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Abstract  

  

Background 

Vaso-occlusive episodes (VOC) cause debilitating pain and are a common cause of emergency 

department (ED) visits, for people with sickle cell disease (SCD). Strategies for achieving 

optimal pain control vary widely despite evidence-based guidelines. We tested existing 

guidelines and hypothesized a patient-specific protocol (PSP) written by their SCD provider, 

may be more effective than weight-based (WB) dosing of parenteral opiate medication, in 

relieving pain.  

  

Methods  

Prospective, randomized controlled trial comparing a PSP versus WB protocol for patients 

presenting with VOC to six EDs.  Patients were randomized to a PSP or WB  protocol prior to an 

ED visit. SCD provider wrote their protocol and placed in the electronic health record for future 

ED visits with a VOC Exclusion criteria included: pre-existing PSP excluding parenteral opioid 

analgesia or out-patient use of buprenorphine or methadone, or highly suspected for COVID-19. 

Pain intensity scores, side effects and safety were obtained every 30 minutes for up to 6 hours 
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post-ED bed placement. The primary outcome was change in pain intensity score from 

placement in an ED space to disposition or six hours.   

Results  

328 subjects were randomized, 104 participants enrolled (ED visit, target n=230) with complete 

data for 96 visits. The study   was unable to reach the target sample size and stopped early due to 

the impact of COVID-19.  We found no significant differences between groups in the primary 

outcome; patients randomized to a PSP had a shorter ED length of stay (p=.008); the prevalence 

of side effects was low in both groups.   Subjects in both groups experienced both a clinically 

meaningful and statistically significant decrease in pain (27 mm on a 0-100 mm scale)   

Conclusions  

We found a shorter ED length of stay for patients assigned to a PSP. Patients in both groups 

experienced good pain relief without significant side effects. 
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INTRODUCTION 

Background 

Individuals with sickle cell disease (SCD) frequently experience acute pain often referred 

to as vaso-occlusive crises (VOC); it is the most common complication experienced throughout 

an individual’s with SCD lifetime. This pain is believed to be caused by tissue ischemia resulting 

from acute microvascular occlusions and can be severe and debilitating enough to require 

immediate treatment in an emergency department (ED).  Evidence-based recommendations on 

the treatment of VOC exist and include rapid, aggressive treatment of pain with opioids to 

improve pain1,2 However, there is a long history of provider and patient dissatisfaction with VOC 

management. Patients often report inadequate or delayed treatment of pain, 3 and ED providers 

(including physicians, nurses and advanced practice providers) report not believing patients are 

experiencing severe sickle cell pain that warrants opioid analgesia.4 ED  providers often express 

frustration in providing care to individuals with SCD due to varying responses to analgesia 

regimens that appear to require doses higher than seen with other patients and due to the frequent 

ED visits for some individuals with SCD. ED providers are often unaware of evidence-based 

guidelines for the treatment of VOC.4   

In 2014, the National Heart, Lung and Blood Institute (NHLBI) published 

recommendations for the treatment of SCD, including rapid treatment of painful VOC with 

parenteral opioids, using  individualized pain plans when possible. In 2020, the American 

Society of Hematology also recommended tailored opioid therapy, considering baseline opioid 

therapy and previously effective doses. Among the recommendations for rapid assessment, 

treatment, and re-administration of opioids for unrelieved pain, a core component was the use of 

patient-specific pain protocols (PSPs) when possible and use of a sickle cell disease (SCD)-
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specific protocol when PSPs are not available.2 These PSPs would be developed by the patient’s 

SCD provider and made available to ED providers via the electronic health record. Ideally, PSPs 

should provide direction on pain management (e.g., medication type and dosing 

recommendations) which may bolster ED provider confidence in determining a dose, especially 

if large doses are needed.   

However, using GRADE methodology, the level of evidence for PSPs was rated as low 

certainty due to lack of evidence about effects in the ASH guidelines.1 In addition, the creation of 

PSPs requires ongoing commitment and effort from the SCD provider to develop and keep the 

pain plans updated. Many hospitals do not have a dedicated SCD program and associated SCD 

providers who are available to write these plans for individuals with SCD.  Due to these barriers 

and the need to establish a standardized approach to managing SCD VOC that is acceptable to 

both the patients and the treating providers, we conducted and previously reported results from a 

two-site pilot randomized control trial (RCT) comparing pain relief between patients randomized 

to a PSP vs. a standard (defined as weight-based) SCD opioid analgesia protocol.5 Patients 

assigned to a PSP protocol reported a statistically and clinically significant greater reduction in 

pain than those assigned to the weight-based opioid protocol, as well as a trend towards lower 

rates of hospital admission and a quicker reduction in pain5,6. This study was conducted in only 

two ED’s with 52 different patients contributing data for a total of 126 ED visits.  

Goals 

To improve generalizability and strengthen the level of evidence, we conducted a 

multicenter RCT to compare PSP vs. weight-based opioid protocols, hypothesizing that 

individuals randomized to receive the patient-specific protocol would experience greater 

reductions in pain intensity scores. We also report side effects and safety of both protocols. 
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METHODS 

Study Design and Ethics statement  

We previously reported the design of this trial.7 Briefly, we conducted a phase III, multi-

center, single-blinded RCT (registered in Clintrials.gov with identifier NCT03933397). The 

study was approved by a single IRB (sIRB), Duke University, and each participating site.  

