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BACKGROUND:

METHODS:

RESULTS:

CONCLUSION:

Rib fractures occur in up to 40% of trauma patients and are associated with increased mortality. Opiate-based pain regimens remain
the cornerstone of rib fracture management; however, concerns around opioids have fostered interest in alternative analgesics.
Ketamine is currently being used in lieu of opioids, but little evidence exists supporting its use within the trauma population.
A prospective, randomized, double-blind placebo-controlled trial of adult patients with three or more rib fractures admitted to a
Level I trauma center was conducted. Exclusion criteria included age older than 64 years, Glasgow Coma Scale score less than 13,
and chronic opiate use. The experimental arm received low-dose ketamine (LDK) at 2.5 pg-kg "-min~" while the placebo cohort
received an equivalent rate of 0.9% normal saline. All infusions were continued for 48 hours. The primary outcome was reduction
in numeric pain score (NPS) during the first 24 hours. Secondary outcomes studied included oral morphine equivalent (OME)
utilization, length of stay, epidural rates, pulmonary complications, and adverse events.

Forty-five (49%) of 91 patients were randomized to the experimental arm. Both groups were similar in makeup. Overall, 74.7%
were male, had a median age of 49 years, and an Injury Severity Score (ISS) of 14. Low-dose ketamine was not associated with
a significant reduction in 24-hour NPS or OME totals. Subgroup analysis of 45 severely injured patients (ISS, >15) demonstrated
that LDK was associated with a significant reduction in OME utilization during the first 24 hours (35.7 vs. 68, p =0.03), 24 hours
to 48 hours (64.2 vs. 96, p = 0.03), and overall (152.1 vs. 198, p = 0.048). No difference in other secondary outcomes or adverse
events was noted.

Low-dose ketamine failed to decrease NPS or OME within the overall cohort, but a decrease in OME was observed among patients
with an ISS greater than 15. Confirmatory studies are necessary to determine if LDK is a useful adjunct among severely injured
patients. (J Trauma Acute Care Surg. 2019;86: 181-188. Copyright © 2018 American Association for the Surgery of Trauma.)

LEVEL OF EVIDENCE: Therapeutic study, level II.
KEY WORDS:

Ketamine; trauma; rib fractures; pain management; opioids.

R ib fractures are present in nearly half of patients with multi-
ple injuries and are a major contributor to mortality in this
patient group.'* Management of rib fractures has consistently
focused on aggressive pain treatment, which allows the patient
to perform effective respiratory therapy in an attempt to decrease
the risk of pulmonary complications.'? Decades of research
have gone into determining the optimal treatment for patients
with rib fractures, including a variety of pain medications and
regional anesthetic techniques, such as intercostal blocks and
epidurals.*> Unfortunately, previous meta-analyses demon-
strated that epidurals have no effect on mortality® and that not
every patient is a candidate for epidural placement.®’ Even
with the use of epidurals and multimodal analgesic therapy,
opioids continue to anchor rib fracture pain management
protocols.®*'% The side effects and dependency issues associ-
ated with opioids have created an interest in the use of nonnarcotic
medications, and ketamine is increasingly being used as an alter-
native to opioids.''?

Our institutional rib fracture guideline utilizes regional
anesthesia when scheduled nonopioids and as-needed opioids
fail to provide adequate analgesia. Low-dose ketamine (LDK)
was traditionally reserved for patients who were not candi-
dates for epidural anesthesia or those who had significant
pain despite its use. Anecdotally, we noted that patients
placed on LDK required lower opioid doses to achieve ade-
quate analgesia; however, our institutional data regarding
the efficacy of ketamine infusions was limited and susceptible
to significant selection bias.'® Similarly, most of the recent
publications regarding the role of ketamine in trauma patient
care remain retrospective in nature and subject to those same
limitations.'>'*

Given this lack of prospective data in the use of ketamine
for analgesia in patients with rib fractures, we designed a pro-
spective double-blind randomized, placebo-controlled trial to
examine the efficacy of LDK as a primary mode of analgesia
rather than as salvage therapy.

