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Study objective: To evaluate the comparative effectiveness of fentanyl and ketamine via Breath Actuated Nebu-
lizer (BAN) for analgesia in the prehospital setting.

Methods: We conducted a retrospective cross-sectional evaluation of patients receiving fentanyl or ketamine via
BAN for pain management in a large suburban EMS system between 3/1/2022 and 6/1/2023. The primary out-
come was change in first to last pain score. Subgroup analysis was performed on patients with traumatic pain.
We used inverse probability of treatment weighting (IPTW) and propensity score matching (PSM) to estimate

K : . . . . .
Pfé,l‘?;os;diial the treatment effect of fentanyl vs ketamine via BAN among all patients and the subgroup of those with traumatic
Analgesia pain.

Non-opioid Results: Of the total 1480 patients included, 1317 (89.0 %) received fentanyl and 163 (11.0 %) received ketamine
Ketamine via BAN. The unadjusted mean change in pain score was —2.9 (SD 3.0) for fentanyl and —3.5 (SD 3.4) for keta-

Breath-Actuated Nebulizer mine. In the propensity score analyses, there was no statistically significant difference in pain score change for the
fentanyl group versus ketamine among all patients (mean difference, IPTW: -0.45, 95 %CI -1.18, 0.28; PSM: -0.36,
95 %CI-0.93, 0.21). Subgroup analysis of patients treated for traumatic pain showed a significant reduction in
pain for patients treated with ketamine compared to fentanyl, indicating a higher degree of analgesia from keta-
mine for traumatic pain (unadjusted: -1.37, 95 % CI -2.20, —0.54; IPTW: -1.10, 95 % CI -1.96, —0.23; PSM: -0.92,
95 % Cl-1.17, —0.12).
Conclusion: We found no statistically significant difference in the analgesic treatment effect for the overall fenta-
nyl and ketamine groups. Subgroup analysis of patients treated for traumatic pain showed greater analgesia for
ketamine via BAN over fentanyl. Given the ease of administration and lack of need for intravenous access, keta-
mine via BAN is a reasonable and effective choice for prehospital pain management.
© 2024 Elsevier Inc. All rights are reserved, including those for text and data mining, Al training, and similar tech-
nologies.

1. Background

Moderate to severe pain is common in prehospital medicine, and an-
algesia to ease patient suffering is recommended by national organiza-
tions and consensus guidelines [1-3]. Opioids, including morphine and
fentanyl, are currently the most commonly administered analgesics in
pre-hospital medicine [4]. The intravenous (IV) route is traditionally fa-
vored for analgesia due to speed of onset and the ability to provide re-
peat dosing. Yet, establishing IV access is, at best, an extra step prior to
the provision of analgesia. The difficulty of vascular access for some pa-
tients in the prehospital setting highlights the need for alternative
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routes of analgesic administration. Considering efforts to decrease opi-
oid utilization, multiple non-opioid analgesics for prehospital care
have been evaluated in the literature, including non-steroidal anti-
inflammatory drugs (NSAIDs), acetaminophen, and ketamine [2]. Each
analgesic has unique side effects, contraindications, and administration
considerations, making it difficult to define an ideal analgesic for all care
scenarios. Establishing a robust evidence base for various medications is
helpful in determining appropriate treatment options across multiple
scenarios. Low-dose ketamine (LDK) has been described as an analgesic,
and recent work has demonstrated the efficacy and appropriate dosing
of ketamine via the inhalation route for analgesia [5,6].

Ketamine is a noncompetitive N-methyl-p-aspartate/glutamate-
receptor complex antagonist as well as a partial opioid mu-receptor
agonist that leads to both anesthetic and analgesic effects [7,8]. At low
doses, ketamine has been shown to provide analgesia without the
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anesthetic effect of higher doses. Ketamine does not routinely impact
pharyngeal-laryngeal reflexes, does not depress respiratory drive, and
can stimulate cardiovascular activity [8]. Multiple studies have demon-
strated the safety and efficacy of low-dose ketamine (LDK) for analgesia
in prehospital and Emergency Department settings [9-11]. The Breath-
Actuated Nebulizer (BAN) has been previously described for delivery
of bronchodilators [12]. It creates an aerosol only when the patient in-
hales, potentially limiting the delivery of medication into the confined
space of the ambulance, making it an appealing tool for pre-hospital
medicine [13]. A prior case series demonstrated successful use of LDK
via BAN in the pre-hospital setting, but data regarding the comparative
effectiveness of LDK and opioids in the prehospital setting is limited
[14].

