillin allergy or in whom a continuous infusion device may be problematic) 
WITH

Doxycycline 100mg bd orally 

Total IV and oral treatment for 7 days
	Careful patient selection is essential.

Ceftriaxone is not the usual first choice for in-hospital care, and few patients require its broad-spectrum activity.

Duration of IV therapy is dependent on clinical response.

See IV to oral switch chart. 

Suggested total antibiotic therapy (IV plus PO) duration of 5-7 days

Refer to Community Acquired Pneumonia in Adults in Therapeutic Guidelines: Antibiotic
	IV cannula:
Preferable not overlying a joint to allow for infusion

	Resistant and Multiresistant bacterial infections MRSA/ESBL
	Antibiotics indicated as per culture results and require ID approval could include:
Ertapenem
Meropenem (requires temperature control)
Vancomycin
Piperacillin/Tazobactam
Cefepime (requires temperature control)
	See antibiotic section re Vancomycin levels
	Vancomycin requires a PICC line prior to patient transfer to HITH. 

All others can be given via a peripheral line
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As per the table below, the dosages are indicative only, further reference needs to be made to the indication, infection severity and drug excretion.
For further detail, refer to the Australian Injectable Drugs Handbook AIDH - ABOUT AIDH (hcn.com.au) or Community Based Parenteral Antimicrobial Therapy section in Therapeutic Guidelines: Antibiotic (see Therapeutic Guidelines Home | Therapeutic Guidelines (tg.org.au)), or the ward pharmacist. Baxter medicines information can also provide specific advice.
Continuous infusion of beta-lactam antimicrobials has been widely promoted to optimise their time-dependent bactericidal activity. A number of these can be given via peripheral cannula e.g. cefazolin, buffered benzylpenicillin and piperacillin-tazobactam
If continuous infusions are to be made, please liaise with pharmacy as soon as possible, as this will need to be included in their daily schedule of IV product preparation and/or to make up infusions in time for patient discharge the same day. At NCH, the HITH nurse prepares elastomeric infusors if required e.g. Vancomycin. 

	Antimicrobial
	Administration Options

	Cefazolin *
	Continuous infusion 4-8g over 24 hours, 2-3g bd as slow push (3-5 minutes) or 2g daily if given with probenecid 1g PO 30 min prior (if no contraindication to Probenecid)

Usual 24 hour infusion dose is 6g but may give Cefazolin 8g over 24 hours in obese patients with severe infection or where BMI>60 (per ‘Drug Dosing in Obesity Volume1: Antimicrobials’) or upon recommendation of ID or AMS) 


	Benzylpenicillin*
	24 hr continuous infusion possible – needs to be formulated in buffer solution to increase stability.  Usual dose 4.8 to 14.4g over 24 hours dependant on clinical diagnosis

	Flucloxacillin*
Central IV access required prior to transfer to HITH 
(high phlebitis incidence)
	8-12g dose can be given by 24-hour infusion if a buffered solution (normally 2g qid dosing otherwise)

	Ceftriaxone #
	1g daily dose given by slow push (2-4 minutes), 2g dose infused over 30 minutes (generally in the setting of bacteraemia) May be required twice a day for some diagnoses

1g can be given IM (although this is rarely required) – use lignocaine to reconstitute

	Gentamicin ** 
See CHS Intravenous Dosing and Monitoring of Aminoglycosides in Adults procedure. 
TDM may be required

	Initial dose if normal weight range and renal function is 4-7 mg / kg. Refer to the Australian Injectable Drug Handbook for further information. 


Can be given as slow push over 3-5 min but this will affect TDM interpretation

Dose adjustments required based on weight and renal function, and dosing frequency dependent on level.

Note: For gentamicin levels, one level is required 6-8 hours after the infusion. When levels are taken the time of last dose, time sample taken, weight and creatinine of patient should be included on the request form. 
(Occasionally patients require two levels (1 hour after the start of the infusion and 6-8 hours after the infusion) ).

TDM not required if giving up to 3 doses (at day 0, day 1 and day 2) and CrCL >60 mL/min 

TDM required if CrCL 40-60mL/min or if gentamicin to be prescribed for >48 hours – gentamicin level to be checked after 1st dose. For patients with CrCL <40mL/min renal team should be involved in prescribing (can give 1 initial dose).


	Vancomycin**
Central IV access required prior to transfer to HITH
(acidic pH 2.5-4.5)
TDM required



	1-4g given as 24-hour infusion (preferred, dose dependent on renal function) or at max of 10mg/min. Dose dependent on plasma concentration monitoring. May need initial bolus. Liaise with pharmacy

Please refer to eTG “Principles of vancomycin use” for recommendations on the optimal timing and dosage adjustments of vancomycin in individual patients. 

TDM required within 24-36 hours of commencing 24-hour infusion and within 36 hours of each dose change. 

In general target spot (random) vancomycin level of 20-25mg/L, except in CNS infections.

For NCH: 
Require AMS/ID approval for the use of Vancomycin 
The dose for the 24 hours infusion is determined in discussion with pharmacy dependant on 
a) the dose and levels achieved with prior intermittent dosing if used, or b) dependant on weight and renal function.