Study Setting and Participants   

Six academic sites were selected based upon the following criteria: 1) minimum average 

of two ED visits/day by patients with SCD for treatment of VOC; 2) hematologist willing to 

randomize their patients with SCD to either a weight-based or PSP for treatment of VOC in the 

ED, and capacity to write PSPs as needed; 3) informatics support to post the protocols in the 

electronic health record (EHR); and 4) infrastructure that could support both enrollment of 

subjects and prospective data collection in the ED. An attempt to include sites with broad 

geographic representation across the US was made. Six sites were included from the following 

states: Ohio, Michigan (n=2), Texas, Maryland, and North Carolina.  

Population for randomization   

Adults ages 18 and older with the following genotypes were eligible for inclusion: SS, 

SC, Sβ0, and Sβ+. Patients were excluded if they had sickle cell trait, if they had a PSP that 

excluded the use of intravenous opioids (i.e., oral opioids only) in the ED for treatment of VOC, 

or if they were prescribed methadone or buprenorphine to treat pain. Initially, most participants 

were consented in SCD clinic, although some were consented at the end of an ED visit for 

participation during a future ED visit, should one occur. With the onset of the COVID-19 

pandemic in March 2020, study teams contacted patients by phone to obtain consent either 
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verbally or written (via mail), per institutional protocol. Consent and randomization prior to the 

ED visit were needed for the following reasons: 1) inability to obtain consent during a painful 

VOC (too ill), and 2) time needed by the SCD provider to write a PSP or determine the weight-

based dose of pain medication and make it available in the electronic health record (EHR). 

Subjects consented to receiving either the weight based or PCP and were not aware of their 

randomization group at any time, however they were informed of the drug and dose they would 

receive. Subjects who were randomized but not enrolled at an ED visit were terminated from the 

study at the end of enrollment period and not included in the final analysis. (Figure 1) 

Population for Enrollment (ED visit criteria, primary outcome assessment)  

Randomized patients who presented to an ED for VOC requiring parenteral opioids were 

eligible for enrollment in this trial. Exclusion criteria included presentation for other 

complications (e.g., acute chest pain or stroke). Suspected or confirmed COVID-19 was added as 

an exclusion criterion, as the pandemic started six months after study enrollment began, with the 

rationale that COVID-19 may affect the pain experience.8 Unless COVID-19 was highly 

suspected at the time of the ED visit, data was collected per protocol.  Following an enrollment 

visit, study staff reviewed the medical record to identify participants diagnosed with COVID-19 

during hospitalization; the data from any participant diagnosed with COVID-19 were not 

included in the primary outcome analysis per amended study protocol. Data from only one ED 

visit was collected for each enrolled subject. After the ED visit, the study developed PSP was to 

be removed from the electronic health record. 

Study Procedures  

Baseline data were collected at the time of consent and randomization, including 

completion of a demographics survey and medical history. The medical history included the pain 
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medications usually taken by the subject on a day when experiencing severe pain. This 

information was given to the SCD provider to aid in writing the PSP.  

Pain protocols were written by the patient’s SCD provider and consisted of similar data 

elements (e.g., route, monitoring, repeat dosing every 20-30 minutes), based on NHLBI 

recommendations (Supplemental Table 1).2 All morphine and hydromorphone doses were 

ordered in 2 mg and 0.5 mg increments respectively to avoid the need for the nurse to need to 

waste excess volumes of medication. The only difference between study arms was in the 

determination of the initial dose used in the ED which was based on home long and short acting 

opioid use. The initial dose ordered for the PSP is reported in Table 4. For those randomized to 

weight-based dosing arm, doses were determined using weight ranges. For those randomized to a 

PSP, the SCD provider used a calculator developed by the study team’s pain and SCD experts 

with experience in writing PSPs (JJS, JP, PLK) to determine the initial opioid analgesic and 

dose. Between one to two SCD providers at each site were responsible for working with the 

study team to use the calculator and develop the PSP’s. There was minimal turnover or refusal to 

participate from this group. If a new SCD provider joined the study site they were oriented to the 

calculator and worked with the study team to ensure comfort with calculating doses. The 

calculator converted the patient-reported home opioids (long- and short-acting) taken in a 24-

hour period for severe pain to a first parental dose in the ED. This dose was then reconciled with 

past ED doses. If the dose determined by the calculator exceeded the last dose received in the ED 

by 10%, the doses were discussed and adjudicated with the site’s study team expert. If the 

proposed dose from the calculator was less than a weight-based dose, the weight-based dose was 

used. The first three plans at each site were reviewed by one of these experts, who was also 

available for consultation throughout the project; additional consultations rarely occurred. 
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However, the experts provided booster refresher sessions with each site’s SCD providers as 

needed after COVID-19 research restrictions relaxed and sites were again able to enroll new 

subjects and write PSPs. Once the subject’s protocol (PSP or weight-based) was written, the 

research team ensured that the protocol was uploaded to the EHR and made visible to the ED 

provider. All ED providers were informed of the study and how to access the subject’s PSP 

protocol in the EHR. While they were encouraged to follow the protocols, the ED treating 

provider ultimately decided what medications were administered. We measured adherence to the 

protocol. 

When randomized patients presented to the ED, research staff were alerted for potential 

enrollment. ED data collection began when the patient met enrollment criteria (i.e., visit was for 

VOC with no strong suspicion of COVID-19) and was placed in a treatment space (i.e., not upon 

arrival). During the ED visit, the research staff obtained pain intensity scores, vital signs, and 

safety measurements every 30 minutes until one of the following were met, whichever came 

first: 1) decision to discharge home, 2) decision to admit to the hospital or assigned observation 

status for continued pain management, or 3) after six hours of treatment for VOC. A ten-minute 

window was allowed for each 30-minute data collection point; if the patient was unavailable 

(e.g., in radiology), the data for that time point was considered missing.  