As an easily administered, inexpensive, and well-tolerated pain con-
trol option, we sought to evaluate LDK administered by BAN in the pre-
hospital setting. Our objective was to compare the analgesic efficacy of
ketamine administered via BAN vs fentanyl.

2. Methods
2.1. Study design & setting

This was a retrospective cross-sectional evaluation study of patients
receiving fentanyl or nebulized ketamine for analgesia in a large urban
EMS system between 3/1/2022 and 6/1/2023. The system is a
non-fire-based, 9-1-1 system with approximately 65,000 calls for ser-
vice annually in a 177-square-mile service area. The service employs ap-
proximately 200 advanced life support (ALS) paramedics, advanced
emergency medical technicians (A-EMTs), and EMTSs. Local EMS proto-
col allows and encourages the administration of analgesia, including
fentanyl or ketamine, for the management of moderate or severe pain
(defined as a pain score > 4). Medication references with applicable dos-
ing and contraindications are available for each choice of analgesic. Per
local protocol, fentanyl may be administered 1 pg/kg via the IV, 10, IM,
or IN routes and is contraindicated in active labor or known allergy. Ke-
tamine may be administered for analgesia as 1 mg/kg nebulized via BAN
and is contraindicated in patients with known hypersensitivity, preg-
nancy, or inability to utilize the BAN. Medication choice was at the dis-
cretion of the treating paramedic. This study was approved by the
Institutional Review Board (IRB H-51786).

2.2. Selection of participants

The EMS electronic medical record (EMR) was queried for encoun-
ters with the administration of fentanyl or nebulized ketamine. Patients
were included if they received fentanyl via any route or ketamine via
BAN. Some patients were excluded from receiving the study drugs due
to the department protocol above, including known hypersensitivity,
pregnancy, or inability to use the BAN. Patients were excluded from
the study if they received both medications, had an initial pain score re-
corded as 0, or had less than 2 recorded pain scores.

2.3. Measurements

Baseline demographics, vital signs, treatments provided, and indi-
cations for analgesia were obtained directly from the EMR. The pri-
mary outcome measure was a change in pain score from the first to
last documented pain score, with a negative value indicating a de-
crease in pain. The timing of the pain score assessment and choice
of analgesic administration was at the discretion of the treating para-
medic. The treatment effect of ketamine vs. fentanyl was calculated as
the mean change in the pain score of the ketamine group minus the
mean change in the pain score of the fentanyl group. Thus, a negative
value for the treatment effect indicates superior analgesia from keta-
mine, and a positive value for the treatment effect indicates superior
analgesia from fentanyl.
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2.4. Analysis

Patient demographics and incident characteristics were described
using mean and standard deviation (SD) for continuous variables and
frequency and proportion for categorical variables. As appropriate,
t-tests or Chi-square tests were used to compare the characteristics of
the fentanyl cohort and the nebulized ketamine cohort.

There was potential confounding by indication in the treatment as-
signment as the treating EMS clinician made the decision. Therefore,
we used inverse probability of treatment weighting (IPTW) and pro-
pensity score matching (PSM) to balance observed confounders
between groups and estimate the average treatment effect on the
treated. The propensity score was calculated using the “teffects” pack-
age in Stata, with a logistic regression model adjusted for patient age,
sex, race/ethnicity, and initial documented pain score.

For IPTW, we used cluster robust standard errors to account for clus-
tering by EMS clinician. For PSM, patients were matched 1:1 with a cal-
iper width of 0.1. Robust standard errors were also used to account for
clustering. We used standardized mean difference (SMD) to assess the
balance of variables between groups after weighting and matching,
with a SMD < 0.1 indicating adequate balance.

As a sensitivity analysis, we also examined the unadjusted and ad-
justed mean difference using a linear regression model, adjusting for
the same variables are included in the propensity score model and
using cluster robust standard errors. Finally, we performed subgroup
analyses to estimate the treatment effect within more homogenous
groups of patients by repeating the above analysis among those with
an indication of traumatic pain only and an indication of non-
traumatic pain only. All analyses were conducted using Stata version
15.2 (StataCorp LLC, College Station, TX).

