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Objective: Vaso-occlusive events (VOEs) are the primary cause of acute pain in individuals with sickle cell disease (SCD), where
high-dose opioids are the current standard treatment. Ketamine, a non-opioid analgesic, holds potential for managing acute SCD due to
its opioid-sparing properties. This study aimed to explore the barriers and facilitators to an inpatient clinical trial of ketamine infusion
for treatment of acute SCD pain.

Methods: A mixed-methods design integrated quantitative survey data from 70 sickle cell and emergency medicine clinicians with
qualitative insights from 10 patient focus group participants. Survey responses (n = 77 total, including seven registered nurses) were
analyzed descriptively and via Fisher’s exact and Mann—Whitney U-tests, while focus groups were thematically coded using themes
from the Consolidated Framework for Implementation Research.

Results: Clinicians showed varied comfort levels with ketamine, with significant differences between sickle cell and emergency
medicine clinicians. Barriers to future trials included the lack of standardized protocols (50.6%) and providers’ attitudes regarding
ketamine (32.5%). Patients cited trust in providers and potential health benefits as key facilitators but also expressed concerns about
safety, confidentiality, and time commitment of trial participation.

Conclusion: Successful implementation of inpatient trials of pain interventions, such as ketamine infusions, requires
a multidisciplinary approach, transparent communication about risks, strong clinical frameworks, and patient-centered trial designs.
While study limitations, such as potential selection bias and low survey response rate, should be considered, these findings provide
actionable insights to guide the design of future clinical trials and improve non-opioid pain management for SCD.
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Introduction

Sickle cell disease (SCD) is the most common inherited red blood cell disorder worldwide, affecting more than 7.7 million
people.' Severe, episodic acute pain from vaso-occlusive events (VOESs) is the hallmark of the disease. High dose opioids remain
the standard treatment for acute SCD pain.”* However, inpatient management of pain remains ineffective and unsatisfactory for
individuals living with SCD.” The presence of chronic/persistent pain in 50-60% of adults living with SCD makes attaining
effective pain management for acute SCD pain even more challenging.®” Chronic SCD pain is poorly understood and often
challenging to distinguish from acute pain for both providers and patients. Consequently, it is often treated similarly to acute SCD
pain, with high-dose opioids, which is not only ineffective but potentially harmful due to opioid induced hyperalgesia.®
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Despite major gaps in pain management, most research and trials in SCD have focused on disease-modifying
therapies for VOE prevention, with limited attention given to symptomatic pain management.”'* There is an urgent
need for effective non-opioid pain therapies in SCD. Recently, low-dose ketamine infusion has gained attention as
a potential opioid-sparing adjunct for acute SCD pain,'” showing promise for reducing opioid-induced hyperalgesia and
helping those with underlying chronic pain.'®'” However, ketamine use carries risks, including dizziness, nausea,
hallucinations, dissociation and transient increase in blood pressure. Repeated ketamine administration in patients with
frequent admissions may pose additional risks, including potential cognitive effects and tachyphylaxis, which should be
considered when designing clinical trials and treatment protocols.'®

Research on ketamine infusions for SCD pain remains limited, partly due to the complexity of conducting large,
multicenter inpatient pain clinical trials in SCD.'®'” The IMPROVE study highlighted numerous challenges, such as
recruitment issues, enrollment difficulties, and variability in SCD pain management, leading to early trial termination.'®
Understanding the perspectives of key stakeholders, including individuals living with SCD and clinicians, is crucial for
addressing these challenges. This study used clinician surveys and patient focus groups to explore perceptions regarding
ketamine and barriers and facilitators to potential clinical trials for acute SCD pain, offering insights for future trial designs.

Methods

Study Design

The study used a mixed-method design, combining quantitative surveys administered to clinicians to assess their perspectives
on ketamine infusion use in SCD, alongside focus groups conducted with adults living with SCD to explore their perspectives.

Ethics

This study protocol was reviewed by the Duke University Institutional Review Board (IRB) and determined to meet the criteria
for exemption under Category 2 research, in accordance with United States federal regulations from the Office of Human
Research Protections (OHRP). Category 2 research involves collecting data through surveys, interviews, or focus groups where
participants remain anonymous, and the information gathered poses minimal risk if disclosed publicly. Based on these federal
guidelines, the study was exempt from further IRB review. The IRB also approved a waiver of signed consent documentation for
all components of the study, including both the surveys and focus groups. Verbal consent was obtained in lieu of written consent,
consistent with the standards outlined in the National Institutes of Health (NIH) and Health Insurance Portability and
Accountability Act (HIPAA) Privacy Rule guidelines for exempt Category 2 research. As part of the verbal informed consent
process, participants were informed that anonymized responses and direct quotes could be included in publications, and this was
witnessed and documented by the study team. This approach is standard practice across institutions in the United States for
studies involving surveys and focus groups and complies with HIPAA and the guidelines outlined in the Declaration of Helsinki.