182

METHODS

Study Design

A prospective, randomized, double-blind, placebo-controlled
trial utilizing LDK as an analgesic adjunct among adult trauma
patients was performed at Froedtert Memorial Lutheran Med-
ical Center, an American College of Surgeons verified Level |
trauma center that serves the urban and suburban popula-
tions of Milwaukee, WI. From August 2015 to December
of 2017, all adult blunt trauma patients with three or more rib
fractures were screened for eligibility in this study. Patients were
excluded from enrollment for any of the following: (1) age,
65 years or older; (2) history of adverse reaction to ketamine
therapy; (3) Glasgow Coma Scale, 13 or less; (4) active acute
coronary syndrome; (5) severe hypertension defined by pro-
longed systolic blood pressure greater than 180 mm Hg or dia-
stolic blood pressure greater than 100 mm Hg; (6) current use
of monoamine oxidase inhibitors; (7) chronic opioid use de-
fined by 30 mg or greater oral morphine equivalents (OME)
per day for 3 weeks or longer; (8) current substance abuse with
opiates (prescription and/or heroin) or ketamine; (9) inability to
communicate with staff; (10) history of psychosis; (11) use of
three or more psychotropic medications; (12) active delirium/
dementia; (13) glaucoma; (14) pregnancy; and (15) prisoners.
The study was conducted under the Department of Surgery, Divi-
sion of Trauma and Critical Care in conjunction with the Depart-
ments of Emergency Medicine and Anesthesia at the Medical
College of Wisconsin. The institutional review board reviewed
and approved the study design. This study was registered with
clinicaltrials.gov (NCT 02432456) and funded through institutional
grant funding (Research Affairs Committee grant 3307034).

Randomization and Study Protocol

Following informed consent and enrollment, patients were
randomized through the Investigational Drug Services to receive
an infusion of either LDK (2.5 ng'kg ''min ") or similar volume of

© 2018 American Association for the Surgery of Trauma.
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placebo (0.9% sodium chloride), the dosing of which was based on
ideal body weight. Infusions were initiated within 12 hours of a
patient's arrival to the institution and were continued for a total
of 48 hours unless safety concerns prompted early cessation or
patients met criteria for discharge. Enrolled subjects were man-
aged using the departmental thoracic trauma pain management
pathway which includes opiate and non—opiate-based medical
treatments. All participants, care providers, and study staff were
blinded from subject assignments unless medical necessity re-
quired subjects to be unblinded. Patients were followed through-
out their admission and for 30 days after discharge.

Measures

The primary outcome was a reduction in numeric pain
scores (NPS) at 24 hours after initiation of the infusion as calcu-
lated using an area under the curve for the pain trajectory during
the 12-hour to 24-hour period. Our institution utilizes a standard-
ized 11-point NPS, which is assessed per unit policy at regular in-
tervals and before/after any pain intervention. Numeric pain score
data collected by the nursing staff and recorded throughout the
patient's hospital stay were used for statistical analysis. The area
under the curve was computed using the trapezoid rule. Linear in-
terpolation was used between the last pain score before the start of

i fusions in
CONSORT 201

the period and the first pain score after the start of the period to
obtain the 12-hour pain score, with a similar calculation for the
24-hour score. This measure can be also interpreted as a time-
weighted average of the pain scores. The use of all pain manage-
ment medications was recorded, and opiate-based medications
were standardized to OME for analysis.

Secondary outcomes for the trial included reduction in
NPS at 48 hours, opioid consumption in OME at 24 hours and
48 hours, total OME, intensive care unit (ICU) and hospital length
of stay, epidural placement rate, pulmonary complications, and
other adverse events. Patients were monitored throughout their
hospitalization for specific complications including nausea,
pruritus, respiratory depression, sedation level, and presence
of disturbing dreams or hallucinations. Those who exhibited
signs of delirium were screened by the clinical nursing staff uti-
lizing the institution's approved Confusion Assessment Method
tool. Demographics, including age, mechanism of injury, sex,
chest Abbreviated Injury Score, Injury Severity Score (ISS),
number of rib fractures, presence of a flail chest or pulmonary
contusion, and tobacco use, were also recorded.

Sample Size Calculation and Interim Blinded Analysis
A clinically significant reduction in NPS was defined as
a two-point reduction on the 11-point scale.'>™!” The original

Assessed for eligibility (n=933)

Excluded - n= 841 (90.1%)
+ Age >65 years < 305 (32.7%)
Unable to Consent = n= 53 (5.7%)

Opiate Use / Abuse 2 n =12 (1.3%)
Declined = n= 409 (43.8%)
Other reasons = n = 39 (4.2%)

+
*
+
*

‘ Randomized - n= 92 (%)

v

Ketamine Intervention Arm = n= 46 (50.0%)

+ Received intervention = n= 45 (97.8%)

+ One patient did not receive allocated
intervention due to decision for withdrawal.

h 4

Duration of Ketamine Infusion
<12 hours & n = 3 (6.7%)
12-24 hours = n = 3 (6.7%)
24-36 hours - n = 2 (4.4%)
>36 hours < n = 37 (82.2%)

l

Analysed - n= 45 (100.0%)
+ No patients were excluded from final analysis.

