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ABSTRACT
Background: Chemotherapy induced nausea and vomiting (CINV) is a distressing adverse effect in children receiving cancer treatment. There are evidence-based pediatric clinical practice guidelines (CPG) on chemotherapy emetogenicity and acute CINV prevention, but adherence to these guidelines is low. 
Procedure: A quality improvement-based study was conducted at McMaster Children’s Hospital. The SMART aim was to increase adherence to guidelines on prevention of acute CINV in hospitalized patients receiving high (HEC) and moderately (MEC) emetogenic chemotherapy from baseline 25% to >70% by June 2021. Barriers were identified by process mapping and a series of interventions were implemented. 
Results: Guideline adherence (GA) was assessed in 270 inpatient chemotherapy administrations (HEC, MEC). Data was collected on 131 charts pre-interventions and 139 charts post-interventions. Interventions included education, addition of guideline recommended anti-emetics to the inpatient formulary and implementation of a standardized CPG tool. Initial rates of total CINV GA were 25%, which improved to 72% post-intervention (p <0.001). In subgroup analysis, GA in the MEC group improved from 13% to 34% (p=0.015), and in the HEC group from 32% to 93% (p<0.001). The most common reason for non-adherence in the HEC group was failure to use aprepitant as anti-emetic, and in MEC was option for ondansetron monotherapy prophylaxis. 
Conclusion: Using quality improvement methodology, barriers to guideline adherence were identified and interventions implemented. Guideline adherence for prevention of CINV improved, particularly in the HEC group but less for the MEC group. Future steps will include sustainability of interventions and addressing adherence in the MEC group. 
1. INTRODUCTION 
Chemotherapy induced nausea and vomiting (CINV) is a common and distressing adverse effect of chemotherapy in children receiving cancer treatment.1 Acute nausea and vomiting have a significant impact on quality of life in both patients and caregivers.1 Without antiemetic prophylaxis, the incidence of emesis in children is greater than 90% frequency within the 24hr of initiating highly emetogenic chemotherapy (HEC) and ranges from 30% to 90% frequency with moderately emetogenic chemotherapy (MEC).2  Successful prevention of CINV in the acute phase is associated with reduced incidence in subsequent cycles as well as reduced incidence of delayed CINV (occurring >24hr after chemotherapy).3
In 2010, the Pediatric Oncology Group of Ontario (POGO) developed the first clinical practice guideline on rating emetogenicity of chemotherapy in pediatric patients.4 This was the first of a four part clinical practice guideline series on management of CINV in pediatric patients, which also included prevention of acute, anticipatory, and breakthrough CINV.5-7  As more pediatric specific evidence has emerged, POGO has since updated their guidelines to reflect the most current data. This included an updated chemotherapy emetogenicity guideline and prevention of acute CINV guide.2,8 These guidelines are the current basis for evidence based CINV care and are endorsed by pediatric oncology organizations, including the Multinational Association for Supportive Care in Cancer, the Children’s Oncology Group and American Society of Pediatric Hematology/Oncology. 
In adult patients, interventions to implement evidence-based guidelines have been shown to improve control of CINV.9 The adult literature shows a wide range of adherence to CINV guidelines from 10% in centers without formalized guidelines implementation to 100% with computerized physician order entry systems.10 In their CPG series, POGO provided suggestions for CINV guideline implementation to facilitate prescription of anti-emetic prophylaxis, such as integration into chemotherapy treatment protocols, institutional guidelines and inclusion in pre-printed order sets or computer order entry systems.4 However, despite these recommendations adherence to the guidelines has shown to be low.11 There is also paucity of literature regarding the specific barriers to guideline adherence. The primary purpose of this study was to improve adherence to acute CINV prophylaxis guidelines by addressing the specific obstacles at our single Canadian tertiary pediatric oncology center.  
2. METHODS
Data was collected on inpatient chemotherapy administrations at McMaster Children’s Hospital in two separate time periods, from January to June 2020 and January to June 2021. Following the first data collection set, a series of interventions were implemented based on identified barriers to guideline adherence. Once the interventions were instigated, the second data set was collected to evaluate effectiveness of these interventions. Study data was collected and managed using Research Electronic Data Capture (REDCap12) hosted by Hamilton Health Sciences. The study was approved by the Hamilton Integrated Research Ethics Board.    
2.1. PATIENTS
