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Study Title:
Comparison of Nicardipine and Clevidipine for Blood Pressure Management in ED Patients with Acute Stroke
Research Question:
Do the pharmacokinetic advantages associated with clevidipine provide clinically relevant improvement in time to goal blood pressure when compared to nicardipine in hypertensive patients with acute ischemic stroke presenting to the emergency department?
Background:
Clevidipine and nicardipine are two recommended intravenous options for rapid reduction of blood pressure in patients who present with both ischemic and hemorrhagic strokes. While they both have a very fast onset of less than 5 minutes, there are some variables at play between the agents. One difference is that nicardipine undergoes triphasic elimination, with a beta half-life (T½) of 45 minutes and a terminal elimination of 14.4 hours.1,2 Due to this extended duration of action, the drip can only be titrated a total of twice and at 15-minute intervals to reach goal blood pressure. Alternatively, clevidipine undergoes biphasic elimination dominated by a 1-minute initial phase and a terminal phase of 15 minutes, allowing for more rapid titrations at 90 second intervals with up to 5 titrations before reaching maximum rate.3 Rapid reduction in BP in intracerebral hemorrhage has shown some benefit in preventing expansion of hematoma.4 Furthermore, in scenarios where administration of fibrinolytics or thrombectomy are delayed as clinicians await blood pressure targets, we may find ourselves delaying interventions that are known to improve long term functional outcomes. Additionally, with the quicker offset and tighter titrations associated with clevidipine we might also avoid rates of hypoperfusion and/or hypotension. 
Only 2 studies have compared these two agents in treatment of stroke within the emergency department, both with limited sample sizes of 119 and 210 (including both ischemic and hemorrhagic stroke) and found no difference in time to goal blood pressure.5,6 This study aims to assess if a difference between these antihypertensive agents exists and if one should be considered over another in the setting of acute ischemic stroke, as current guidelines do not recommend one agent over the other.7 As these studies assessed hemorrhagic and ischemic stroke patients in their population, which further reduces the number of patients accessed in the acute ischemic stroke arm to 37 and 77, respectively, our study would be the largest to date to assess use of these two intravenous non-dihydrouridine calcium channel blockers.

Describe your study design:
This study titled “Comparison of Nicardipine and Clevidipine in Blood Pressure Management of ED Patients with Acute Stroke” aims to compare the primary outcome of time to goal blood pressure, in minutes, from initiation of either intravenous calcium-channel blockers (IV-CCB) in acute ischemic stroke (AIS) and intracerebral hemorrhage (ICH).  UCSF Medical Center recently switched their first line IV-CCB from nicardipine to clevidipine in early 2021 – this study aims to assess whether this change has made an impact on patient outcomes. This will be a retrospective cohort study assessing patients through EPIC/APeX chart review. In addition to the primary outcome, we will also be comparing the inter-group requirement of adjunctive anti-hypertensives, in-hospital mortality, patient disposition, and rates of hypotension. As such, key information to be collected and analyzed will include: exposure to study agent (nicardipine or clevidipine), diagnosis codes (ICD-10), time of initiation of study agent, physician or guideline-specified goal blood pressure, time goal blood pressure is achieved, patient co-morbidities, adjunctive anti-hypertensives administered, rates of in-hospital mortality, patient disposition, and volume of study drug administered. We’re aiming for a sample size of 300 patients, split evenly between study arms. 

This will be a retrospective cohort study to assess time to goal systolic blood pressure, in minutes, following administration of either study agent (nicardipine or clevidipine). The control group will include individuals who received nicardipine and the intervention group will include those who received clevidipine, as documented through patient chart review of the medication administration record (MAR). An alternative/ideal study design is a prospective randomized controlled study that could control for confounding variables such as nursing variability in charting or availability to titrate blood pressure in accordance with each agent’s titration schedule, as it’s like emergency department nurses are often managing multiple patients with acute needs. We will not pursue a prospective randomized controlled study due to limitations in resources, namely funding and time constraints.