Figure 1. CONSORT study enrollment overview.

© 2018 American Association for the Surgery of Trauma.

v

Placebo intervention Arm 2 n = 46 (50.0%)
+ Received intervention 2 n=46 (100.0%)

X

Duration of Ketamine Infusion
<12 hours & n =1 (2,2%)
12-24 hours = n = 3 (6.5%)
24-36 hours & n =4 (8.7%)
>36 hours = n = 38 (82.6%)

l

Analysed = n = 46 (100.0%)
+ No patients were excluded from final analysis.
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TABLE 1. Demographics and Injury Characteristics of Subjects

Demographics Total Ketamine Placebo P
Patients, n (%) 91 (100) 45 (49.4) 46 (50.6) 1.00
Sex, n (%) 1.00

Male 68 (74.7) 34 (75.6) 34 (73.9)

Female 23 (25.3) 11 (24.4) 12 (26.1)
Age, median (IQR) 49 (18-65) 46 (18-61) 50 (20-65) 0.10
BMI, median (IQR) 29 (18.3-51.7) 29 (18.3-51.7) 28.5 (18.7-50) 0.83
No. rib fractures mean (SD) 6.4(3.2) 6.43.2) 6.4 (3.3) 0.95
Flail chest, n (%) 26 (28.6) 15 (57.7) 11 (42.3) 0.36
Chest tube, n (%) 32(35.2) 14 (43.8) 18 (56.2) 0.51
ISS, median (IQR) 14 (9,38) 17 (9,34) 13 (9,38) 0.29
ISS >15, n (%) 45 (49.5) 26 (57.8) 19 (42.2) 0.29
AIS 2 2 only, n (%) 24 (26.4) 9 (37.5) 15 (62.5) 0.24
ICU admission, n (%) 46 (50.5) 21 (45.7) 25(54.3) 0.53
Mechanism of injury, n (%) 0.93

MVC 41 (45.1) 21 (46.7) 20 (43.5)

Fall 25(27.5) 11(244) 14 (30.4)

MCC 15 (16.5) 8(17.8) 7(15.2)

Other 9(9.9) 5(11.1) 5(10.9)
Duration of infusion, n (%) 0.72

<12 hours 444 3(6.7) 1(22)

< 24 hours 10 (11) 6 (13.4) 4 (8.7)

> 36 hours 75 (82.4) 37 (82.2) 38 (82.6)

BMI, body mass index; fx, fracture; AIS, Abbreviated Injury Scale; MVC, motor vehicle crash; MCC, motorcycle crash; AUC, area under the curve; SD, standard deviation.

sample size was calculated based on previous institutional
pain data which assumed a between-patient standard devia-
tion of 2.5 points. Using this initial assumption, the sample
size was calculated at 26 patients per group for 80% power
at an alpha of 0.05. Given differences in patient populations,
there was concern that the actual variability would be different,
thus an internal pilot was incorporated into the study.'® When
50% of the patients had been randomized, the primary outcome
was evaluated. A blinded sample size recalculation was per-
formed using the original target effect size of two-point difference
and the observed standard deviation of the pooled data adjusted
for the expected treatment difference using Zucker's formula:

SPoip = S*=(n*d*) /In;-1

potential increase. This approach maintains the overall type I
error rate but protects against moderate underestimation of
the between-patient variability. The interim sample size recal-
culation resulted in a revised sample size of 82 total patients
to achieve 80% power.