Eligible patients were pediatric patients aged 0-18 years with a malignancy diagnosis and receiving inpatient chemotherapy at McMaster Children’s Hospital. All inpatient chemotherapy admissions were screened for eligibility based on malignancy diagnosis with chemotherapy regimens containing MEC or HEC. Each chemotherapy administration was recorded as a separate encounter, meaning a single patient could be included in the study several times for each individual cycle of chemotherapy. In the baseline data collection period, 131 chemotherapy administration charts were included, and in the post-intervention data collection 139 chemotherapy administrations were captured. Patients were excluded if the health record was incomplete, if they received chemotherapy that was not classified as MEC or HEC, or if they received their course of chemotherapy in the outpatient setting as complete anti-emetic data was not readily available. 
2.2.  OUTCOMES
The primary outcome of this quality improvement study was defined using the SMART aim format.13 The SMART aim was to improve adherence to POGO guidelines on acute CINV prophylaxis to >70% for our inpatient chemotherapy administration. Guideline adherence was defined as the correct anti-emetic prescribed for the classification of chemotherapy emetogenicity irrespective of the anti-emetic dose. Secondary outcomes included subgroup analysis of guideline adherence based on chemotherapy emetogenicity (MEC vs HEC), frequency and choice of breakthrough medication. Rates of nausea control were not assessed as there was no standardized nausea reporting tool used in our center. 
2.3. BARRIER IDENTIFICATION   
Barriers to guideline adherence were identified using two methods: 1) root cause analysis, and 2) survey of involved stakeholders. Stakeholders were all providers prescribing chemotherapy and anti-emetic prophylaxis, including staff oncologists, fellows, nurse practitioners and pharmacists. The survey consisted of three clinical cases of patients receiving HEC or MEC. Participants were asked to identify the chemotherapy emetogenicity and appropriate guideline recommended anti-emetic prophylaxis. 
The root cause analysis tool used to identify barriers to guideline adherence was the fishbone diagram, also known as the Ishikawa cause and effect diagram.14  This analysis was undertaken by a representative group of stakeholders in prescribing chemotherapy and anti-emetics, which included staff oncologist, pharmacist and a pediatric oncology fellow. 
2.4. DATA ANALYSIS 
	Descriptive statistics were used to analyze baseline characteristics and outcome measures. Means were reported for normally distributed variables. Range and median were reported for non-normally distributed variables. Frequencies and proportions were reported for categorical data. The primary outcome was reported as the proportion of chemotherapy administrations that received guideline adherent regimes pre-intervention and post-intervention. Logistic regression was used to estimate the difference in guideline adherence. The analysis was adjusted for age, sex, cancer diagnosis and chemotherapy emetogenicity. Secondary outcomes included: subgroup analysis to determine difference in guideline adherence pre- and post- intervention based on HEC and MEC cohorts, frequency of breakthrough medication use, and reasons for non-guideline adherence. Statistical analysis was conducted using R version 4.1.2 (R Core Team 2021, Vienna, Austria). 
3. RESULTS 
3.1. PATIENTS 
A total of 185 chemotherapy administrations were screened for baseline pre-intervention data, with 131 charts meeting inclusion criteria. Post-intervention, a total of 193 chemotherapy administrations were screened, with 139 charts meeting inclusion criteria. Overall, a total of 270 chemotherapy administration charts were included in analysis. Patient characteristics are summarized in Table 1. 	 
3.2. SURVEY RESPONSES
	All chemotherapy prescribers at our center participated in the survey (n=13). In that group, 38% were staff oncologists, 15% pediatric oncology fellows, 23% nurse practitioners, and 23% pharmacists working in the department of pediatric hematology/oncology. All participants had an active role in prescribing chemotherapy and anti-emetic prophylaxis at the time of survey.
	The majority of survey participants correctly identified the chemotherapy emetogenicity (70%) in the clinical cases. Only 30% of the total survey participants correctly identified the guideline recommended anti-emetic prophylaxis in the same clinical cases. The proportion of correct answers was evenly distributed across the providers.  
3.3. ROOT CAUSE ANALYSIS 
	The fishbone diagram consisted of four categories of potential causes of effect. (Figure 1). The effect was inconsistent adherence to acute CINV prophylaxis guideline. The identified causal categories included environment, methods, materials, and people. Under the environment category, the sub-groups were lack of a computer order entry system and accessibility to clinical practice guidelines. Under the methods category, the sub-groups were standardization of prescription practices and inconsistent documentation of nausea and vomiting episodes during inpatient chemotherapy. Under the materials category, the sub-groups were availability of recommended anti-emetics in the inpatient formulary and lack of awareness of the specifics of the clinical practice guideline. Lastly, under the people category, the sub-groups included personal variability and inconsistent use of the clinical practice guideline, and provider knowledge of chemotherapy emetogenicity and updated anti-emetic prophylaxis recommendations. The causes identified as most impactful to our center’s guideline adherence were knowledge of the updated guideline recommendations, variability in use of the clinical practice guideline and lack of availability to the recommended anti-emetics for hospitalized patients.  