Focus Groups

Sample and Recruitment

The study aimed to recruit 12—15 participants across two focus groups, with 4-6 participants each, a number considered
sufficient for thematic saturation.”® Eligible participants were US-based adults with an SCD diagnosis, excluding non-
English speakers. Recruitment ads were placed on social media platforms (Facebook and Reddit) for seven days in
January 2023, yielding 95 responses. From these, 25 individuals were randomly selected for screening calls to confirm
eligibility (ie sociodemographics and SCD diagnosis) and availability. Verbal consent was obtained during the calls.
Twelve participants agreed to participate, with 10 attending the focus groups (5 per group).

Procedures

The focus group guide, which was based on the Consolidated Framework for Implementation Research (CFIR), targeted
CFIR constructs most relevant to trial implementation (intervention characteristics, inner setting, and outer setting).”'
The guide was reviewed by a consultant from the Qualitative Research Service Team at the North Carolina Translational
and Clinical Sciences Institute (NC TraCS) and a patient advisor with lived experience of SCD. Questions covered
participants’ experiences or knowledge about ketamine and presented a hypothetical clinical trial of ketamine infusion for
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treatment of acute SCD pain. Participants were provided background information about ketamine and then asked about
factors influencing their likelihood of participating in such a trial.

The focus groups were conducted remotely using an institutional Zoom account in March 2023. Participants were
asked to join from an isolated and quiet location. A patient advisor with lived experience with SCD was trained by
a qualitative research consultant from NC TraCS to facilitate the focus groups. This training included participation in two
mock focus groups: one with the lead investigator and members of the NC TraCS team, and a second with the research
team. The sessions were recorded and securely stored. The lead investigator, MK, was present during both focus groups
to provide support as needed, including providing a background on ketamine to ensure all participants had basic
knowledge about ketamine prior to answering questions about clinical trial participation. Participants received compen-
sation for their involvement, and each focus group session lasted approximately 90 minutes.

Analysis

Audio recordings were transcribed verbatim by an IRB approved vendor. Transcripts were verified by two members of
the study team (TO and MK). Data were coded using a rapid coding process, with codes derived from selected CFIR
themes. Initially, TO and MK independently applied codes using deductive approaches, later cross-referencing their work
for thematic consistency and to explore interrelationships between codes. Coding was performed manually using
Microsoft Excel. The coders held iterative discussions based on structured reconciliation framework, maintaining an
audit trail to ensure transparency in decision-making. Consensus was reached through mutual agreement. After coding
was completed, the final themes were reviewed by the lead investigator, MK, to ensure alignment with the study’s
research objectives. Due to logistical constraints, member checking was not conducted. Peer debriefing and a consensus-
based reconciliation framework, as detailed previously, were used to enhance reliability.

Survey

Sample and Recruitment

Clinicians specializing in SCD care were recruited via a purposive sampling approach. Survey invitations were sent
through specialty-specific listservs. The SCD listserv included 130 clinicians, as previously published.** Two academic
emergency medicine listservs, covering around 100 members, were also used. Seventy-seven individuals, among whom
70 were clinicians (62 physicians and 8 advanced practice providers) and 7 were registered nurses, responded to the
survey. Among the clinicians, 34 were from emergency medicine and 29 were SCD providers.

Procedures

The survey was developed using CFIR to guide question formulation and was reviewed for face validity by an external
team, including an SCD researcher with qualitative expertise and two additional SCD clinicians/researchers. Participants
received three Email invitations between June 19 and September 12, 2023. Built in REDCap, the survey questions
assessed clinicians’ ketamine use experience, barriers to ketamine administration for acute SCD pain and timing
considerations for ketamine initiation. Demographic data were also collected.