Statistical Analysis

Demographic and other baseline data, such as trauma
characteristics, as well as outcome measures, are presented
overall and by treatment group. Categorical data are presented by

TABLE 3. Results of Subset Analysis

Outcomes Total Ketamine Placebo P
where d = 2 is the expected treatment difference. Recruitment OME ISS < 15, mg (SD)
did not stop during the recalculation phase. Sample size revision 12-24 hours 46.0 (48.3) 50.4 (35.2) 42.8 (56.1) 0.10
did not allow for a decrease of the study sample size, only for a 24-48 hours 80.1 (107.4) 84.4 (72.8) 77.1 (127.5) 028
Total 172.0 (183.0) 189.4 (140.3) 161.3 (209.7) 0.12
OME ISS = 15, mg (SD)
TABLE 2. NPS and OMEs in All Subjects 12-24 hours 69.0 (63.3) 50.5 (47.2) 94.3 (74.3) 0.03
- 24-48 hours 119.5 (194.9) 87.0 (126.1) 164.1 (259.0) 0.03
Outcomes Total Ketamine Placebo P Total 2429 (2623) 1803 (1500)  328.5(3514)  0.048
NPS AUC, mean (SD) OME rib fx only, mg (SD)
12-24 hours 5.9 (2.0) 57@.1) 6.1(2) 0.36 1224 hours 363 (36.3) 54.0 (48.9) 257(22.0)  0.11
24-48 hours 5.7(2.0) 56(2) 5.8 (1.9) 0.77 24 48 hours  53.8(55.3) 80.1 (73.1) 380(35.5)  0.14
OME, mean (SD), mg Total 1351 (131.9)  199.0 (177.1)  96.8 (80.4)  0.11
1224 hours  57.3(57.1) 50.5 (42.1) 64.1(684) 079  OME ICU admits, mg (SD)
2448 hours 99.6 (157.2) 85.9 (105.9) 113.0 (195.3) 0.63 12-24 hours 73.2 (68.1) 62.8 (50.6) 85.0 (83.7) 0.62
Total 207.5 (227.2) 184.2 (144.4) 230.4 (285.9) 0.98 24-48 hours 169.9 (283.5) 111.4 (138.8) 169.9 (283.5) 0.68
184 © 2018 American Association for the Surgery of Trauma.
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Figure 2. Total OME in subset of ISS.

frequencies and percentages, with Fisher's exact test for be-
tween-group comparisons. Numeric data with approximately
symmetric distribution, including the primary outcome, was
summarized using mean and standard deviation, and compared
between groups using Student's two-sample 7-test. Skewed out-
comes, such as length of stay and cumulative OME, and ordinal
measures, such as ISS, were summarized via median and inter-
quartile range (IQR) with Wilcoxon's rank-sum test for com-
parisons. All analyses were performed using SAS 9.4 (SAS
Institute, Cary, NC).

RESULTS

Ninety-two patients were enrolled, and 91 randomized to
either the placebo or experimental (LDK) arm. Forty-five (49%)
patients were randomized to the experimental arm (Fig. 1). Over-
all, 74.7% of patients were male, had a median age of 49 years
(IQR, 18.0-65.0), and had a median ISS of 14 (IQR, 9.0-38.0).
Motor vehicle collision was the most common mechanism of in-
jury (45.7%). There were no significant differences in demo-
graphics or injury characteristics in either group (Table 1). Four
(4.4%) patients completed less than 12 hours of the infusion, 10
(11%) patients completed less than 24 hours, and 75 (82.4%)

patients completed more than 36 hours of the infusion, but no dif-
ference in the infusion duration was noted between groups. As
part of our multimodal pain treatment guideline for patients with
rib fractures, oral acetaminophen, nonsteroidal anti-inflammatory
medications, and muscle relaxants are typically prescribed unless
contraindicated. There was no statistical difference in the use of
any of these medications in our patient population. Similarly, in-
tercostal nerve blocks were performed on 11 (24.4%) LDK pa-
tients and 13 (28.3%) in the placebo arm (p = 0.81).

Regarding the primary outcome, no difference was noted
in NPS at 0 hour to 12 hours, 12 hours to 24 hours, 24 hours,
or 48 hours. Similarly, no difference was noted in OME totals
at 12 hours, 24 hours, or 48 hours (Table 2). A subset analysis
was completed to further explore whether LDK had any effect
on NPS or OME in patients with isolated rib fractures, ICU versus
ward admissions, and those with an ISS greater than 15 (Table 3).
While LDK failed to decrease NPS within any of those patient
groups (data not shown), a significant reduction in OME was
noted in severely injured (ISS > 15) patients receiving LDK
(Fig. 2). Other secondary outcomes are reported in Table 4. Of
note, adverse events were not significantly different between
groups nor was the rate of epidural placement (15.6% vs. 6.5%
of LDK and placebo patients, respectively.)