3.4. INTERVENTIONS 
Based on the results from the root cause analysis and staff survey, a series of interventions were undertaken over a four-month period between data collection sets. The first was an educational session on the current CINV guidelines for all providers, pharmacists, nurse case managers and other multi-disciplinary team members that was presented at Divisional Rounds. Second, aprepitat and palonosetron were added to the inpatient formulary for use in HEC and MEC regimens, as recommended by the updated acute CINV prophylaxis guideline.8 Lastly, a clinical practice guideline implementation tool was developed for standardization of anti-emetic prescribing practices. The tool was developed by the representative group of multi-disciplinary stakeholders and implemented prior to the second set of data collection.  The tool consisted of a list of frequently used chemotherapy agents and their respective emetogenicity, as well as a flowsheet to guide providers on anti-emetics based on chemotherapy emetogenicity. The tool was produced in hardcopy format and posted in all inpatient areas that were determined to be chemotherapy prescription stations. The tool was also provided in electronic format to all chemotherapy prescribers.   
3.4. GUIDELINE ADHERENCE 
	The baseline proportion of guideline adherent chemotherapy administrations was 25% in the pre-intervention group (Table 2). Following the series of interventions, the aim to improve overall rates of guideline adherence was successful with subsequent chemotherapy administrations achieving 72% guideline adherence (p<0.001). On subgroup analysis, there was significant improvement in the HEC cohort, from 32% guideline adherence pre- intervention to 93% guideline adherence post- intervention (p<0.001). In the MEC cohort, guideline adherence improved from 13% pre-intervention to 34% post-intervention (p = 0.015). The most common reason for non-adherence in the HEC cohort was omission of aprepitant in the patient’s anti-emetic prophylaxis regimen (5%) (Table 3). The most common reason for non-adherence in the MEC cohort was omission of aprepitant and/or dexamethasone (15%). In the MEC cohort, many patients received ondansetron alone as anti-emetic prophylaxis. The population of patients in which this was the most consistently seen was patients with acute lymphoblastic leukemia (ALL) receiving high dose methotrexate (54% of MEC patient cohort). 
4. DISCUSSION
Clinical practice guidelines on prevention of CINV have been published by POGO and widely endorsed by pediatric oncology consortiums such as COG, in efforts to improve supportive care in pediatric cancer care. These guidelines provide evidence-based recommendations and member institutions are encouraged to implement them for best practice and consistency in patient care. Despite this, there has been demonstrated poor adherence rates to CINV guidelines, with no consistent cause for non-adherence.11 This quality improvement study looked to improve adherence rates in our pediatric oncology center by addressing barriers to guideline adherence. 
	In the baseline data review on anti-emetic prophylaxis in HEC and MEC encounters, adherence rates were low (Table 2). Using quality improvement methodology, barriers were identified and addressed with a series of interventions. Barriers included variability of knowledge on the clinical practice guideline, lack of standardization in anti-emetic prescribing practices, and no access to all recommended anti-emetics on the inpatient formulary. Specifically addressing these identified barriers allowed the team to tailor interventions for improved adherence rates: an education session was conducted to overcome knowledge barriers, a clinical practice guideline tool was implemented to overcome standardization practices, and addition of palonosetron and aprepitant to the inpatient formulary overcame the access issues for inpatient anti-emetic administration. This led to successful improvement in overall guideline adherence rates in both HEC and MEC cohorts (Table 2). 
	In sub-group analysis of HEC and MEC cohorts, the HEC group experienced a greater frequency of guideline adherence following the interventions (Table 2). Given the main reason for non-adherence in this group was omission of aprepitant to the anti-emetic prophylaxis, we conclude that the addition of this anti-emetic to the inpatient formulary was the cause of significant improvement in the rates of guideline adherence for HEC cohorts. In the 2012 POGO publication on acute CINV prophylaxis guidelines, aprepitant was only recommended for patients aged >12 years old.5 Since the updated publication in 2017, the aprepitant recommendation has been extended to children >6 months of age, and has become the mainstay of anti-emetic prophylaxis for HEC patients.8 Therefore, it was critical to have this anti-emetic added to our inpatient formulary to improve our adherence rates and affect CINV control in this cohort. In contrast, the MEC sub-group experienced a variety of reasons for non-adherence that led to overall poor guideline adherence rates despite targeted interventions. The most common cause of non-adherence in this group was using ondansetron alone as anti-emetic prophylaxis. In the updated CINV prophylaxis guideline, the recommendation is to use an HT-3 antagonist (either granisetron, ondansetron or palonosetron) along with dexamethasone or aprepitant when dexamethasone is contraindicated.8 In patients who cannot receive aprepitant or dexamethasone the recommended anti-emetic is palonosetron alone.8  In our center, the formulary indications for palonosetron were designed to reflect the POGO guideline on acute CINV prophylaxis, however, none of the patients received palonosetron either in the MEC or HEC cohorts. The chemotherapy regimens most implicated in non-adherence were ALL protocols with high dose methotrexate. This was likely because of prescriber perception that this chemotherapy regimen is not moderately emetogenic and thus the majority of those patients were prescribed ondansetron alone as anti-emetic prophylaxis.  