3. Results

A total of 1522 patients received fentanyl via any route (n = 1357)
or ketamine via BAN (n = 165); 40 patients who received fentanyl
and 2 patients who received ketamine were excluded from the analysis
due to an initial pain score of 0 or insufficient pain score documentation
(Fig. 1). The mean age of the 1480 patients included in the analysis was
53.9 years (standard deviation [SD] 20.8). 625 (42.6 %) were male, with
660 (44.6 %) non-Hispanic white, 448 (30.3 %) non-Hispanic Black, and
322 (21.8 %) Hispanic patients. There was a predominance of female pa-
tients, which was greater in the ketamine group (n = 111, 68.5 %) than
in the fentanyl group (n = 733, 56.1 %). The groups had no statistically
significant differences in age, race, and ethnicity. Fentanyl was adminis-
tered via IV/IO to 1132 patients (76.5 %), via IM/IN/Other to 182 patients
(13.8 %), and via inhalation to 3 patients (0.2 %). All administrations of
ketamine in the analysis were inhalation by breath-actuated nebulizer.
Use for traumatic pain was similar between groups, with fentanyl

Patients with administration of
fentanyl or ketamine
n=1,522

Excluded (n=42)
Initial pain of 0 (n=16)
Missing initial and final pain scores (n=26)

Y
Included in analysis
n=1,480

l—l_l

Fentanyl Ketamine
n=1,317 n=163

Fig. 1. Study flow chart.
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used for traumatic pain in 604 patients (45.9 %) and ketamine in 83 pa-
tients (50.9 %; Table 1). Patients in the fentanyl group reported lower
Initial pain scores (mean 8.9, SD 1.9) than the ketamine group (mean
9.5,SD 1.2; Table 2).

The unadjusted treatment effect of ketamine compared to fentanyl
was —0.64 (95 % CI -1.38, 0.10). Following adjustment for observed
confounders, the difference in treatment effect between groups by
IPTW was —0.45 (95 % CI -1.18, 0.28) and by PSM was —0.36 (95 % CI
-0.93, 0.21), indicating no statistically significant difference in treat-
ment effect between groups (Table 3, Fig. 2).

Subgroup analysis of patients treated for traumatic pain showed a
significant reduction in pain for patients treated with ketamine com-
pared to fentanyl, with a treatment effect on unadjusted analysis of
—1.37 (95 % CI -2.20, —0.54), by IPTW of —1.10 (95 % CI -1.96,
—0.23), and by PSM of —0.92 (95 % CI -1.17, —0.12) indicating a higher
degree of analgesia from ketamine for traumatic pain. The treatment ef-
fect for patients with non-traumatic pain was similar between groups,
with a treatment effect of —0.09 (95 % CI -1.02, 0.84), by IPTW of 0.07
(95 % C1-0.84, 0.98), and by PSM of 0.19 (95 % CI -0.74, 1.11; Table 3,
Fig. 2).

4. Discussion

Our study compared the analgesic efficacy of ketamine via BAN vs
fentanyl in the pre-hospital setting. We found no statistically significant
difference in the analgesic treatment effect for the overall fentanyl and
ketamine groups. Subgroup analysis of patients treated for traumatic
pain showed greater analgesia for ketamine via BAN over fentanyl.

While opioid use for analgesia is well established, the opioid epi-
demic has shifted the paradigm to searching for alternatives that are
safe and effective. The risk of chemical dependence after treatment
with IV opioids for acute pain is unknown, yet prior work has demon-
strated that even short courses of opioid therapy can contribute to pro-
longed use, and caution is warranted [15]. Beyond concerns regarding
addiction, the characteristics of opioids and their adverse effects limit
their utility in some patient populations. Patients treated with long-

Table 1

Patient demographics, stratified by treatment group.
Overall Fentanyl Ketamine p*
(n = 1480) (n = 1317) (n =163)

Age in years, mean (SD) 53.9(20.8) 53.8(20.9) 54.7 (20.1) 0.61

Age categories, n (%) 0.81
18-44 years 553 (37.4) 493 (374) 60 (36.8)

45-64 years 423 (28.6) 379 (28.8) 44 (27.0)
265 years 504 (34.1) 445 (33.8) 59 (36.2)

Sex, n (%) 0.003
Female 844 (57.5) 733 (56.1) 111 (68.5)

Male 625 (42.6) 574 (43.9) 51 (31.5)
Missing 11 10 1

Race/ethnicity, n (%) 0.11
Non-Hispanic White 660 (44.6) 584 (44.3) 76 (46.6)
Non-Hispanic Black 448 (30.3) 390 (29.6) 58 (35.6)