Analysis

Survey data were analyzed using R version 4.4.0. Data cleaning involved collapsing and identifying key respondent groups.
Surveys were considered complete if respondents indicated their profession. Agree/disagree variables were coded as factor
variables, and checklist questions (eg, barriers) were transformed into single variables for simplified analysis. Response options
with no entries were recorded as 0 rather than being excluded. Missing responses to ketamine perception and barriers questions
ranged 8-10% with no significant differences between emergency medicine and sickle cell clinicians. Descriptive statistics
summarized survey questions, with categorical responses as frequencies and percentages, and continuous variables as mean (SD)
or median [IQR]. Fisher’s exact tests were used for categorical data, and Mann—Whitney U-tests for non-parametric continuous
data. No multiple comparison adjustments were made, except where Bonferroni correction was applied to checklist questions
(eg, barriers). For example, with 17 possible barriers, an adjusted alpha threshold of 0.003 (0.05/17) was calculated to determine
significance. Visualizations of survey responses were created using R packages, including ggplot2 and ggpubr.
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Results

Focus Groups

The study included 10 African American adults with SCD, ages 19 to 32 years old, evenly split by gender. Two

participants received care at comprehensive academic sickle cell center, while eight were seen in community-based

hospitals. Three had received ketamine infusions for acute SCD pain in the past. Discussions were organized into three

main areas: perceptions of ketamine, facilitators to trial participation, and barriers to trial participation, guided by CFIR

constructs. Table 1 details the identified themes and subthemes.

Table | Description of Emerging Themes from Focus Group Interviews

Themes

Sub-themes

Examples

Perceptions about

ketamine

Concerns about side effects and
safety

“l do feel dizzy and... | have to engage in activities to stay active so | don’t doze off”.

Skepticism regarding new
treatments

“I would like to get reviews from people who have used the drugs to know exactly
[how] it works”.

“I'm very skeptical about taking new medications or treatment because I'm really scared
how it might turn out in case it doesn’t work with my system positively”.

Transparency about side effects
and safety

“I want to know more about the drug since | haven’t used it before”.

“I would want to know how effective it’s going to be and if taken if there’s going to be
some kind of side effects after; after taking it?”

“... Some side effects ... might make someone maybe feel like | shouldn’t use it and at

the same time you love to use it because it reduces that pain”.

Facilitators of trial

participation

Trust between patients and

their healthcare providers

“| also feel like my doctor would be in the best position to tell me about it because | am
going to feel safe with him...there’s this level of trust”.

“My doctor could actually reach out to me anytime because to me, it only shows how
much he actually cares...So, anytime would be fine. It does not necessarily have to be
when we have an appointment or when | have a crisis or an emergency”.

“| can say it’s all about the provider, like how friendly he is and how friendly he works
with the patients”.

Potential health benefits

“If it actually can make me feel better, then yes, I'd be interested”.

“I think that would be the most captivating part, you know, telling people that, hey, do
you want to participate in a clinical trial to help test a drug that could help your sickle
cell with more pain relief or help you feel better?”

“I haven’t been in a clinical trial before and explaining this opportunity, a free opportunity
for me to learn more about my health is a favor to me so | have to grab it”.

*“...Most importantly, my health comes first so | would really appreciate the health
benefits”.

Transparency and flexibility in
study logistics

“I will say an informed consent procedure and an exact period of time that it is going to
actually take out of me so | could know exactly how to reschedule any other
appointments | might have”.

“l would participate if only | have explanation or have something that I'm going to
consent to and | can’t, | can’t just participate without knowing what exactly you're doing
and if you explain to me what you're doing, yes, | will participate”.

“Like if patients might be given a placebo instead of the, the new drug being administered
so that might actually be my fear”.

“I know it’s my right to ask more about [the study]. So, like it would make me, it will

motivate me to participate because...I'm going to ask more”.

(Continued)
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Table | (Continued).

Themes Sub-themes Examples
Barriers to trial Concerns about safety and risks | “So, to be on the safe side, | would also want to know all the precautions what are the
participation expected side effects that taking part in a clinical trial might bring”.

“If the safety measures are good enough and there’s this kind of assurance that side
effects from the clinical trial are less or not going to be life-threatening, then | will give it

ago”.

Study logistical challenges “..., it may be costly, it may be cost effective. Just the fact that | don’t know how much it
might cost”.

“Okay, so, if you correct me, when you were introducing us to the clinical trial you said
we were going to be in the hospital for the period that the trial is going to last, so | feel
like it’s going to be a little bit discouraging having to be in the hospital for that period of
time. It might get lonely and it might get really tiring, so | feel like that is a factor that
might actually want to kind of discourage me a little bit”.

Privacy and confidentiality “...I would want to know how my information, all my data, would be used”.

concerns “...What kind of privacy terms and what are the assurances of my information ... is
safe”.
“For me, confidentiality is a big issue... | wouldn’t want people knowing that I'm actually

participating in a clinical trial”.

Perceptions About the Intervention (Ketamine)
Participants expressed varied views on ketamine as a treatment for acute SCD pain. While some had prior experience
with ketamine, most were unfamiliar and wanted more information. A recurring theme was concern about side effects

and safety. The three participants with previous ketamine experience described significant side effects, with one sharing,

Sometimes you feel like you’re disconnected from the world and... you are having some dreams, like feelings out of your body
experiences.