Furthermore, there may be a hesitancy on the part of providers to add more corticosteroid exposure to a population that receives high doses of steroids as antineoplastic therapy. 
In previous studies on adherence rates, both use and appropriate dose of dexamethasone has been cited as a primary factor in non-adherence.11 The guideline recommended dose of dexamethasone is 6mg/m2/dose IV/PO q6h.8  In a systematic review published in 2020 by Patel et al, dexamethasone dosing for pediatric patients as CINV prophylaxis was variable with no dose-finding studies.15 Despite the recommended dexamethasone dose in the POGO guideline, the optimal dose of dexamethasone to control CINV and minimize harms remains uncertain. As such, we elected to classify chemotherapy encounters as guideline adherent when dexamethasone was used, regardless of the dose. The range of dexamethasone doses in our study was 2-4 mg/m2/dose q8hr, where the dose was reduced by 50% in patients receiving concurrent aprepitant as recommended by the guidelines.8  
We were unable to assess rates of nausea in our study as there was no validated pediatric nausea scoring tool integrated in our inpatient patient assessment. Validated self-reported nausea tools in pediatric patients are the Pediatric Nausea Assessment Tool (PeNAT) and pictorial scales16,17 Without use of these patient-reported tools, nausea related to CINV is poorly documented in the patient care record.18 This was the experience in our study and therefore, the true incidence of CINV related nausea is unknown. We found the mean number of breakthrough medication doses was similar in the guideline adherent and non-adherent groups. This largely remained unchanged in the pre- and post- intervention groups. This may indicate that despite guideline adherence patients continued to experience nausea requiring breakthrough anti-emetics that was not recorded. Additionally, since reason for use of breakthrough medication was not recorded, patient could have been requesting use of breakthrough medication for reasons other than nausea or vomiting, such as lorazepam as an anxiolytic rather than antiemetic or dimenhydrinate as a sleep aid. 
A strength in our study was the use of a combination of interventions for successful improvement in guideline adherence rates. Use of strategies to improve guideline adherence rates has been identified in the literature, including staff education, feedback and auditing, clinical pathway tools, and integration into computer order entry systems.19,20. We tailored our interventions based on the barriers identified in our root cause analysis. We also took into careful consideration our institutional culture and previously successful interventions such as flowsheet tools used in other quality improvement initiatives. 
The challenges in our quality improvement study were the culture barriers around prescribing practices and perceptions of nausea and vomiting in certain chemotherapy regimens, such as high dose methotrexate in ALL. The current prescribing practices at our center include frequent use of intravenous dimenhydrinate as a breakthrough medication, with lack of evidence to support its broad use in this manner.  Our next steps will be to look at ways to decrease this and shift our breakthrough medication use to olanzapine as recommended by the guidelines.7 We have recently integrated the acute CINV prophylaxis guidelines into electronic chemotherapy treatment plans as part of a transition to computerized provider order entry (CPOE). Since patient reported symptoms such as nausea and poor appetite were not well captured in our current patient care records, it will be important to integrate those patient reported outcomes into the health record in the future. This will allow us to track critical outcomes measures in future analysis to ensure we are continuing to have >70% guideline adherence rates, as well as incorporate those metrics in future intervention initiatives.  
	Using quality improvement methodology and a multi-faceted intervention approach, we were able to improve guideline adherence in CINV prophylaxis in our pediatric oncology inpatients. We will look forward to future steps in this initiative, including measuring these interventions in our outpatient oncology setting, addressing adherence in the MEC cohort, and altering our prescribing practices of breakthrough anti-emetics. Using the same multi-disciplinary approach and quality improvement framework, our team will tailor interventions in the MEC cohort and undergo another cycle of analysis required to further improve guideline adherence rates in this group.  
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TABLE 1. Patient characteristics  
	Variable
	Guideline Adherent
(n=133)
	Non-guideline adherent
(n=137)
	