Hispanic 322(21.8) 298 (22.6) 24 (14.7)
Other 50 (3.4) 45 (3.4) 5(3.1)

Indication for use, n (%) 0.30
Traumatic pain 687 (46.4) 604 (45.9) 83 (50.9)
Non-traumatic pain 674 (45.5) 603 (45.8) 71 (43.6)

Other 119 (8.0) 110 (8.4) 9(5.5)
Route, n (%) <0.001
Iv/I0 1132 (76.5) 1132 (86.0) 0(0)
IM/IN/other 182 (12.3) 182 (13.8) 0(0)
Inhalation 166 (11.2) 3 (0.2) 163 (100)
Dose, mean (SD) - 74.0 (36.6) 67.6 (30.1)
mcg mg
Pain reduction, mean —29(3.0) —29(3.0) —3.5(3.4) 0.01

(SD)
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Table 2
Initial and final vital signs, stratified by treatment group.
Fentanyl Ketamine p*
(n = 1317) (n = 163)
Initial vital sign values, mean (SD)
Pain score 8.9 (1.7) 9.5(1.2) <0.001
Respiratory rate 19.9 (5.5) 19.9 (4.6) 0.93
Systolic blood pressure 1429 (27.9) 141.5 (30.2) 0.56
Diastolic blood pressure 83.1(16.9) 82.5 (16.8) 0.67
Oxygen saturation 97.3 (3.0) 97.8 (2.7) 0.03
Glasgow Coma Scale 14.9 (04) 15.0 (0.2) 0.24
End tidal carbon dioxide 31.1(9.0) 284 (104) 0.002
Final vital sign values, mean (SD)

Pain score 6.0 (3.1) 6.0 (34) 0.82
Respiratory rate 18.3 (5.3) 17.3 (4.6) 0.03
Systolic blood pressure 139.3 (25.8) 139.9 (25.7) 0.77
Diastolic blood pressure 80.0 (14.5) 82.2 (15.5) 0.07
Oxygen saturation 97.0 (4.1) 98.4 (14) <0.001
Glasgow Coma Scale 14.9 (0.5) 14.9 (0.3) 0.84
End tidal carbon dioxide 32.1(8.5) 29.7 (9.6) 0.004

Abbreviations: SD, standard deviation.
* P-values from t-test.

acting opioid agonists or partial agonists for opioid dependence or
chronic pain develop tolerance to opioids and may develop opioid-
induced hyperalgesia, limiting the analgesic effect of opioids for acute
pain management [16-19]. Furthermore, opioids can cause nausea,
vomiting, sedation, and respiratory compromise [20].

Prior studies comparing LDK and opioids have primarily compared
IV LDK and IV morphine. A prior systematic review on the comparative
effectiveness of various analgesics in the prehospital setting and subse-
quent expert panel evidence-based guidelines found inadequate direct
comparisons between opioids and ketamine in the pre-hospital setting
[21,22]. Citing indirect evidence from the ED, the expert panel found
both IV opioids and IV LDK were reasonable for initial management of
moderate to severe pain in the pre-hospital setting [22]. The systematic
review did find a higher total rate of adverse events for LDK, which was
mainly accounted for by a higher rate of dizziness with LDK but a lower
rate of respiratory depression [21]. A systematic review by Balzer et al.
identified 8 randomized trials in the ED and prehospital setting compar-
ing LDK and morphine and demonstrated similar analgesic efficacy [11].
One prehospital retrospective observational trial by Bronsky et al.

Table 3
Mean difference in pain score reduction between patients treated with ketamine versus
fentanyl.

Effect (95 % CI) p

All indications (n = 1465)

Linear regression

Unadjusted —0.64 (—1.38,0.10) 0.09

Adjusted —0.46 (—1.19,0.28) 0.22

Propensity score analysis

Inverse probability weighting —0.45(—1.18,0.28) 0.23

Matching —0.36 (—0.93,0.21) 0.22
Traumatic pain only (n = 682)

Linear regression

Unadjusted —1.37 (—2.20, —0.54) 0.001

Adjusted —1.12 (—2.00, —0.24) 0.01

Propensity score analysis (ATT)

Inverse probability weighting —1.10 (—1.96, —0.23) 0.01

Matching —0.92 (—1.17, —0.12) 0.02
Non-traumatic pain only (n = 665)

Linear regression

Unadjusted —0.09 (—1.02, 0.84) 0.85

Adjusted 0.07 (—0.84, 0.98) 0.88

Propensity score analysis (ATT)

Inverse probability weighting 0.07 (—0.84,0.98) 0.88

Matching 0.19 (—0.74,1.11) 0.70

Abbreviations: IM, intramuscular; IN, intranasal; IO, intraosseous; 1V, intravenous; SD,
standard deviation.
* P-values from t-test or Chi-square test as appropriate.