For participants without ketamine experience, skepticism regarding new treatments and a desire for transparency
about side effects and safety emerged as recurrent subthemes. One participant expressed,

I’'m very skeptical about taking new medications or treatment because I’m really scared how it might turn out in case it doesn’t
work with my system positively.

Participants expressed a desire to understand the full range of side effects and their duration. One participant remarked,

I think I would love to know the various side effects and how long does it take for the side effects to manifest...

Facilitators to Trial Participation

Several factors were identified that could encourage trial participation among participants. Trust between patients and
their healthcare providers emerged as a key facilitator. Participants consistently emphasized that they would be more
likely to participate if their primary sickle cell provider recommended the trial. One participant shared,

I feel like my doctor would be in the best position to tell me about it because I am going to feel safe with him... there’s this
level of trust.

Additionally, participants preferred to discuss trial participation when they were not experiencing a pain crisis. As one
participant shared

I can say that I think it’s at that time that we have an appointment because you know, at that time I have already made my time

available. ..
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Participants were also motivated by potential health benefits. As one participant noted,
If it benefits me health wise, I would love to participate.

This prospect of learning more about their health and gaining access to potentially beneficial treatments was an
important motivator.

Transparency and flexibility in study logistics were other important facilitators. Participants also emphasized the
importance of flexible scheduling, with some suggesting that home-based participation could make trials more accessible.

Maybe a doctor could go to the residence of that person if they can’t make it to the hospital.
One participant suggested. Another added,
If they had transportation for people who couldn’t get to the study site, it would make it easier.

These statements were made despite the facilitator explaining that the trial would take place in the hospital, with potential
outpatient follow-up. Participants also desired to know the details of the study procedures. One participant stated,

I can’t just participate without knowing what exactly you’re doing and if you explain to me what you’re doing, yes, I will participate.

Barriers to Trial Participation
Participants also highlighted several potential barriers that might prevent them from participating in this hypothetical
inpatient clinical trial. Concerns about safety and risks were frequently mentioned. One participant stated

I would also want to know if there would be any risk. No matter how little they may be, I would like to be informed so I would
know what I’m actually getting myself into.

Another participant raised questions about ketamine’s approval status:

For the ketamine clinical trial, I would like to know is ketamine already a drug that has been approved... or are people
participating in the clinical trial the first ones to use the drug?

Study logistical challenges were another concern, particularly the time commitment and whether participation in
a trial would extend their inpatient stay. One participant said,

It’s going to be a little bit discouraging having to be in the hospital for that period of time. It might get lonely and it might get
really tiring.

Additionally, participants considered the length of the trial important when the possibility of outpatient longitudinal
follow-up was introduced into the trial scenario. A shorter study appeared appealing, with one participant stating,

I really don’t want to participate in a study for close to two months. It might get tiring and draining at the end, so something like
two weeks to a month would be great.

Privacy and confidentiality concerns were raised by several participants with them wanting assurance on data
handling, as a participant noted,

I would want to know how my information, all my data, would be used... if they are going to go publicly, like as in publishing
publicly, or if they are going to keep it [confidential].

Provider Survey

Among the 70 clinicians who completed the survey, 29 were sickle cell clinicians (13 adult hematologists, 13 pediatric
hematologists, 2 internal medicine clinicians, and 1 APP), and 34 were emergency medicine physicians. Most (N = 57,
98.3%) practiced at academic hospitals, predominantly in urban settings (N = 41, 71.9%). Additional demographics and
practice experience are outlined in Table 2.
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Table 2 Demographic and Practice Characteristics of Survey Respondents, (N, %) or Median (IQR)

