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ABSTRACT
i. Rationale, aims and objectives
Fraser Health, a large health authority, undertook an audit of standardized order sets (SOS) listing ranitidine due to the Health Canada recall of ranitidine. Our primary objective was to determine if ranitidine use on SOSs was supported by the best available evidence, in order to sparingly use ranitidine in the hospital. 
ii. Method
Two evaluators recorded the indication of ranitidine on every SOS and a scoping review of systematic review evidence was conducted in parallel to a comprehensive review of evidence quality. Clinical practice guideline recommendations were also recorded in order to make comparisons to systematic review evidence. 
iii. Results
Twenty-seven SOSs were found. Seven SOSs (26%) clearly indicated the medical condition
ranitidine was being used for. Twenty SOSs (74%) did not list an indication or had an
unclear indication. Six SOSs (22%) were supported by systematic review evidence: 4 intensive care unit (ICU) SOSs for stress ulcer prophylaxis, 1 nausea and vomiting of pregnancy SOS for heartburn, and 1 emergency department SOS for heartburn
iv. Conclusion
The SOS ranitidine audit conducted at Fraser Health has highlighted inconsistencies between institutional prescribing policies and evidence. Drugs listed on SOSs should be carefully considered before being used at an institutional level. To aid prescribers’ decision making, it may also be beneficial to indicate what the purpose of each drug is on a SOS
Our team plans to use this as an opportunity to revise other ranitidine SOSs to reflect best evidence. Evaluation of how ranitidine or other drugs were being prescribed from SOSs is encouraged. 

KEYWORDS: Decision support clinical, evidence-based medicine, healthcare quality
improvement, hospital medicine, quality improvement
INTRODUCTION
Ranitidine is listed on many standardized order sets (SOS) at Fraser Health, a large
health authority in British Columbia, Canada. SOSs are perceived to reflect the best available evidence and general clinician consensus for the management of specific conditions.1 On September 13th 2019, Health Canada announced the identification of a carcinogen impurity, N-nitrosodimethylamine (NDMA), in ranitidine.2 This subsequently led to the recall of ranitidine and reassessment of all SOSs listing the common and ubiquitous histamine-2 receptor antagonist (H2RA). The motivation behind this reassessment was to assess whether the inclusion of ranitidine on SOSs was supported by the best available evidence; in order to sparingly use ranitidine in light of the recall. The first objective was to compile a list of SOSs containing ranitidine and categorize them based on clinical area and the indication for ranitidine, if provided. The second objective was to conduct a scoping review of systematic review evidence to determine if ranitidine use was justified for each indication. 

METHODS
Two evaluators independently audited all Fraser Health SOSs containing ranitidine. When SOSs did not have an explicit indication documented, we assumed an indication for ranitidine based on the type of SOS and our clinical judgement. We did this in order to include them in our scoping review of evidence. Clinical judgement was based on the most likely indication within the context of the SOS; for example, pre-operative SOS use of ranitidine was assumed to be for prevention of pulmonary aspiration. Any SOSs which had unclear indications were confirmed with the other evaluator. Confirmation of indications that were not explicitly documented were also discussed with two other pharmacist colleagues.

A scoping review of systematic review evidence and clinical practice guidelines corresponding to each ranitidine indication found was conducted by two people between January 16, 2020 and February 28, 2020 on Medline, Embase, and Cochrane Library. Instances in which no clinical practice guideline was found, UptoDate was used. Clinical practice guidelines were not considered in our search to be a reflection of systematic review evidence because they are known to not be consistently evidence based.3 Individual randomized clinical trials were not included in our search due to limited resources to support the capacity that would be required to do so. Additionally, we felt that systematic reviews were most appropriate to draw generalized conclusions from because they are considered to be the best tools in utilizing evidence, especially in its application.4

Key words used to search for specific indications are as follows. “Stress-ulcer prophylaxis, H2RA, PPI, GI bleeding”, “ranitidine, H2RA, alteplase”, “Allergy and ranitidine, allergy and H2RA, ranitidine for allergy treatment, H2RA allergic reaction, pretreatment H2RA, ranitidine/H2RA and allergic reactions”, “Ranitidine/H2RA, iron infusion”, “ranitidine, H2RA, contrast”, “ranitidine, nausea, H2RA, antiemetic”, “ranitidine, total parenteral nutrition”, “ranitidine, chemotherapy”, “ranitidine, dialysis”, and “ranitidine/H2RA and aspiration/pneumonia/aspiration”.

A comprehensive appraisal of systematic review evidence was done to ensure any reviews were of reasonable quality and we could be confident in conclusions made from selected systematic review evidence. Publication date, number of articles included in meta-analyses versus/or review, sufficiency of database review, duplication of tasks, risk of bias, meta-analysis effects model, quality of evidence reviewed, and data extraction protocol were considered by two people and verified with a pharmacist colleague. 

RESULTS
Twenty-seven SOSs were found. Seven SOSs (26%) clearly indicated the medical condition
ranitidine was being used for. Twenty SOSs (74%) did not list an indication or had an
unclear indication. 
SOS indications are listed in Table 1. Six SOSs (22%) were supported by systematic review evidence: 4 intensive care unit (ICU) SOSs for stress ulcer prophylaxis, 1 nausea and vomiting of pregnancy SOS for heartburn, and 1 emergency department SOS for heartburn.