Abbreviations: ATT, average treatment effect on the treated; Cl, confidence interval.
Note: A negative number means the pain reduction was higher (i.e., more pain reduction)
in that group.
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Unadjusted Overall —
Adjusted by IPTW Overall I —— G
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Unadjusted Non-Traumatic Pain b B
Adjusted by IPTW Non-Traumatic Pain B
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Fig. 2. Mean Treatment Effect and Confidence Interval by Group and Analysis Type. Negative numbers favor ketamine, positive numbers favor fentanyl.

compared IV fentanyl versus IV LDK and found higher analgesic efficacy
for LDK [23].

LDK administered via nebulizer has been studied in healthy volun-
teers, where it was shown to have a bioavailability of 20-40 % [24],
and in the perioperative literature, where it has shown efficacy for man-
aging postoperative sore throat [25-29]. In the Emergency Department
setting, randomized trials have established safe and effective dosing of
0.75-1.5 mg/kg for LDK via BAN, accounting for the decreased bioavail-
ability of ketamine via the inhalation vs IV route, and demonstrated
similar analgesic efficacy for LDK administered via BAN vs IV [5,6].

For patients with challenging vascular access, alternative routes of
analgesic administration warrant attention. The intranasal (IN) route
of administration has been well described in the ED and pre-hospital
for both ketamine and fentanyl [30-35]. Still, discomfort at the time of
IN medication administration is common [34,35]. Administration of
LDK via BAN does not require IV access, is easily titratable, and has
rapid onset. Additionally, we found the administration of ketamine via
BAN to be a favorable option from several logistical considerations.
The BAN was easy to assemble, and administration was maintained by
the patient. For our service, the cost of a BAN at approximately $5 was
lower than that of an atomizer for IN administration. Finally, both fenta-
nyl and ketamine are controlled substances with associated restrictions,
yet fentanyl is currently a schedule Il medication while ketamine is
schedule IIL

LDK has a well-established history as a safe and effective analgesic in
the ED setting and has been endorsed by multiple national guidelines
[36,37]. In the pre-hospital combat setting, LDK was the most adminis-
tered analgesic [38]. Given the favorable properties of LDK, including
maintenance of airway reflexes, minimal cardiovascular effects, rapid
onset, and short duration, it has been proposed as an ideal analgesic
for the pre-hospital setting [39]. Our data demonstrating no difference
in treatment effect between IV fentanyl and LDK administered via BAN
offers further support for the role of LDK and the BAN device in pre-
hospital medicine.

5. Limitations

Limitations of this study include the use of retrospective and non-
randomized data. Decisions regarding the choice of analgesic and timing
of pain assessment were at the discretion of the treating paramedic,
thus subject to bias. While we attempted to account for observed con-
founders through propensity score analysis, additional unmeasured
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confounders may have been present. The use of LDK in our patient pop-
ulation was less common with only 11 % of our study population receiv-
ing ketamine, thus limiting our statistical power to detect potential
differences in analgesia between groups. Caution is warranted with in-
terpretation of our subgroup analysis regarding traumatic pain given
the small sample size. Our patient population was heterogeneous in in-
dication for analgesia, yet we feel this is representative of many popula-
tions in prehospital medicine. The comparison of fentanyl administered
via multiple routes provides a possible confounder, however we feel
prior work demonstrating similar bioavailability of fentanyl via the IV
and IN route supports this grouping [40]. Finally, our data was from a
single suburban EMS agency and may not be generalizable to other
populations.

6. Conclusion

In conclusion, the current study provides support for the role of LDK
administered via BAN in the prehospital setting. LDK is a particularly at-
tractive option in patients who are opioid-tolerant or are on long-term
opioid treatment. The use of the BAN allows the administration of anal-
gesia in an effective manner even when IV is not readily available.
Therefore, we feel ketamine administered via BAN is a reasonable and
effective choice for prehospital pain management. Given the limitations
of the current work, further prospective studies comparing the effec-
tiveness of LDK via BAN vs fentanyl are warranted with attention to ran-
domization of patients and increasing the sample size of patients
treated with LDK via BAN.
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