Characteristic Overall Emergency Medicine | Sickle Cell Clinicians | P-value
N=77 N =34 N =129
Age 0.140
30 to 39 years 13 (22.4) 9 (29.0) 4 (14.8)
40 to 49 years 24 (41.4) 15 (48.4) 9 (33.3)
50 to 59 years 16 (27.6) 5 (le.l) Il (40.7)
60 years or above 5 (8.6) 2 (6.5) 3 (1.1
Sex 0.035
Female 27 (47.4) 10 (33.3) 17 (63.0)
Male 30 (52.6) 20 (66.7) 10 (37.0)
Ethnicity >0.999
Hispanic or Latino 4 (6.9) 2 (6.5) 2(74)
Non-Hispanic or Latino 50 (86.2) 27 (87.1) 23 (85.2)
Prefer not to provide 4 (6.9) 2 (6.5) 2 (74)
Race 0.172
Asian 9 (15.8) 4 (13.3) 5(18.5)
Black or African American 3(5.3) 0 (0.0) 3(11.1)
Prefer not to provide 3(5.3) I 3.3) 2 (74)
White 42 (73.7) 25 (83.3) 17 (63.0)
Profession
Advanced practice provider 8 (10.4) 2 (5.9) 6 (20.7) 0.129
Physician 62 (80.5) 32 (94.1) 23 (79.3)
Registered nurse 709.1)
Years in clinical practice
Less than 5 years 7 (12.3) 5(16.7) 2 (74) 0.086
6 to 10 years 5(8.8) I (3.3) 4 (14.8)
11-15 years 16 (28.1) Il (36.7) 5(18.5)
16-20 years 13 (22.8) 8 (26.7) 5(18.5)
Greater than 20 years 16 (28.1) 5(l6.7) 11 (40.7)
Median (IQR) 16.00 [13.00, 20.50] 14.00 [12.00, 19.50] 19.50 [13.00, 22.50]
Practice Setting
Rural 2 (3.5) 2 (6.5) 0 (0.0 0.369
Suburban 14 (24.6) 9 (29.0) 5(19.2)
Urban 41 (71.9) 20 (64.5) 21 (80.8)

Perceptions/Comfort with Ketamine

Most clinicians were comfortable managing acute SCD pain (Table 3). However, SCD clinicians were more comfortable
managing chronic SCD pain compared to emergency clinicians (p = 0.008), but less comfortable with ketamine infusions
(p =0.002). There were no significant differences in attitudes toward the use of ketamine for acute SCD pain management.
Most agreed that ketamine is appropriate for acute SCD pain management (N = 15 [24.6%] strongly agreed; N =34 [55.7%]

Table 3 Assessment of Clinician’s Comfort and Experience with Ketamine Infusions for Acute Sickle Cell Pain

Overall Emergency Medicine Sickle Cell Clinicians P-value
Survey Responses N (%) 77 34 29
I am comfortable managing acute pain in individuals with sickle cell disease. >0.999
Strongly Agree 43 (69.4) 22 (71.0) 19 (70.4)
Agree 19 (30.6) 9 (29.0) 8 (29.6)
(Continued)
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Table 3 (Continued).

Overall Emergency Medicine Sickle Cell Clinicians P-value

| am comfortable managing chronic pain in individuals with sickle cell disease. 0.008

Strongly Agree 19 (29.7) 9 (29.0) 8 (29.6)

Agree 27 (42.2) 7 (22.6) 16 (59.3)

Neutral 10 (15.6) 9 (29.0) 1 3.7)

Disagree 8 (12.5) 6 (19.4) 2(74)
| feel ketamine is an appropriate intervention for a sickle cell patient admitted for a vaso- 0.894
occlusive crisis.

Strongly Agree 15 (24.6) 8 (25.8) 7 (26.9)

Agree 34 (55.7) 16 (51.6) 14 (53.8)

Neutral 7 (11.5) 3(9.7) 4 (15.4)

Disagree I (1.6) 1 3.2) 0 (0.0)

Not sure 4 (6.6) 3(9.7) 1 (3.8)
I feel that ketamine should be one of the first interventions for management of VOC pain. 0.761

Strongly Agree 5(7.8) 2 (6.5) 2(74)

Agree 13 (20.3) 7 (22.6) 2(74)

Neutral 26 (40.6) 13 (41.9) 13 (48.1)

Disagree I (17.2) 5(l6.1) 6 (22.2)

Strongly disagree 3 (4.7) 1 (3.2) 1 (3.7)

Not sure 6 (94) 3(9.7) 311D
I feel that ketamine should be considered as a last resort for management of VOC pain. 0.102

Strongly Agree 5(8.1) 1 (3.2) 2(7.7)

Agree 7(11.3) 0 (0.0 5(19.2)

Neutral 16 (25.8) 9 (29.0) 6 (23.1)

Disagree 22 (35.5) 13 (41.9) 9 (34.6)

Strongly disagree 6 (9.7) 5(l6.1) I (3.8)

Not sure 6 (9.7) 3(9.7) 3(11.5)
The quality of evidence for using ketamine for VOC pain is poor. 0.987

Strongly Agree 5(8.2) 2 (6.5) 2(7.7)

Agree 17 (27.9) 7 (22.6) 8 (30.8)

Neutral 19 3L.1) 10 (32.3) 8 (30.8)

Disagree 12 (19.7) 7 (22.6) 5(19.2)

Strongly disagree 1 (1.6) 1 3.2) 0 (0.0)

Not sure 7 (11.5) 4 (12.9) 3(11.5)
I feel that there needs to be a randomized control trial demonstrating the effectiveness of 0.297
ketamine infusions before | would consider it for a patient with sickle cell disease.