Target population: 
· All patients with acute ischemic stroke who present with hypertension and require intravenous antihypertensive therapy

Accessible population: 
· Patients with acute ischemic stroke who present with hypertension and require intravenous antihypertensive therapy in the UCSF Parnassus Emergency Department

Study Location: 
· Parnassus Campus, University of California, San Francisco (UCSF) Medical Center

Time Framework:
· September 2017 – September 2021

Study Design:
· Retrospective Chart Review

Inclusion criteria: 
· A diagnosis of acute ischemic stroke patients, per patient documented ICD-10 code
· Hypertensive on admission (SBP > 190 mmHg), requiring intravenous administration of nicardipine of clevidipine  
· Administration of either study drug (nicardipine or clevidipine)
· Age ≥ 18 years 

Exclusion criteria:
· Exposure to both nicardipine and clevidipine while in the emergency department (switching agents)
· Infusion time <1 hour
· Interruptions prior to achieving goal BP
· Contraindication to either study agent
· Prisoners
· Pregnant women

Recruitment methods: 
· Not applicable

Study questionnaire: 
· Not applicable


Identify your predictor and outcome variables:

The study predictor outcome is exposure to either nicardipine or clevidipine as the intravenous calcium channel blocker of choice in the accessible population. The primary outcome variable is time from medication administration to goal systolic blood pressure, in minutes. We will depend on medication charting in the electronic medical record (EPIC Systems - Verona, Wisconsin) to assess administration time and time of successfully achieving documented goal blood pressure. Charting errors and inappropriate titration of study agents will be innate confounding factors in this retrospective cohort study. It will, however, be important that all data collectors uniformly assess patient charts – to limit inconsistencies in interpretation of data. 

Statistics:

Mean values of time to goal blood pressure in the two groups will be compared using a two-sample t-test. The t-test is the appropriate statistical test for the primary analysis because the outcome variable (time to goal blood pressure, in minutes) is continuous and the predictor variable (nicardipine or clevidipine) is dichotomous. We anticipate normal distribution of time to goal blood pressure in each of the two groups.

Statistical Test for the primary analysis:

· Primary outcome: time to goal blood pressure (in minutes)
· Statistical test: t-test

Research hypothesis: 

Due to pharmacokinetic advantages of clevidipine, it will achieve goal blood pressure faster than nicardipine in patients with acute stroke.

Sample size and power

· Statistical test: t-test
· Null hypothesis: Mean time to goal blood pressure is the same in acute ischemic stroke patients treated with clevidipine as in those treated with nicardipine.
· Alternative hypothesis: Mean time to goal blood pressure is different in acute stroke patients treated with clevidipine compared to those treated with nicardipine 
· Effect size: 24 minutes
· Standard deviation: 98 minutes
· E/S: 0.245 
· Two-sided alpha: 0.05
· Beta: 0.20
· Estimated sample size: 
· Estimated sample size (Table 6A): 253 per group, 506 total
· Estimated sample size (sample-size.net): 262 per group, 524 total 

Effect size and standard deviation were based on previous studies comparing nicardipine and clevidipine in patients with ischemic and hemorrhagic stroke in the emergency room standard deviation was 98 minutes with mean difference in time between groups was 24 minutes.6

Ethical considerations:

· This study aims to address a specific research question and will do so by collecting data on a data set that has already been collected through patient chart review. All data will be de-identified and nothing that could harm or be to the detriment of any patient involved. 
· Data collected will be stored in a UCSF secure data center through REDCap Software, Nashville, TN
· This study has been submitted for review by the Institutional Review Boards for approval.


References:
1. Curran, Monique P., Dean M. Robinson, and Gillian M. Keating. "Intravenous nicardipine." Drugs 66.13 (2006): 1755-1782.
2. Dow, R. J., and D. J. M. Graham. "A review of the human metabolism and pharmacokinetics of nicardipine hydrochloride." British Journal of Clinical Pharmacology 22.Suppl 3 (1986): 195S.
3. Clevidipine [package insert]. Parsippany, New Jersey: Fresenius Kabi Austria GmbH, Graz, Austria, Inc.; 2011.
4. Anderson, Craig S., et al. "Effects of early intensive blood pressure-lowering treatment on the growth of hematoma and perihematomal edema in acute intracerebral hemorrhage: the Intensive Blood Pressure Reduction in Acute Cerebral Hemorrhage Trial (INTERACT)." Stroke 41.2 (2010): 307-312.
5. Rosenfeldt, Zachary, et al. "Comparison of nicardipine with clevidipine in the management of hypertension in acute cerebrovascular diseases." Journal of Stroke and Cerebrovascular Diseases 27.8 (2018): 2067-2073.
6. Allison, Teresa A., et al. "Comparison of clevidipine and nicardipine for acute blood pressure reduction in patients with stroke." Journal of intensive care medicine 34.11-12 (2019): 990-995.
7. Powers, William J., et al. "Guidelines for the early management of patients with acute ischemic stroke: 2019 update to the 2018 guidelines for the early management of acute ischemic stroke: a guideline for healthcare professionals from the American Heart Association/American Stroke Association." Stroke 50.12 (2019): e344-e418.