TABLE 4. Secondary Outcomes

Outcomes Total Ketamine Placebo P

Length of stay, median (IQR) 5.0 (1.0-33.0) 5.0 (1.0-20.0) 4.0 (1.0-33.0) 0.83
Epidural placed, n (%) 10 (10.9) 7 (15.6) 3(6.5) 0.18
Unplanned ICU admit, n (%) 333) 0(0) 3(6.5) 0.24
Respiratory failure, n (%) 5(5.5) 2(44) 3(6.5) 1.00
Sedation, n (%) 5(5.6) 122) 4(8.7) 036
Hallucinations, n (%) 122) 0(0) 1(2.2) 1.00
© 2018 American Association for the Surgery of Trauma. 185
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DISCUSSION

Our article presents the results of the first randomized,
double-blinded controlled trial of LDK for the treatment of pain
in trauma patients with at least three rib fractures. This trial was
pragmatically designed to include not just patients with isolated
rib fractures, but the multiple-injured population typically seen
in trauma centers. While no difference was noted in NPS or
OME within the entire cohort at 12 hours, 24 hours, or 48 hours,
LDK significantly reduced OME utilization in severely injured
patients (ISS, >15). Interestingly, the OME reduction was not re-
lated to admission to the ICU or general trauma ward, which
suggests that our findings are related to the patients' cumulative
injuries and not simply an effect of where they were cared for.
Unfortunately, we could not determine if a specific additional in-
jury (i.e., long bone fracture or abdominal injury) in addition to
the rib fractures contributed to this finding.

Adverse effects associated with ketamine are common
when utilized for induction of anesthesia or procedural sedation,
but those doses are much higher (up to 4.5 mg/kg) than those
used for pain management.'® As noted in other studies, we also
demonstrated a low rate of other side effects in the ketamine
group, which provides additional evidence regarding the safety
of LDK infusions.”*?' Similarly, we expected a low incidence
of psychomimetic effects due to the dose of ketamine used in
this study, and the incidence of oversedation and respiratory dis-
tress were both higher (but not significantly) in the placebo
group. These findings provide evidence of the benefits of LDK
aside from improvements in NPS or OME; theoretically, any de-
crease in opioids should lower the risk of respiratory depression
and may explain why more episodes of respiratory distress were
noted in the placebo group.

Another benefit of ketamine, aside from its direct analge-
sic effects, is the action that ketamine plays in the physiologic
response to pain.?? Painful stimuli activate NMDA receptors
and produce hyperexcitability of the dorsal root neurons, which
leads to central sensitization, “wind-up” phenomenon, and pain
memory.*> As a noncompetitive antagonist of NMDA receptors,
ketamine can prevent central sensitization caused by stimulation
of peripheral nociception and block the “wind-up” phenomenon
by blunting the excitatory neurotransmitter glutamate.'' These
effects are not completely understood but may be relevant when
one considers that a single dose of ketamine at the time of sur-
gery has been shown to limit the future development of chronic
pain and to reduce neuropathic pain.**

This study has several limitations. First and foremost, the
use of NPS as the primary outcome presents challenges. Pain is
subjective and difficult to assess, particularly in patients with
multiple injuries. We tried to have “thoracic pain scores” recorded
separately from the “global pain score” that a patient reported.
However, separating out pain scores was inconsistent despite sev-
eral study protocol information sessions and, ultimately, we had to
use either the thoracic or global “pain score” as recorded by the
nursing staff. Additionally, this study allowed the treating provider
to use any medications within the multimodal rib fracture pain
management order set. Since there was no difference in the med-
ications prescribed within the groups, we do not think this had any
impact on the study results but cannot say this definitively. Not
standardizing the pain regimen is another potentially confounding
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variable. Intravenous opioid medications were recommended
while the investigational drug was infusing, but a transition to oral
narcotics was permitted to prevent increasing length of stay. Oral
narcotic doses and frequency are less variable, which could de-
crease the effect on OME.

Finally, it should be noted that the protocol did not allow
for titration of the ketamine infusion. The ketamine infusion
was intentionally set at a low fixed dose of 2.5 pgkg 'min",
and underdosing may have led to the lack of differences in
OME and NPS between groups. In a Cochrane review analyzing
ketamine for acute postoperative pain, dosing of ketamine varied
from 2 pg-kg 'min! to 1 mg-kg "-min"'.** The heterogeneity
of dosing indicates that the optimal dose of adjunct ketamine
has not been determined, but interpatient variability in response
to ketamine has been reported.”* Ketamine appears to work on
several receptors including NMDA, cholinergic, and mono-
aminergic receptors, any of which may affect a patient's analge-
sic response to ketamine.*> Future studies using higher doses of
ketamine or the ability to titrate a ketamine infusion based on
an individual's response to the drug may demonstrate a signif-
icant benefit.