Strongly Agree 13 (21.0) 4 (12.9) 9 (33.3)

Agree 13 (21.0) 6 (19.4) 5 (18.5)

Neutral 14 (22.6) 9 (29.0) 3(11.1)

Disagree 15 (24.2) 7 (22.6) 8 (29.6)

Strongly disagree 3 (4.8) 2 (6.5) 1 (3.7)

Not sure 4 (6.5) 3(9.7) 1 (3.7)

(Continued)
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Table 3 (Continued).

Overall Emergency Medicine Sickle Cell Clinicians P-value

I am comfortable managing a sickle cell patient who is on a ketamine infusion. 0.002

Strongly Agree 12 (19.7) Il (35.5) 1 (3.8)

Agree 19 3L.1) 9 (29.0) 7 (26.9)

Neutral 8 (13.1) 3(9.7) 4 (15.4)

Disagree 15 (24.6) 5 (le.l) 10 (38.5)

Strongly disagree 4 (6.6) 0 (0.0) 4 (15.4)

Not sure 3 (49 3(9.7) 0 (0.0)
| would worry about the potential for abuse if | routinely administered ketamine for pain 0.369
management in patients with sickle cell disease.

Strongly Agree 1 (1.7) 0 (0.0) 1 3.7)

Agree I (18.3) 6 (20.0) 2(74)

Neutral 8 (13.3) 6 (20.0) 2(74)

Disagree 25 (41.7) Il (36.7) 14 (51.9)

Strongly disagree 13 (21.7) 6 (20.0) 7 (25.9)

Not sure 2 (3.3) 1 (3.3) 1 3.7)
I have the resources at my institution that | need to administer a ketamine infusion to a patient 0.086
presenting with a vaso-occlusive crisis.

Strongly Agree 16 (26.2) Il (35.5) 5(18.5)

Agree 22 (36.1) 10 (32.3) 10 (37.0)

Neutral 4 (6.6) 1 3.2) 3(11D)

Disagree 9 (14.8) 4 (12.9) 4 (14.8)

Strongly disagree 6 (9.8) 1 3.2) 5(18.5)

Not sure 4 (6.6) 4 (12.9) 0 (0.0)

Abbreviations: VOC, vaso-occlusive crisis, equivalent terminology to vaso-occlusive event.

agreed), but many were neutral or disagreed that it should be first line (N = 16 [25.8%] neutral; N = 28 [45.2%] disagree or
strongly disagree). Many felt the quality of evidence for ketamine acute SCD pain was poor, with over 40% indicating

a need for an RCT confirming efficacy before considering its use. Table 3 further details perceptions regarding ketamine.

Barriers and Facilitators for Ketamine Use

Several barriers to ketamine infusion use for acute SCD pain secondary to a VOE were reported (Figure 1). The most
common was the lack of standardized protocols (N = 39, 50.6%), followed by provider attitudes (N = 25, 32.5%). Forty-
six percent of SCD clinicians stated that their institution lacked a standard protocol. Concerns about nursing staff
shortage (N = 20, 26%) and nurse-to-patient ratios (N = 22, 28.6%) were also cited. SCD clinicians specifically noted
pain medicine consultation as a barrier (N = 14, 48.3%, p < 0.001), and 37% disagreed that pain specialists are readily
available for consultation on patients admitted with refractory acute SCD pain. Around 36% felt SCD patients were
reluctant to use ketamine for their pain.

In a hypothetical scenario where an RCT demonstrated ketamine infusions’ efficacy, differences emerged between
specialties. Forty percent of SCD clinicians said they would be unable to start ketamine due to institutional policies,
compared only 13% of emergency medicine clinicians (p = 0.0027). Regarding timing, 23% of SCD clinicians reported
they would start ketamine in the ED, while 34.6% would start on admission day one. Most emergency clinicians would
start ketamine in the ED immediately upon rooming, rather than waiting for admission.
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Concern about side effects |
Lack of medical equipment (i.e. monitors, PCA pumps)
Comfort with level of doses ordered 1

Opioid epidemic

Lack of care pathway/protocol

Administrative support

Pharmacy support
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Concern about addiction or abuse 1
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Figure | Reported barriers to ketamine infusion use for management of acute pain secondary to vaso-occlusive episodes by clinician specialty. The figure shows the
percentage of all respondents, emergency medicine, and hematology/internal medicine (ie, sickle cell) clinicians identifying key barriers to ketamine use. Significant differences
between specialties are noted with an asterisk (*).