Pain intensity scores were initially to be measured using a 0-100 millimeter (mm) visual 

analog scale (VAS); however, during the COVID-19 pandemic, one site removed paper forms 

from the ED as an infection control measure. The protocol was amended in August 2020 to add 

collection of a 0-100 verbal numerical rating scale (NRS). All sites were asked to obtain both a 

VAS (if possible) and a verbal NRS, collecting the VAS first. Research assistants (RA) were also 

trained to assess vital signs and side effects (e.g., nausea, vomiting, or itching) from the patient 
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every 30 minutes. Sedation was also assessed at these data collection points using the Pasero 

Opioid-Induced Sedation Scale (scored from 0-4, with four indicating minimal or no response to 

verbal or physical stimulation).9,10 After completion of study visit, research staff collected data 

on all opioids and non-opioids, doses, routes, and timing of administration. All opioid doses were 

converted to intravenous morphine milligram equivalents (IV MME). 

Outcome Measures  

The primary study endpoint was the change in pain intensity score from placement in an 

ED treatment space to disposition decision or a maximum treatment duration of 6 hours, 

whichever came first, with a clinically meaningful change defined as 14 mm on VAS or 14 on 

verbal NRS (if VAS was unavailable). This difference has been previously determined to be 

associated with a clinically meaningful decrease in pain in ED’s,11,12 and in the ED with SCD13 

Secondary endpoints included side effects, safety, ED length of stay, hospital admission for pain 

control, and health care utilization for pain (ED re-visit, hospitalization, or day hospital visit) 

within seven days of study visit.  

Statistical Analysis  

As reported in the protocol paper for this trial,7 we planned to randomize 460 participants 

to provide a sample size of 230 enrolled participants with ED visits. This sample size provided 

90% power to detect a clinically significant difference of 14 units in change of pain intensity 

scores between the two groups with 0.05 type I error. The sample size calculation was based on 

t-test with assumptions drawn from the pilot study, observing the same standard deviation (SD) 

of 31 in change of pain intensity score in the two groups while accounting for 10% missing data 

rate on the change of pain intensity score.5 With a total of 104 subjects enrolled due to COVI9-19 

impact, we have only 58% power to detect the same clinically significant difference with the same 

assumptions. 
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Descriptive statistics were used to summarize sociodemographic and clinical 

characteristics for all enrolled participants by randomized groups. Means, standard deviations, 

medians, 25th and 75th percentiles, minimum and maximum were calculated for continuous 

variables; the number and frequency of patients in each category were compiled for nominal 

variables. To examine whether those enrolled with an ED visit differ from those who were not 

enrolled when the enrollment period ended, comparisons of these characteristics between groups 

with and without recorded ED visits were performed. Chi-square test (or Fisher Exact test if low 

frequencies) was used for categorical variables and Wilcoxon rank sum test was used for 

continuous variables in comparisons between the two groups. 

Linear regression was used to analyze the primary outcome, with change in pain intensity 

score as the dependent variable to assess the treatment effect of the pain plan randomized 

(weight-based vs PSP) and adjusting for the pre-specified covariates, namely initial pain 

intensity score at ED time of placement in a treatment area, SCD genotype, and subject age and 

gender. Sensitivity analyses with the best and worst scenarios were planned to examine impact of 

departure from the missing at random assumptions on the treatment effect, where the worst 

scenario is to impute the missing pain intensity score change to be zero for the PSP patients and 

observed maximum pain change for the weight-based patients and the reverse is used for the best 

scenario. 

The same linear regression approach was also planned for the secondary outcome of the 

ED length of stay, measured from ED arrival to discharge, to assess the treatment effect. All 

other secondary outcomes were binary, therefore, a chi-square test or Fisher exact test (if 

frequency is below 5 or less) was performed to compare the two groups. The following a-priori 
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sub-group analyses were planned based on sub-groups defined by  sex, age (≥ or < 30 years), 

genotype (SS/SB0 vs. SC/SB+), route (IV or subcutaneous [SC]), and administration of non-

steroidal anti-inflammatory drugs (yes or no).  

Various side effects, adverse events (AE) or serious adverse events (SAE) were 

summarized with frequency and percent within the two groups. SAEs specific to this protocol 

included respiratory depression requiring naloxone administration within two hours of last 

administration of a pain protocol drug, death, life-threatening complications, admission to the 

intensive care unit, or intubation within seven days of first administration of pain protocol during 

the enrollment ED visit.  A chi-square, Fisher’s exact, or other appropriate two-sample methods 

were used for comparison of the safety data between the groups. SAS version 9.4 was used for 

all data analyses. A p-value of 0.05 or less was considered statistically significant. 

 

RESULTS 

We screened 344 patients, randomized and consented 328 patients, of which 104 enrolled 

during an ED visit and had data collection, and 96 patients provided primary outcome measures 

(Figure 1). We began patient randomization and consent in August 2019, and ED enrollment and 

data collection in November 2019. In March 2020, due to the COVID-19 pandemic, all sites 

closed to both randomization and enrollment of new subjects for a minimum of six months; one 

site was shut down for 17 months. Due to the continued low rate of ED visits and data collection, 

the Data Safety Monitoring Board (DSMB), in collaboration with the study investigators and the 

NHLBI determined the trial would be stopped early, mid-May of 2022 when 328 subjects were 

randomized and 104 were enrolled. Out of 224 randomized but not enrolled subjects, 136 

subjects did not have an ED visit, 55 had ED visits but were missed (mostly due to arrival at late 
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night or early morning hours), and 33 had ED visits with a chief complaint other than VOC or 

the ED providers were highly suspicious for COVID-19 (Figure 1). 