CONCLUSION

Despite the current emphasis on multimodal analgesic
therapy, opioids still remain the foundation for treatment of rib
fracture related pain.® Given the side effects, dependency issues,
and nationwide opioid crisis, we must continue to seek alternate
medications to treat pain in the injured patient.”® We report the
results of the first randomized double-blind placebo-controlled
trial of LDK in multiply injured patients with three or more rib
fractures. Although there was no difference in NPS or OME for
the entire cohort, we noted a reduction in OME in severely injured
patients (ISS > 15). LDK may result in decreased opioid con-
sumption within a group of severely injured patients, but addi-
tional studies will be necessary to confirm this finding.
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DISCUSSION

Dr. David A. Spain (Stanford, California): Thank you,
Drs. Rotondo and Reilly and the Program Committee for the
privilege of discussing this outstanding work.

I hope you noticed that Dr. Kugler was up here at the ready
as the prior discussion was closing. It's like having short turnover
time in the OR — doesn't always happen, but it's beautiful when
you get it. I had the privilege of hearing Dr. Kugler present this
work at the Wisconsin State COT Chapter Meeting a few
months ago, and he did an excellent job today as well.

The group from Medical College of Wisconsin are to be
congratulated for doing what few of us have: conducting a pro-
spective, randomized, blinded trial. The amount of work required
to pull this off is incredible, and they are really to be commended.
And I would like to thank Dr. Kugler for his excellent presenta-
tion. I have just a few quick questions for you, Dr. Kugler:

1. At our hospital, the pain scores by convention are re-
corded by the nurses with the patient at rest; if you're in bed,
not doing a whole lot, you may not have a lot of pain. Do you
have any data on the activity level of your patients in these two
groups? Were patients on ketamine more likely to be up and
walking around?

2. Did you look at respiratory function in these patients?
We have been using inspiratory volumes with an incentive spi-
rometer to determine if we have good pain control, and it seem
to correlate. Do you have any experience with this?

3. You mentioned that this is a low to medium dose of ke-
tamine. Will your group continue these efforts, maybe with a
dose escalation protocol?

4. And then, finally, rib fractures are very challenging and
may take a long time for patients to recover their projected nor-
mal activities. You have gone through all this effort to set up a
mechanism to study these patients and shown you can conduct
prospective randomized trials; so what's next on your research
agenda for these patients?

With both the nationwide opioid crisis and the opioid
shortage, non-narcotic alternatives to pain control are becoming
increasingly important. The group from the Medical College of
Wisconsin are to be congratulated for tackling such a difficult
problem and I look forward to their continued efforts in this area.
Thank you very much.

Dr. Kimberley A. Davis (New Haven, Connecticut): This
was a beautifully presented study. I have a quick question for
you. Have you adjusted your pain regimen or standardized your
protocols, particularly in the more severely injured patients?

Dr. Eileen M. Bulger (Seattle, Washington): Just a quick
question. I'm concerned about the 43 percent of your patients
that declined enrollment in the study. Did you look at that group
to see if they are any different than the cohort that you studied?

Dr. Doulas J. E. Schuerer (St. Louis, Missouri): Again,
trying to be brief, I was curious about resource utilization. When
we use ketamine, it's usually on people who can't get the other type
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of drips or are narcotic users, but they have to stay in the ICU while
on the ketamine drip; as opposed to epidural when they can be on
the floor. Does this protocol increase your use of [CUs?

Dr. Krista L. Kaups (Fresno, California): I'm curious to
know why you excluded the patients over 65. Sometimes those
are the most challenging patients to develop pain regimens for,
so it would have made sense to include those patients.

Dr. Walter L. Biffl (San Diego, California): Very nicely
done study. Quick question and comment. How did the mor-
phine requirement translate to the post-discharge environment?
Did you do follow-up?

And I think a lot of people in this room probably saw a paper
published in the last year in the Annals about spin in randomized
trials that are negative, and this was a negative trial — you found
a difference in a sub-group of a secondary outcome — so, your
conclusion in the abstract, which a lot of people will limit their
reading to that, I would temper it a little bit. I don't think we've
demonstrated it's a useful adjunct yet. Congratulations, again.