	Pre-invention 
(n=131)
	Post-intervention
(n=139)
	Total
(n=270)

	Age (years): mean (SD)
	10.9 (6.37)
	8.7 (5.40)
	
	8.4 (5.46)
	11.1 (6.18)
	9.8 (5.99)

	Sex
	
	
	
	
	
	

	Female: n (%)
	63 (47.4)
	70 (51.1)
	
	86 (65.7)
	47 (33.8)
	133 (49.3)

	Male: n (%) 
	70 (52.6)
	67 (48.9)
	
	45 (34.4)
	92 (66.2)
	137 (50.7)

	Cancer diagnosis: n (%)
	
	
	
	
	
	

	Leukemia/Lymphoma
	20 (15.0)
	66 (48.2)
	
	34 (26.0)
	52 (37.4)
	86 (31.9)

	Sarcoma
	66 (49.6)
	48 (35.0)
	
	56 (42.8)
	58 (41.7)
	114 (42.2)

	CNS tumor 
	15 (11.3)
	7 (5.1)
	
	10 (7.6)
	12 (8.6)
	22 (8.2)

	Hepatoblastoma 
	15 (11.3)
	12 (8.8)
	
	21 (16.0)
	6 (4.3)
	27 (10.0)

	Neuroblastoma
	5 (3.8)
	3 (2.2)
	
	3 (2.3)
	5 (3.6)
	8 (3.0)

	Other (Wilms Tumor, Germ cell tumor)
	12 (9.0)
	1 (0.7)
	
	7 (5.3)
	6 (4.3)
	13 (4.8)



TABLE 2. Guideline adherence pre- and post- intervention 
	Outcome 
	Pre-intervention
% (n=131)
	Post-intervention
% (n=139)
	Odds Ratio (95% CI)
	p-value

	Overall Guideline Adherence 
	25% (33)
	72% (100)
	34.3 (13.93, 98.54)
	<0.001

	
	
	Difference in adherence pre and post intervention by subgroup 

	Guideline adherence by emetogenicity
	
	
	
	

	MEC
	13% (6)
	34% (17)
	4.9 (1.45, 19.1)
	0.015

	HEC
	32% (27)
	93% (83)
	152.3 (36.3, >999.9)
	<0.001





TABLE 3. Breakthrough medication agent and doses
	Total no. of breakthrough agents used:  n(%)
	Guideline adherent
n=133 
	Non-guideline adherent 
N=137
	
	Pre-invention 
(n=131)
	Post-intervention
(n=139)
	Total
(n=270)

	   0
	69 (51.9)
	87 (63.5)
	
	79 (60.3)
	77 (55.4)
	156 (57.8)

	   1
	56.0 (42.1)
	44 (32.1)
	
	46 (35.1)
	54 (38.9)
	100 (37.0)

	   2
	8 (6.0)
	6 (4.4)
	
	6 (4.6)
	8 (5.8)
	14 (5.2)

	No. of breakthrough doses used: median (min, max); mean(sd)
	2 (1, 10); 2.4 (1.79) 
	2 (1, 9); 3.0 (2.40)
	
	2 (1, 10); 3.0 (2.23)
	2 (1, 9); 2.3 (1.92)
	2 (1, 10); 2.6 (2.10)


	Number of patients receiving at least one breakthrough dose 

	Medication
	N

	Dimenhydrinate 
	106

	Lorazepam
	7

	Olanzapine 
	10

	Ondansetron 
	5



FIGURE 1. Fishbone diagram for cause and effect 
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