The final enrolled sample had a mean age of 30.3 years, was 62% female, 98% African 

American/Black, and 74% had SS or Sβ0 genotype (Table 1). There were no differences in 

demographic or clinical characteristics between assigned treatment protocols in the enrolled 

samples (N=104) and in those with primary outcome data (N=96, Supplemental Table 2). There 

were no significant differences in demographic or clinical characteristics of randomized subjects 

between those enrolled as compared to not enrolled except in history of acute chest syndrome 

(ACS) and retinopathy (Supplemental Table 3). More individuals with ACS were enrolled and 

had an ED visit which is expected and indicates a higher disease severity. Fewer patients with 

retinopathy had ED visits, however the reasons for this are unclear. Such few differences in 

characteristics implies that the enrolled patients are reasonable representation of the randomized 

patients.  

While some patients had a verbal NRS pain intensity score, all patients had VAS pain 

intensity scores and thus the VAS pain intensity score was used in all analyses. There was no 

significant difference between treatment groups, with an adjusted mean difference of 0.67 mm 

(95% confidence interval (CI): -10.91, 12.25) in the primary endpoint of change in pain intensity 

score with adjusted P value = 0.909 (unadjusted univariate P value = 0.921) (Table 2). With low 

missing data and few patients with later confirmed COVID-19, similar results were observed in 

the sensitivity analyses with N=104 subjects that included the 3 later confirmed COVID-19 

subjects, best-case or worst-case scenarios accounting for missing data (P value from these 

sensitivity analyses ranges from 0.451 to 0.879). Multiple imputation method was not carried out 

due to lower than 5% missing data. The mean improvement in pain intensity scores in both 
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groups was approximately 27 mm. There were no significant differences between the two groups 

in two exploratory binary outcomes, 1) those with ≥ 14 mm change in VAS pain intensity score 

and 2) those with ≥ 30% reduction in pain intensity score from arrival to discharge. Figure 2 

depicts pain intensity scores over time between groups. Both groups started with the same 

median pain intensity score of 80 mm at the time of ED bed placement and appeared to have the 

greatest reduction in pain intensity at 180 minutes. Planned sub-group analyses also indicated 

that differential treatment effect between the two groups was not detected in pre-specified 

subgroups defined by sex, age (≥ or < 30 years), genotype (SS/SB0 vs. SC/SB+), and 

administration of non-steroidal anti-inflammatory drugs (yes or no) with interaction P value 

ranging from 0.194 to 0.873. The sub-group analysis based on route was not performed because 

all patients except one had IV route.  

For the secondary outcomes, patients who were assigned to PSPs experienced a 

significantly shorter ED length of stay (P=0.008). When controlling for the same covariates as in 

the model for the primary outcome, sex and total administered IV opioid dose, we estimated 

from the linear regression that patients who received a PSP experienced a 46-minute (95% CI: 8 

min, 86 min) shorter ED length of stay than those in the weight-based group (Model 1 in Table 3, 

Figure 3). The adjusted ED length of stay in PSP is 44 minutes shorter if total administered IV 

opioid dose is adjusted additionally (Model 2 in Table 3).  No association is detected between the 

ED length of stay and the change of pain score (P=0.74 for the ED length of stay when it is 

added to regression model for change of pain score). No significant difference between groups 

was observed on hospitalization admission or health care utilization (ED re-visit, hospitalization, 

or day hospital visit) within seven days (Table 2). 
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Table 4 reports actual drug name, dose, route and re-dosing frequency, as well as ED 

provider adherence to the protocols. There was no statistically significant difference in the total 

IV MME administered during the ED visit between treatment protocol groups. Patients received 

a total median (interquartile range (IQR)) IV MME of 21.0 (16.0 - 41.7) and 32.5 (23.3 - 46.7) in 

the PSP and weight-based protocol, respectively. The median (IQR) initial doses were 6.7 (6.7 - 

13.3) and 10.0 (6.7 - 10.0), IV MME in PSP and weight-based protocol, respectively group. 

Hydromorphone was more frequently given in each treatment group (92% and 82.6%) than 

morphine. Only one patient in the weight-based protocol received an intra-muscular 

administration of analgesic; all other doses were administered intravenously. Adherence to the 

SCD provider recommended medication, dose, and route was excellent (Table 4). The correct 

drug and route were administered 90% and 97% of the time (PSP and weight-based protocol 

respectively). The median (IQR) difference of IV MME between administrated and ordered 1st  

dose was 0.0 (0.0 -0.0) for both groups. Subsequent doses are reported in Table 5. Most patients 

received three to four doses with a median of around 10 mg of IV MME per dose. 

There were no significant differences in side effects or safety. Table 2 reports side effects 

per protocol. Pruritus was experienced most frequently (78% weight-based, 62% PSP), followed 

by nausea (41% weight-based, and 38% PSP). Moderate to severe sedation (>3) was experienced 

in 11% and 8% of patients in the weight-based and PSP respectively. No patient required 

intubation or naloxone administration, or other SAEs in either protocol.   

 

DISCUSSION 

We report data from the largest RCT to date comparing the efficacy of treating VOC with 

a patient-specific vs. weight-based protocol for dosing of opioid analgesics, finding no difference 
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in pain improvement between protocols. Due to the COVID-19 pandemic, we did not reach our 

target sample size of 230 subjects. More importantly, and to the surprise of the investigators, 

patients in both protocols received a very similar initial and total opioid dose. In the previously 

conducted pilot study, the doses for the PSP were developed at the discretion of the SCD 

provider.5 Subjects assigned to a PSP and weight-based protocol received a mean initial dose of 

12 mg IV MME and 8.5 mg MME respectively, compared to mean initial dose of 10 mg IV 

MME in both groups in the current study. In the pilot RCT, subjects assigned to the patient-

specific and weight-based protocols received a total mean dose of 59 mg IV MME and 49 mg 

MME (data collected on multiple ED visits) respectively; both groups receiving more than the 

mean doses provided to patients in the current study.5 Patients assigned to the current study PSP 

and weight based protocols received a total mean dose of 36 IV MME and 39 MME respectively. 