Dilution of the vancomycin for infusion will be determined by pharmacy. 
· Doses up to (and including) 1250mg can be in 250mL (=5mg/mL) and doses greater than 1250mg must be in 500mL N. saline. 
HITH patient will be visited in the AM:
HITH patients will require levels to be taken in the morning between 25 and 48 hours after the infusion is commenced. 
· A new Vancomycin infusion bag will be commenced at the time of this visit 
· Vancomycin level specimens are to be at pathology for processing by 11am 
Response to Vancomycin levels:
· If the level is therapeutic the same dose will be made for the subsequent day’s bag. The level should be rechecked in 48 - 72 hours dependent on the stability.
· If the level is outside of the therapeutic range of 20-25, an adjusted dose will be made for the next infusion bag
· If the level is < 19 or > 26 
· Two bags of the new infusion dose need to be made up that day 
· One new infusion bag will be commenced in the afternoon of the same day of sampling 
· The second should be started at the am visit the following day. 
· The next level is to be taken no earlier than 36hrs after commencing the new infusion bag 
· NOTE: if the level is > 26 the other option In consultation with the HITH Pharmacist (or Dispensary Pharmacist on the weekends) is that the bag rate can be reduced to give a lower dosage until the next bag is hung the following day. 
· If the level is 19 – 19.9 or 25.1-26 
· One bag of the new infusion dose needs to be made up that day 
· This bag is to be hooked up on the following day am visit 
· The next level is to be taken the following day no earlier than 24hrs

Vancomycin Levels are preferred to be taken peripherally from the opposite arm. The Vancomycin Infusion is to be switched off for between 10 and 15mins before taking levels.

If however peripheral access is unsuccessful then levels can be taken from the CVAD. Refer to the policy on blood sampling for CVADs. Ensure that the infusion is switched off for a minimum of 10mins and line to infusion is clamped or a non-return bung is in place. Flush CVAD with a minimum of 20mls of Normal Saline using a pulsating action. Discard a minimum of 15mls before taking level.



	Piperacillin/Tazobactam*
	Give by continuous 24 hr infusion e.g. equivalent of 4.5g tds is 13.5g over 24 hours (may dose up to 18g/24 hours)

	Ertapenem#
	0.5-1g 30 min infusion once daily or 
as an IV injection i.e. 1g dose over 5 minutes or at a rate of 2ml/minute (https://aidh.hcn.com.au/browse/e/ertapenem)

	Cefepime*
	3g bd given as 2 x 12-hour infusions daily (total daily dose 6g). Use ice pack in carry bag at all times to increase stability. Electronic infuser to be used rather than elastomeric

	Amphotericin B liposomal
Monitor Full Blood Count/ Urea Electrolytes & Creatinine/Magnesium/ Liver Function Tests
	3-5mg/kg per day as once daily 30-60 min infusion
Higher doses may be used for more resistant infections – see CHS Febrile Neutropenia Management Guideline Section 8


** renal function and therapeutic drug level monitoring required re dosing and potential for toxicity
 *dosages may need to be altered in the presence of renal dysfunction   
 # dose adjustment necessary with severe renal impairment
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[bookmark: _Hlk159334593]Outcome
Patients of the HITH service requiring antimicrobial therapy will have them prescribed and administered as directed by this procedure.

Measure
[bookmark: _Hlk159334560]Review of rate of compliance to AMS Procedure through Red Dot and Orange Dot reporting for HITH. 
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Policies
· Medication Handling 

Procedures
· Antimicrobial Stewardship – Clinical Procedure
· Antimicrobial Stewardship – Clinical Care Standard
· Intravenous Dosing and Monitoring of Aminoglycosides (gentamicin, tobramycin and amikacin) in Adults 
· Peripheral Intravenous Cannula (PIVC), Adults and Children (Not neonates) 
· Infection Prevention and Control
· Administration of Antibiotics by Community Nurses – Adults Only
· Wound Prevention and Management
· Patient Identification and Procedure Matching
· Febrile Neutropenia Management Guideline

Legislation
· Medicines, Poisons and Therapeutic Goods Act 2008
· Medicines, Poisons and Therapeutic Goods Regulation 2008
· Health Practitioner Regulation Law (ACT) Act 2010
· Work Health and Safety Act 2011
· Public Health Act 1997
· Human Rights Act 2004
· Health Records (Privacy and Access) Act 1994

Other
Australian Charter of Healthcare Rights
Therapeutic Guidelines (Antibiotic) https://tgldcdp.tg.org.au/topicTeaser?guidelinePage=Antibiotic&etgAccess=true 
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Antimicrobial: An agent that is used against microorganisms/microbes or inhibits their growth

Antibiotic: An agent that is used against bacteria or inhibits their growth

CrCL:	Creatinine Clearance 

Hospital in the Home (HITH): An acute hospital ward substitution service where hospital patients are inpatients in their own home.

TDM:	Therapeutic Drug Monitoring
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HITH, Hospital in the Home, Antibiotic, antimicrobial, IV, intravenous, antibiotics, antimicrobials, oral

Disclaimer: This document has been developed by Canberra Health Services specifically for its own use.  Use of this document and any reliance on the information contained therein by any third party is at his or her own risk and Canberra Health Services assumes no responsibility whatsoever.
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