Discussion

Despite growing interest in ketamine as an adjunctive therapy for acute SCD pain, evidence remains limited regarding its
efficacy and safety for managing acute pain during VOEs.">'® The American Society of Hematology’s guidelines for
acute and chronic SCD pain management recommend ketamine infusions as an option for pain refractory to opioids,"”

81617 and two RCTs in emergency care settings, which tested single

but support primarily stems from case reports
ketamine boluses against morphine.”'® These studies provided limited insights into broader ketamine use for acute SCD
pain. This study addresses a critical gap exploring barriers and facilitators to trial participation and ketamine implementa-
tion for acute SCD pain. Our findings emphasize the importance of a multidisciplinary approach, highlighting patient
trust, transparent communication and institutional preparedness as key factors for implementing clinical trials in SCD
pain management.'®?* This study is significant, as it highlights the complexities and coordination required for effective
acute pain management in SCD — an ongoing challenge despite advancements in other therapeutic areas — while offering

practical insights into how inpatient clinical trials can be better designed to engage both clinicians and patients.

Perceptions and Comfort with Ketamine

Clinicians and patients expressed varying levels of comfort with ketamine. A key finding was that sickle cell clinicians were less
comfortable with ketamine infusions compared to emergency medicine clinicians, despite experiences managing SCD pain. This
likely reflects differences in standard practices and familiarity with ketamine. Emergency medicine clinicians routinely use
ketamine and are more comfortable with it for pain relief in SCD.** In inpatient settings, pain medicine consultations are often
required to initiate ketamine, so sickle cell providers are not directly administering or managing infusions.'> However, strong

1819 and sickle cell providers play a critical

clinical frameworks and communication are essential for the success of inpatient trials,
role in educating potential research participants to optimize recruitment efforts.”> Addressing this gap in knowledge among SCD
providers is crucial for securing buy-in for large multicenter trials involving ketamine or other novel pain interventions in SCD.

Focus group participants emphasized the need for transparency about ketamine’s side effects and safety. Those previously treated
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with ketamine described symptoms such as dizziness, disorientation, and hallucinations, which contributed to skepticism among
participants unfamiliar with the drug.

These findings indicate a shared perception among both clinicians and patients regarding the need for a deeper
understanding of ketamine’s complexity and associated risks. Administered intravenously, ketamine requires careful
dosing and monitoring, making it more complex compared to standard oral medications.'® Insights from this study and
others suggest that the CFIR domain of intervention characteristics —particularly its complexity— plays an important role
in stakeholder buy-in for clinical trials. For example, a trial involving a single oral dose of gabapentin for pain during
a VOE saw rapid initial enrollment due to its simple study design.'® This does not mean that complex interventions like
ketamine are unfeasible, but they require a robust clinical framework to address the added complexity.'®?® To address
patient concerns about risks and clinician apprehension regarding dosing, successful trial implementation requires clear
communication between experts (eg, pain medicine specialists) and the primary clinical teams. This includes educating
all stakeholders on the drug’s properties and monitoring requirements. For patients, educational initiatives should provide
jargon-free explanation on intervention benefits and how risks are managed in the hospital setting.

Studies on research engagement among minoritized communities highlight transparency as crucial to building trust and
increasing willingness for trial participation.”®>® This is especially true in SCD, where historical research misconduct and
systemic and interpersonal racism contribute to distrust in healthcare and research.?’ Transparency around interventions
with limited data, such as ketamine for acute SCD pain, is critical for fostering trust and encouraging participation.

Facilitators to Trial Participation

In this study, trust between patients and their healthcare providers emerged as a major facilitator of trial participation. Focus
group participants consistently stated that they would be more inclined to participate if their SCD provider recommended
the trial. These findings align with prior research and suggest that trust between patients and providers plays a key role in
both initial trial participation and sustained engagement.'®?°-*%2® Trust, in this context, is multifaceted — participants valued
both transparency about the trial’s details and the long-standing relationships they had with their SCD providers. Familiarity
and history with their regular care teams strengthened participants’ comfort with trial participation.

Participants preferred discussing trials during non-crisis times, such as routine clinical visits, to avoid stress during
pain crises. Research supports this, showing that the timing of trial presentations can impact participation.’**° This aligns
with the CFIR domain of “inner setting”, particularly the construct of “networks and communication”, where strong
relationships and open dialogue between patients and providers foster research engagement. Inpatient trials face
challenges due to time-sensitive enrollment and limited hospital stays. VOEs are episodic and unpredictable, so
leveraging established relationships with regular providers can facilitate enrollment, even in inpatient settings. This
approach mirrors other high-risk conditions, such as in seizure conditions, where elements of informed consent are often
discussed prior to the acute event, streamlining enrollment during emergencies.’'*

Focus group participants were also motivated by the potential health benefits of ketamine, expressing interest in
participating if the intervention could meaningfully improve their pain and quality of life. Clinicians in emergency medicine
and SCD were willing to initiate ketamine infusions early during treatment for a VOE if presented with RCT evidence of its
efficacy. Within the CFIR framework, the construct of “evidence strength and quality” —stakeholders’ perceptions of
evidence supporting the intervention’s outcomes— could be a strong facilitator for trial implementation. Educating
stakeholders about ketamine’s potential benefits in acute SCD pain management is crucial for trial participation.