A real world implementation of an ED SCD specific protocol was conducted and previously 

reported. 14 The protocol allowed up to 10 mg of IV hydromorphone or 50 mg of IV morphine 

sulfate over the course of one hour to adults with SCD who took opioids within the last 24 hours. 

In that analysis of 603 ED visits from one center, patients received an average of 63 IV MME 

over the mean (SD) length of ED stay of 203 (143) minutes.14 It is likely that the lower doses 

administered in both groups in this trial contributed to the lack of difference in improvement in 

pain intensity scores.  

 In this study, subjects who received a PSP had a 45-minute shorter length of stay 

compared to those managed with a weight-based protocol, although similar doses were received 

by both groups.   These results are encouraging, as it may highlight the benefit of developing a 

tailored dose for each patient. Given the incredible overcrowding situation in EDs,15 any 

improvement in ED length of stay is important. It is also important to note that the majority of 
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patients experienced the maximum pain relief at 180 minutes from placement in an ED treatment 

space. Seventy one percent of subjects required three doses, 43% of subjects required a 4th dose, 

and only 15% and 6% of patients required a 5th and 6th dose respectively.  In many EDs, the 

common practice is administration of three doses and then determine a disposition. ED providers 

are under pressure to make disposition decisions quickly, as increased ED length of stay 

contributes to overcrowding, decreases patient satisfaction and increases left without being seen 

rates.16 However, our data support the provision of the possible need for extra time and at least 

four doses to obtain adequate pain relief. If rapid administration of the initial dose, and 

adherence to the NHLBI and ASH guidelines of re-assessment and re-administration of repeat 

doses every 30 minutes can be achieved, the overall ED length of stay may be significantly 

shortened. Some EDs use clinical decision support systems to improve safe and efficient ED care 

based, including guidelines to treat pain in the ED prior to admission.17,18 Our data should help 

justify the additional dose of analgesic. Finally, many individuals with SCD report preferring to 

avoid hospital admission in favor of discharge from the ED if their pain is controlled sufficiently 

to be able to manage at home. While we found no difference between protocols with regards to 

hospital admission, our hospital admission rates are similar to other quality improvement 

projects that implemented PSPs in either adult or pediatric EDs, with admission rates ranging 

from 52% to 63%..19-22 Our pilot randomized controlled trial also had admission rates of 58% 

and 40% for patients randomized to weight-based and individualized pain protocols 

respectively.5 Future investigations will help gain an understanding of other factors needed to 

reduce hospital admission in addition to the use of PSPS. Together, these findings suggest that 

use of PSP or weight-based protocols results in significantly improved pain, without an increase 

in side effects and the use of PSP resulted in a shorter length of ED stay.  
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With regards to safety, while research staff closely monitored side effects and vital signs, 

no patient required intubation, assistance with ventilation, or administration of naloxone. We 

believe use of a sedation scale is important. Future work should investigate how PSP’s can 

advance the quadruple aim of improving health care (cost savings, improved health outcomes 

and patient satisfaction as well as a decrease in provider burden. 

In the current study we carefully developed an opioid calculator which could be easily used by 

SCD providers to facilitate development of PSPs with a strong emphasis on safety. The 

calculator considers the use of long and short acting opioids which are often used to treat chronic 

and acute pain in SCD. In addition, the calculator provides a standardized method for SCD 

providers to determine an initial and repeat dosing to treat VOE in the ED. Three experts on the 

study team collaborated and based the function of the calculator on a previously developed and 

published calculator used to develop weight-based plans for children with SCD. One of the 

strong contributions of this project is the calculator; our team is investigating a permanent 

website for the calculator.  The calculator can serve as an aid for SCD providers not ED 

providers, to develop patient specific pain plans to manage VOC in the ED. The calculator will 

be posted on the National Association of Sickle Cell Centers website which is a resource for 

sickle cell hematologists and other providers that care for individuals with SCD. The calculator 

is not proprietary and will be available for use free of charge. The calculator is not intended to be 

used by emergency providers, however, the weight-based calculator is included and maybe 

helpful.  Both the PSP and weight-based protocol doses determined by the calculator resulted in 

what is considered a statistically and clinically important reduction in pain intensity (14 mm and 

30% reduction).  
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 In our previous study and in the current project, EM providers had excellent adherence to 

the protocol. 5 This may indicate that written recommendations from SCD providers may give 

ED providers greater confidence that they are ordering appropriate doses to manage their 

patients’ VOC pain. We previously surveyed ED physicians immediately after using either the 

patient-specific or weight-based protocol.23 ED physicians reported being satisfied with the 

clarity of the order (97.6%), its ability to manage pain (91%), and better than their usual ED 

strategy (70%). 23 Patient specific analgesic protocols to treat VOC have been found to decrease 

time to administration of first opioid, overall time to disposition when guidelines are followed, 

and a decrease in hospital admission rates.19,20,22,24,25 

Our data support previous data that administration of a patient-specific and weight-based 

opioid protocols are safe. There were no serious adverse events throughout the current or 

previous study.5 The most common side effects continue to be nausea and pruritis, and again, no 

patients required intubation or Naloxone. These results are similar to a previous analysis of 603 

ED visits by 72 unique patients using a high-dose protocol.14There were 63 episodes experienced 

by 13 unique patients who had either a SpO2 <92% (n=61) or respirations less than 10 breaths 

per minute (n=2).14 No administration of Narcan or intubation was required to treat these 

episodes. Monitoring sedation and vital signs is important, especially as more EDs are forced to 

treat patients with VOC in non-traditional settings such as hallways and waiting rooms due to 

overcrowding. Excellent monitoring protocols should be in place and monitoring of the 

adherence should be performed. 