The most commonly used SOSs from January 2019 to January 2020 were for pre-operative
caesarean sections and general pre-operative use, which were used 19,283 and 12,499 times, respectively. Neither of these SOSs explicitly noted the indication for ranitidine.
Pre-operative ranitidine for caesarean sections is a guideline recommendation to reduce the
risk of aspiration pneumonia.5 However, in reviewing systematic review evidence, there was no assessment of relevant clinical outcomes related to aspiration, such as mortality, duration of hospital stay, or aspiration pneumonia.5,6 The outcomes reported were limited to surrogate markers, such as gastric pH and gastric volume.5,6 While a limited number of studies indicate that H2RAs raise gastric pH and reduce gastric volume, there is uncertainty regarding the association between these surrogate markers and clinical outcomes.5,6
In the general pre-operative SOS, ranitidine is likely used for prevention of pulmonary
aspiration (secondary to anesthesia) or stress ulcer prophylaxis (SUP). Guidelines
recommend use in patients at increased risk of pulmonary aspiration, but should otherwise
not be routinely given.8 Similar to pre-operative ranitidine use for caesarean section, preoperative use of ranitidine for general surgeries has also not been shown to reduce the incidence of any clinical outcomes.8,9 

For SUP, guidelines recommend ranitidine only be used in critically ill patients at high risk of a gastrointestinal (GI) bleed.10,11 Systematic review evidence supports guideline recommendations for SUP in critically ill patients by reducing adverse bleeding events.7,11-16

Two indications for ranitidine lacked any systematic review evidence. One indication was for
ranitidine use as an antiemetic, which was found on both a postoperative SOS and a nausea and vomiting in pregnancy SOS. The other indication was on a peritoneal dialysis SOS, where ranitidine was used for catheter-related epigastric discomfort. See Table 1 for the summary of corresponding guideline and systematic review evidence information in relation to ranitidine SOS indications.

DISCUSSION
Our findings highlight the gaps in evidence supporting ranitidine use on Fraser Health SOSs. Carefully evaluated order sets have the potential to improve patient care by promoting best practice.17 However, unnecessary and unjustified use of ranitidine may lead to increased healthcare costs and expose patients to needless harm.18 Order sets that are
inadequately substantiated promote poor prescribing practices, as prescribers may
incorrectly assume that SOSs are a true reflection of the best available evidence. Additionally, if no indication is listed on an SOS (as was the case with the most frequently
used SOSs), it assumes the prescriber is aware of the indication for ranitidine, which may
not always be true. Finally, there are often discrepancies between guideline recommendations and evidence, so it is important that practitioners be cognizant that
guidelines may only be supported by consensus or narrative review.19

Unfortunately, the SOS approval process may not always involve a standardized, objective,
and rigorous review of the best available evidence.20 We suspect that this pattern of
haphazard and unsubstantiated use of ranitidine is occurring in other institutions and would
encourage other healthcare professionals to take a more critical look at widely adapted
prescribing practices at their own sites. Start by investigating where ranitidine is being used
at your institutions, record the indications for its use, and then critically appraise and
understand systematic review evidence. Consider removing ranitidine from order sets
where there is no or unclear justification and ensure evidence-supported indications are
explicit and accompanied by necessary qualifiers. Regular revisions of SOSs should also be undertaken to ensure application of the most up to date evidence. 

The SOS ranitidine audit conducted at Fraser Health has highlighted inconsistencies between institutional prescribing policies and evidence. We determined that ranitidine was present on 27 SOSs, but 74% of these did not list a clear indication for ranitidine and 78% of SOSs were not supported by evidence. We believe that in order to promote optimal patient care, drugs listed on SOSs need to be carefully considered before being used at an institutional level. To aid prescribers’ decision making, it may also be beneficial to indicate what the purpose of each drug is on a SOS. Our team plans to use this as an opportunity to revise other ranitidine SOSs to reflect best evidence. 
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TABLES
Table 1. Summary of guideline information and systematic review evidence for SOS-listed indications for ranitidine
A more comprehensive summary of this table is available upon request.
	Hospital Area 
	Indication

	Supported by Clinical Practice Guidelines?
	Supported by systematic review evidence?


	Surgery
	Prevention of
pulmonary
aspiration
	No, only for patients at high risk of aspiration8
	No. Evidence does not
evaluate clinical
outcomes6,9

	
	Stress ulcer prophylaxis 
	No, only for critically ill patients at high risk of gastrointestinal
bleeding10,11†
	No, only for critically ill
patients at high risk of
gastrointestinal bleeding7,12-16†

	
	Nausea and vomiting 
	No21
	No evidence found

	ICU
	Stress ulcer prophylaxis 
	Yes, for critically ill
patients at high risk of gastrointestinal
bleeding10,11†
	Yes, for critically ill patients
at high risk of
gastrointestinal bleeding7, 12-16†

	Obstetrics
	Nausea and vomiting 
	No, only for women with active gastritis, esophagitis, or acid reflux22,23
	No evidence found

	
	Heartburn 
	Yes22,23
	Yes24-26

	
	Prevention of pulmonary aspiration: caesarean section 
	Yes5
	No. Evidence does not evaluate clinical outcomes6,7,9

	Total
Parenteral
Nutrition
	Stress ulcer
prophylaxis 
	No, only for critically ill patients at high risk of gastrointestinal
bleeding10,11†
	No, only for critically ill patients at high risk of gastrointestinal bleeding7,12-16 †

	Peritoneal Dialysis (PD)
	Mild epigastric
discomfort (post PD
catheter insertion)
and
Infusion reaction

	No guidelines found
	No evidence found

	
	
	No guidelines found
	No, evidence is not robust27,28

	Emergency
	Heartburn
	Yes29-31
	Yes24


*Examples of patient characteristics that increase risk of pulmonary aspiration are diabetes,
obesity, smoking history.8
†Bleeding diathesis, mechanical ventilation >48 h, history of gastrointestinal ulceration or
bleeding in past year, traumatic burn, traumatic spine injury, >2 minor risk factors (sepsis, in ICU
>1 week, occult gastrointestinal bleeding for >6 days, glucocorticoids), NSAIDs, antiplatelets.10,11