Dr. William S. Hoff (Bethlehem, Pennsylvania): Just to
take it a step further from my colleagues’ discussions. Two of
your exclusions were some of the more challenging patients that
we have: the elderly and the chronic opioid abuser. Do you have
any plans now that you have these results to perhaps look at
those specific populations? Thank you.

Dr. Nathan Kugler (Milwaukee, Wisconsin): Thank you
for the wonderful questions. So, should I address these we'll start
at the top.

So, pain scores in terms of resting versus dynamic at our
institution are certainly a challenge, as I think they are at most
institutions. We relied heavily on the nurses in terms of reporting
all pain scores.

We were unable to tease out, even in a prospective fash-
ion, whether or not these were all up and ambulating versus sit-
ting down.

I think that's a focus of a future study that we're looking to
incorporate, in terms of are patients able to get up and move
around easier with this low-dose ketamine component.

Certainly, we know that all of our patients are enrolled
with early physical therapy and early ambulation is a part of all
of those patients' care throughout the hospital stay, but unfortu-
nately that data, we were unable to look at this separately.

With respect to respiratory function, Incentive Spirometry
is certainly one of the things that patients are encouraged to uti-
lize by both the nurses as well as our providers. In this study,
however, we utilized vital capacity, which is an indexed measure
based off of each patient.

All patients enrolled in the study had chest trauma moni-
toring protocol, which is a standardized protocol utilized in our
institution, that is a respiratory therapist-driven protocol.

What we did find when we looked at the vital capacities
between the separate cohorts is that there was no significant dif-
ference at the initial onset of vital capacity between the placebo
and the ketamine group. And as we followed it through, we did
not see any statistically significant difference between the vital
capacities achieved while on the infusion.

With respect to the ketamine dosage that was utilized
within the trial, we relied on our anesthesia colleagues, which
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we'll sort of talk about this in a different component, to help
guide the study, as they are sort of the masters of ketamine at
our institution and the gatekeepers to utilization in the hospital.

The group that we worked with had limited experience
with this as an analgesic, particularly in a trauma patient popula-
tion, so the dose that was fixed was based on a retrospective
study that we looked at that appeared to be safe as well as pre-
dominantly effective.

Since the sort-of onset of this trial, they've become a lot
more comfortable with utilization of ketamine, and thus
they've started to increase their doses, even just since this trial
was finished.

With respect to the future directions for this, I think that
we have isolated a group within our sub-group analysis that sug-
gest that severely injured patients may have a potential benefit to
the use of low-does ketamine.

We utilized rib fractures as a proxy to severely injured
patients, and it was of our interest due to the complexity of
managing rib fracture patients' pain. Certainly moving forward,
looking at severely injured patients as a different cohort as a
whole, will be a key and a challenge to designing the future tri-
als of this.

With respect to why a patient declined enrollment within
the study, so this was difficult to assess, but for the most part,
there seemed to be a large portion of patients who were unfamil-
iar with the drug or had concerns given the drug.

Patients were approached in the Emergency Department
in an attempt to enroll them early within a 12-hour time frame
to start the drug, which may have been a limiting factor, given,
sort of, they just experienced a trauma, and now they're being
approached about a research study.

With respect to ketamine and ICU utilization, so, when we
looked at our disposition from the Emergency Department, we
found there was no significant difference between ICU and floor
dispositions between the placebo versus the ketamine group.

Our institution does allow the utilization of a ketamine
infusion at a fixed dose on the floor, so we did not require ICU
admission for all of these patients, unless they needed ICU ad-
mission for other injury-related purposes.

With respect to the question of why to exclude patients over
the age of 65, at our institution, we have two separate chest trauma
monitoring and thoracic management protocols based on age.

Age of 65 or greater has a different pain medication regi-
men as well as some different adjuncts; thus, we felt that it was
important to separate these two out so that we had a consistent
study group.

We did, in fact, perform the same exact trial within the co-
hort at 65 years or older, which that trial has now concluded at
the same time as this, but that data is still being analyzed, so
hopefully we'll have that to follow.

With respect to transition to post-discharge and whether or
not this affected the overall requirements for patients and follow-
up, we chose not to look at how much patients were discharged
on due to the fact that this is somewhat provider-dependent;
however, we have a subsequent, an additional trial that's going
on to look at the quality of life as well as their overall outcomes.

Thank you, and I'd be happy to take any questions after.
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