  

LIMITATIONS 
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There are several limitations in this study. First, we were unable to achieve our targeted 

sample size due to the COVID-19 pandemic, resulting in our inability to determine if there are 

differences in pain relief between protocols as the power is only 58% with a total of 104 subjects 

enrolled. However, both standardized approaches led to clinically meaningful decreases in VOC 

pain intensity during the ED visit. Second, we excluded patients with SCD on methadone and 

buprenorphine to manage chronic pain, due to lack of scientific agreement regarding potency of 

these agents. Calculating conversions would be challenging.  Additionally, for those patients on 

chronic outpatient opioid therapy, we had a conservative approach to increasing individualized 

opioid doses for PSPs compared to prior ED treatment that may have resulted in lower than 

optimal doses for some opioid tolerant participants. This lower dose is an important limitation. 

Our conservative approach was intentional as we aimed to examine the safety of the protocols. 

Patients receiving outpatient chronic opioid therapy deserve additional study, as there are little 

data to guide acute-on-chronic pain in the ED setting. An additional limitation was the inability 

to capture all ED visits, many of which occurred during late night or early morning hours based 

on the captured reasons for the missed ED visits. A total of 46 patients with missed ED visit had 

ED visits later that were captured and enrolled.  Thus, we do not have reason to believe these 

patients are different with regards to their experience of pain. We also did not include any 

patients experiencing complicated VOC including signs of infection or acute chest syndrome. 

ED physicians were not blinded to the study protocol which may have contributed to the shorter 

length of ED stay for those patients assigned to the PSP. Finally, our study was conducted in 

large academic centers with research infrastructure in the ED, which may limit the 

generalizability of our findings.  
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CONCLUSIONS 

In this study, both the patient specific protocols (PSPs) and weight-based protocol 

provided clinically meaningful pain relief. The use of a standardized approach that allowed up to 

six hours and included  the use of a calculator to determine PSP and weight-based opioid dosing 

for individuals with SCD, had high adherence by ED providers, were found to be safe, and 

resulted in a reduction in pain intensity of 27 mm. Most patients required three to four hours of 

analgesic treatment in the ED. Patients treated with a PSP had a shorter ED length of stay. This 

study provides evidence for using a standardized approach to VOC management in the ED, as 

recommended by national guidelines (NHLBI, ASH).  
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344 Screened 

 

328 Eligible, Consented and Randomized 

 

162 Patient-Specific Group 

 

166 Weight-Based Group 

54 had ED Visit and Enrolled 50 had ED Visit and Enrolled 

 

50 Primary Analysis – 

Enrolled subjects 

46 Primary Analysis –

Enrolled subjects 

7 not eligible  

4 not consented 

5 other 

74 no ED visit 

16 with missed ED visit 

and never enrolled 

18 with ED visit due to 

diagnosis other than VOE 

or COVID suspect  

76 no ED visit 

25 with missed ED visit 

and never enrolled 

15 with ED visit due to 

diagnosis other than VOE 

or COVID suspect 

1 withdrawal of consent  

1 investigator decision 

1 missing pain score 

1 COVID-19 confirmed 

1 investigator decision 

1 missing pain score 

2 COVID-19 confirmed 

Legend: 74 and 76 randomized patients in each treatment group never had an ED visit. 16 

and 25 patients in each treatment group presented during the ED when research staff was 

unavailable to collect data and had a missed ED research visit. Out of the 104 had ED visit 

and enrolled, 46 (23 in each group) also had prior missed visits. 
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Table 1.  Demographic and Clinical Characteristics 

 

 

Patient-Specific Protocol 

(Individualized) 

N=54 

Weight-Based 

N=50 

Total Enrolled with 

ED Study Visit 

N=104 P-value 

Demographic      

Age     0.167 

     Mean (S.D.) 31.3 (8.63) 29.3 (8.28) 30.3 (8.48)  

Median (25th, 75th percentile) 29.0 (25.0, 37.0) 27.0 (24.0, 33.0) 28.0 (24.0, 35.0)  

Age <30  28/54 (51.9%) 31/50 (62.0%) 59/104 (56.7%)  

Age >=30  26/54 (48.1%) 19/50 (38.0%) 45/104 (43.3%)  

Gender     0.320 

Male  18/54 (33.3%) 21/49 (42.9%) 39/103 (37.9%)  

Female  36/54 (66.7%) 28/49 (57.1%) 64/103 (62.1%)  

Ethnicity     0.496 

Hispanic  2/54 (3.7%) 0 2/103 (1.9%)  

Not Hispanic or Latino  52/54 (96.3%) 49/49 (100.0%) 101/103 (98.1%)  

Race     1.000 

African American/Black  53/54 (98.1%) 48/49 (98.0%) 101/103 (98.1%)  

Others  1/54 (1.9%) 1/49 (2.0%) 2/103 (1.9%)  

Clinical Genotypes     0.366 

SS, SB0  42/54 (77.8%) 35/50 (70.0%) 77/104 (74.0%)  

SC, SB+  12/54 (22.2%) 15/50 (30.0%) 27/104 (26.0%)  

Weight (kg)     0.785 

     Mean (S.D.) 73.8 (16.63) 74.2 (16.49) 74.0 (16.49)  

Median (25th, 75th percentile) 72.0 (59.0, 90.0) 72.9 (63.0, 83.0) 72.3 (61.1, 86.3)  