Barriers to Trial Participation

Relatively few symptomatic pain intervention trials for acute SCD pain have been conducted. Most have been
characterized by poor enrollment and retention and barriers like care coordination with emergency and inpatient teams
and protocol standardization.'>'®'*?® In this study, key barriers included safety concerns, logistical challenges and time
commitments, particularly if trials extended hospital stays. Isolation and fatigue during trials were frequent concerns
among patients. To address this, trial designs should emphasize that (1) participation will not unnecessarily prolong the
duration of hospital stay, (2) offer outpatient follow-up options, and (3) reduce isolation to improve engagement. If
ketamine proves effective, it could potentially shorten the length of hospital stays by more rapidly controlling pain.
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Privacy and confidentiality concerns were also significant, with participants seeking reassurance that their personal data
would remain confidential. Clear communication about data protection and confidentiality can help alleviate these
concerns and foster trust. Among clinicians, logistical challenges in the inpatient setting, such as a lack of established
protocols and variability in comfort with ketamine, were common barriers. For instance, 46% of sickle cell clinicians
reported that their institution lacked standard guidelines for administering ketamine for acute SCD pain, suggesting
a critical need for standardized protocols and education.

These findings once again underscore CFIR construct of “networks and communication”, emphasizing how effective
clinician-patient communication is crucial for overcoming barriers in clinical trial implementation. Strong organizational
communication networks also ensure that all stakeholders are informed and aligned, especially with complex interven-
tions like ketamine infusions. Additionally, the “inner setting” CFIR construct highlights that organizational readiness —
established protocols, adequate resources, and clear communication pathways across specialties— is essential for

successful trial implementation in complex settings like inpatient SCD care.

Strengths and Limitations
This study has notable strengths, including its mixed-methods design and diverse stakeholder inclusion — healthcare
professionals specializing in SCD and individuals living with SCD — which allowed for a detailed exploration of barriers,
facilitators, and knowledge gaps in acute SCD pain trials. The use of CFIR provided a strong theoretical basis for data
collection and analysis. However, limitations include the possibility of selection bias, as focus group participants were
recruited via social media platforms, potentially affecting broader representativeness. Additionally, the clinician survey was
limited to those responding via professional listservs and had a low response rate, which may also introduce selection bias.
We were unable to perform subgroup analyses comparing pediatric and adult providers or differences between suburban
and academic settings due to the survey sample size, though these perspectives would provide valuable insights into
variations in pain management approaches. Additionally, while nurses are essential in executing inpatient pain protocols,
our small sample of nurse respondents did not allow for a comprehensive assessment of their perspectives on ketamine use.
Future studies should aim to capture these viewpoints to further refine strategies for trial design and implementation.
Member checking was not performed for the focus groups, which could limit the credibility of the qualitative
findings, although peer debriefing and a reconciliation framework were used to enhance data reliability. Importantly, the
study did not aim to gather SCD patients’ ketamine treatment experiences but rather explored reactions to ketamine as an
analgesic and perspectives regarding participation in potential inpatient ketamine clinical trial. While ketamine use is
increasing in SCD care, it remains relatively uncommon and is often reserved for refractory cases, particularly in non-
academic hospital settings.'® Including participants from community settings, who are often underrepresented in SCD
research, is a notable strength of the study. By identifying both barriers and facilitators, this study provides insights for
designing future trials of non-opioid analgesics, such as ketamine infusions, for acute SCD pain management.

Conclusions

This study explored clinician and patient perspectives on barriers and facilitators to conducting an inpatient clinical trial
of ketamine for acute SCD pain, addressing a critical gap in SCD pain management. Findings highlight the need for
multidisciplinary collaboration, strong clinical frameworks, and transparent communication to improve trial feasibility
and participation. Clinician concerns regarding ketamine use, particularly safety and dosing familiarity, underscore the
importance of institutional preparedness, while patients emphasized trust in providers and logistical considerations as key
factors in trial participation. Understanding these perspectives is essential for optimizing trial recruitment and imple-
mentation, especially for complex pain interventions. Future research should build on these findings to refine clinical trial

designs that are both feasible and patient-centered.
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