Leg Ulcers  3/53 (5.7%) 2/50 (4.0%) 5/103 (4.9%) 1.000 

Pulmonary Hypertension  10/51 (19.6%) 6/48 (12.5%) 16/99 (16.2%) 0.337 

Acute Chest Syndrome  39/53 (73.6%) 35/48 (72.9%) 74/101 (73.3%) 0.940 

Retinopathy  2/53 (3.8%) 4/49 (8.2%) 6/102 (5.9%) 0.424 

Stroke  11/50 (22.0%) 8/50 (16.0%) 19/100 (19.0%) 0.444 

TIA (transient ischemic attack)  3/49 (6.1%) 1/49 (2.0%) 4/98 (4.1%) 0.617 

Avascular Necrosis   22/53 (41.5%) 17/47 (36.2%) 39/100 (39.0%) 0.585 

Kidney Dysfunction  2/51 (3.9%) 5/50 (10.0%) 7/101 (6.9%) 0.269 

Heart Failure  3/52 (5.8%) 1/50 (2.0%) 4/102 (3.9%) 0.618 

Gallbladder Disease  18/52 (34.6%) 15/50 (30.0%) 33/102 (32.4%) 0.618 

Seizure  8/50 (16.0%) 4/50 (8.0%) 12/100 (12.0%) 0.357 

Liver Dysfunction  3/52 (5.8%) 0 3/102 (2.9%) 0.243 

Baseline Paine Score N=53 N=50 N=103 0.942 

   Mean (S.D.) 78.0 (18.03) 79.8 (13.44) 78.9 (15.92)  

   Median (25th, 75th percentile) 80.0 (70.0, 94.0) 80.0 (70.0, 90.0) 80.0 (70.0,  92.0)  
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Table 2.  Primary Outcome and Secondary Endpoints, Vital Signs and Safety Data 

 

Patient-Specific 

N=50 

Weight-Based 

N=46 P-value 

Primary Outcome     

Change in Pain Score from bed placement N=50 N=46 0.909* 

      Mean (S.D) -27.0 (27.54) -27.6 (28.13) 0.921 

      Median (25
th
, 75

th
) -16.0 (-45.0, -7.0) -25.0 (-46.0, -7.0)  

Supplemental Primary Outcome Analysis     

At least 14 mm change in pain score (arrival to discharge)  27/50 (54.0%) 28/46 (60.9%) 0.497 

At least 30% reduction in pain score (arrival to discharge)  22/50 (44.0%) 24/46 (52.2%) 0.423 

Secondary Outcomes     

Length of Index ED Stay (hrs.) From Bed Placement to Discharge  50 46 0.008 

     Mean (S.D) 3.4 (1.48) 4.2 (1.72)  

     Median (25
th
, 75

th
) 3.1 (2.5, 4.0) 4.2 (3.1, 5.6)  

Length of Care (hrs.) From Bed Placement to Last Drug Dose  49 45 0.644 

    Mean (S.D.) 2.5 (1.46) 2.6 (1.62)  

    Median (25
th
, 75

th
) 2.2 (1.7, 3.0) 2.6 (1.4, 3.5)  

Hospitalized for VOC 25/50 (50.0%) 26/46 (56.5%) 0.522 

Day Hospital Visits within 7 Days Post Enrollment Visit 5/50 (10.0%) 2/46 (4.3%) 0.438 

Hospitalizations for VOC within 7 Days Post Enrollment Visit  11/50 (22.0%) 14/46 (30.4%) 0.347 

Return ED Visits within 7 Days Post Enrollment Visit 8/50 (16.0%) 3/46 (6.5%) 0.203 

Hospital Re-admission within 7 Days Post Enrollment Visit 2/50 (4.0%) 0 0.496 

Side Effects and Safety (at any time point during ED visit)     

Nausea  19/50 (38.0%) 19/46 (41.3%) 0.741 

Vomiting  7/50 (14.0%) 6/46 (13.0%) 0.891 

Pruritus  31/50 (62.0%) 36/46 (78.3%) 0.083 

SPO2 < 95% requiring supplemental oxygen via nasal cannula due 

to opioid therapy  

4/50 (8.0%) 7/46 (15.2%) 0.343 

Moderate to Severe Sedation (Sedation Score of >= 3)  4/50 (8.0%) 5/46 (10.9%) 0.733 

Drowsiness  15/50 (30.0%) 9/46 (19.6%) 0.238 

Respiratory Depression not requiring intubation  0 1/46 (2.2%) 0.479 

Low Blood Pressure (SBP < 90mmHg and/or DBP < 50 mmHg)  3/50 (6.0%) 1/46 (2.2%) 0.618 
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                  *P-value for the adjusted treatment effect based on linear regression that adjusted for baseline pain score, SCD genotype, age and 

gender.  

     All other p-values are univariate p-values. 

 

Table 3.  Linear Regression on ED Length of Stay in Hrs. 

 

                Variables      Regression Coefficient  Standard Error  P-value 

           Model 1 

  Treatment (0=Patient Specific, 1=Weight-Based)                 0.78*                                  0.33                                         0.02 

               Age in years       -0.04       0.02                                         0.06 

  Gender (1=Male, 0=Female)     0.05               0.35              0.90 

  Genotype (1 for SS, SB0, 0 for SC, SB+)                0.51       0.38    0.18 

  Baseline Pain Score                              0.007                                   0.01                                         0.49 

          Model 2 

  Treatment (0=Patient Specific, 1=Weight-Based)                 0.74                                    0.32                                         0.02 

               Age in years       -0.05       0.02                                         0.02 

  Gender (1=Male, 0=Female)     0.10              0.34              0.71 

  Genotype (1 for SS, SB0, 0 for SC, SB+)    0.57       0.38    0.13 

  Baseline Pain Score                              0.001                                   0.01                                  0.90 

               Total IV Morphine Milligram Equivalent dose                       0.011            0.006               0.02 

 

*When controlling for sex and total administrated IV morphine milligram equivalent (MME) dose, we estimated from the linear regression 

that patients who received the patient specific protocol experienced a 46-minute or 0.78/1 hour (95% CI: 8 min, 86 min) shorter ED length 

of stay than those in the weight-based group.  
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Table 4.  ED Analgesics Given, Initial Analgesic Order Protocol by SCD Provider, and ED Provider Adherence to Protocols  

  

  

Patient-Specific  

N=50  

Weight-Based  

N=46  P-value  

        

Actual Total ED Analgesic Dose Delivered in IV MME   50  46  0.146  

      Mean (S.D.)  35.5 (29.31)  39.4 (27.96)    

      Median (25
th
, 75

th
)  21.0 (16.0, 41.7)  32.5 (23.3, 46.7)    

      Min, Max  3.0, 133.3  6.7, 140.0    

        

First Dose Ordered by hematologist/SCD provider  50  46  0.683  

      Mean (S.D.)  10.4 (6.92)  9.2 (2.47)    

      Median (25
th
, 75

th
)  6.7 (6.7, 13.3)  10.0 (6.7, 10.0)    

      Min, Max  3.3, 33.3  4.0, 13.3    

        

First Dose Administered   50  46  0.402  

      Mean (S.D.)  10.3 (7.22)  9.5 (2.83)    

      Median (25
th
, 75

th
)  6.7 (6.7, 13.3)  10.0 (6.7, 10.0)    

      Min, Max  1.0, 33.3  4.0, 15.0    

        

Study drug name assigned by protocol         

Morphine sulfate, n (%)   8 (16.0%)  9 (19.6%)  0.648  

Hydromorphone, n (%)   46 (92.0%)  38 (82.6%)  0.165  

Others, n(%)   6 (12.0%)  7 (15.2%)    

1
st
 dose route administered         

IV, n (%)   50 (100.0%)  45 (97.8%)  0.295  

IM, n (%)   0  1 (2.2%)  0.479  

Adherence to analgesic protocol (per visit) – Dose 1         

Adherence: Dose 1 in IV MME (Administered Dose 1 – Ordered 

Dose 1)   

50  46  0.274  

      Mean (S.D.)  -0.1 (2.89)  0.4 (2.13)    

      Median (25
th
, 75

th
)  0.0 (0.0, 0.0)  0.0 (0.0, 0.0)    

      Min, Max  -9.3, 13.3  -6.7, 9.0    

Adherence: Medication name, n (%)   45 (90.0%)  44 (95.7%)  0.287  
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Adherence: Route (IV or IM), n (%)   47 (94.0%)  45 (97.8%)  0.349  

 

ED= Emergency Department  

SCD= Sickle Cell Disease 

IV= Intravenous  

MME= Morphine Milligram Equivalent 

S.D.= Standard Deviation 

 

Table 5. Subsequent Administered Doses  

 

  

Patient-Specific  

N=50  

Weight-Based  

N=46  P-value  

Second Dose Administered   48  42  0.360  

      Mean (S.D.)  11.2 (7.69)  11.2 (4.98)    

      Median (25
th
, 75

th
)  8.3 (6.7, 14.2)  10.0 (6.7, 13.3)    

      Min, Max  1.0, 33.3  4.0, 30.0    

        

Third Dose Administered   35  33  0.622  

      Mean (S.D.)  10.7 (6.93)  11.1 (6.59)    

      Median (25
th
, 75

th
)  10.0 (6.0, 13.3)  10.0 (6.7, 13.3)    

      Min, Max  1.0, 26.7  5.0, 40.0    

        

Fourth Dose Administered   18  24  0.293  

      Mean (S.D.)  13.7 (7.86)  11.6 (7.68)    

      Median (25
th
, 75

th
)  13.3 (6.7, 16.7)  10.0 (6.7, 13.3)    

      Min, Max  4.0, 26.7  5.0, 40.0    

        

Fifth Dose Administered   5  9  0.217  

      Mean (S.D.)  15.6 (7.39)  11.9 (6.03)    

      Median (25
th
, 75

th
)  13.3 (13.3, 18.0)  10.0 (10.0, 13.3)    
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      Min, Max  6.7, 26.7  6.7, 26.7    

        

Sixth Dose Administered   1  5  0.756  

      Mean (S.D.)  13.3 (.)  14.0 (7.60)    

      Median (25
th
, 75

th
)  13.3 (13.3, 13.3)  13.3 (10.0, 13.3)    

      Min, Max  13.3, 13.3  6.7, 26.7    

        

Seventh Dose Administered   1  2  0.480  

      Mean (S.D.)  13.3 (.)  16.7 (4.71)    

      Median (25
th
, 75

th
)  13.3 (13.3, 13.3)  16.7 (13.3, 20.0)    

      Min, Max  13.3, 13.3  13.3, 20.0    

        

Eighth Dose Administered   0  2    

      Mean (S.D.)    13.3 (0.00)    

      Median (25
th
, 75

th
)    13.3 (13.3, 13.3)    

      Min, Max    13.3, 13.3    

        

Ninth Dose Administered   0  2    

      Mean (S.D.)    10.0 (4.71)    

      Median (25
th
, 75

th
)    10.0 (6.7, 13.3)    

      Min, Max    6.7, 13.3    

        

 

S. D= Standard Deviation  
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