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Acute traumatic pain treatment with ketamine decreased PTSD and
anxiety symptoms 6 months post hospital discharge

Colleen McCarthy Trevino, PhD, AGACNP, FNP, Thomas Carver, MD, Carissa Tomas, PhD,
Christine Larson, PhD, Margo Mantz-Wichman, BS, RN,
William J. Peppard, PharmD, BCPS, FCCM, and Terri deRoon-Cassini, PhD, Milwaukee, Wisconsin

Chronic pain, anxiety, depression, and posttraumatic stress disorder (PTSD) are frequently seen after traumatic
injury. Ketamine infusions used to treat acute pain may decrease the risk of chronic pain and improve psycholog-
ical outcomes of injured patients. We hypothesized patients receiving ketamine would have a lower incidence of

A prospective, randomized, double-blind placebo-controlled trial of severely injured (Injury Severity Score 215)
adult patients (age, 18—64 years) admitted to a Level 1 trauma center was conducted. Exclusion criteria included
pregnancy and chronic opiate use. All patients were prescribed a patient-controlled analgesia and randomized to
either adjustable dose ketamine (ADK) starting at 3 pg/kg/min or an equivalent rate of 0.9% normal saline. Qual-
ity of life (QoL) outcomes were measured using Depression and Anxiety (Depression Anxiety Stress Scales 21),
PTSD (PTSD Checklist for Diagnostic and Statistical Manual of Mental Disorders-5), Trauma quality of life
(TQOL), and pain (Brief Pain Inventory-Short Form) questionnaires at hospitalization, and 1, 3, and 6 months
postdischarge. Linear regression analysis evaluated the relationship between groups and baseline pain and mental

Forty-four of 82 patients (54%) were randomized to ADK. Both groups were similar in demographics, injury
mechanisms/severity, and baseline QOL measures. Patients in the ketamine group had significantly less anxiety
symptom severity (p < 0.05) and PTSD (p < 0.05), with significantly less re-experiencing symptoms (subscale
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of PTSD) at 3 and 6 months (p < 0.05).
CONCLUSION:
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Ketamine infusion for acute pain treatment in severe traumatic injury may significantly reduce anxiety and PTSD
6 months after injury. This effect may be specific to the memory processes responsible for re-experiencing symptoms.
Further research should explore the effects of acute ketamine administration on the neurobiological mechanisms impli-
cated in the development of PTSD, as this could be a novel preventative intervention to improve QoL for injured patients.
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P oor long-term pain and psychological outcomes are debilitat-
ing consequences of traumatic injury. The incidence of
chronic pain after injury is as high as 79%." Depression, anxiety,

Submitted: August 2, 2025, Revised: October 1, 2025, Accepted: October 14, 2025,
Published online: December 17, 2025.

From the Division of Trauma and Acute Care Surgery, Department of Surgery
(CM.T, T.C., MM-W,, WJ.P, T.d-C.),

Division of Epidemiology and Social Sciences, Institute for Health and Humanity
(C.T.), Medical College of Wisconsin; and

Department of Psychological and Brain Sciences (C.L), University of Wisconsin-
Milwaukee, Milwaukee, WI.

This study was presented as an oral presentation at the 84th Annual Meeting of AAST and
Clinical Congress of Acute Care Surgery on September 10th, 2025, in Boston, MA.

Funding: This study was partially funded by the Comprehensive Injury Center pilot
grant at the Medical College of Wisconsin.

Supplemental digital content is available for this article. Direct URL citations appear in
the printed text, and links to the digital files are provided in the HTML text of this
article on the journal’s Web site (www.jtrauma.com).

Address for correspondence: Colleen McCarthy Trevino PhD, AGACNP, FNP,
Medical College of Wisconsin Department of Surgery, Division of Trauma and
Acute Care Surgery, 8701 Watertown Plank Rd. Milwaukee, W1 53226; email;
ctrevino@mcw.edu

DOI: 10.1097/TA.0000000000004835

J Trauma Acute Care Surg
Volume 00, Issue 00

and posttraumatic stress disorder (PTSD) are highly comorbid
with chronic pain after injury.? Yet, those who develop chronic
pain and continue to use opioids after injury, have significantly
more depression, and anxiety without significant improvement
in their pain, suggesting that there is an intricate relationship be-
tween pain and psychological distress.’ Therefore, interventions
to prevent the development of chronic pain and mental health
disorders are needed to improve long-term quality of life out-
comes in the traumatically injured.

Ketamine in Acute and Chronic Pain

Significant reduction in acute pain after trauma has been
shown with the utilization of ketamine in prehospital,* emer-
gency department,” intensive care unit (ICU)° and in hospital
settings with severely injured patients.” However, this finding
of reduced acute pain was not found in our institution specifi-
cally with traumatically injured patients with rib fractures, but
a reduction in oral morghine equivalents (OME) was noted
early in hospitalization.™

A comprehensive Cochrane review evaluated all pharma-
cological interventions to prevent chronic post-surgical pain and
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found that only parenteral ketamine admlmstratlon had overall
effectiveness on all pain at 6 months follow-up.'® Other single

center studies have contradicted this finding, including the study
by Jennings et al.'' which demonstrated that the broader concept
of quality of life (QoL) 6 months after injury was not affected by
ketamine use in the pre-hospital setting. In another pilot study,
there were no differences in 6-month numeric pain scores and
adverse side effect rates were similar between ketamine and pla-
cebo.'? Therefore, the effect ketamine has on both acute and
chronic pain remains unclear.

Ketamine and PTSD

PTSD is a neuropsychiatric condition that occurs in ap-
proximately 20% to 40% of in]ur?/ survivors and is highly co-
morbid with poor quality of life. ” Early preventative care of
PTSD is of interest to trauma centers, as the American College
of Surgeons Committee on Trauma requires screening and refer-
ral to treatment for injured patients. Ketamine’s theoretical benefit
is believed to be due to its action as an N-methyl-D-aspartate
(NMDA) antagonist. NMDA binding results in a neuroexcitatory
state that can affect glutamine receptor b1nd1n$ anactmg learn-
ing and memory involved in fear conditioning.™* ' When admin-
istered in the acute aftermath of trauma, ketamine could facilitate
fear extinction by blocking the NMDA receptors, thus minimiz-
ing risk for developing chronic PTSD, as well as potentially mitigat-
ing glutamate-induced hippocampal damage seen in chronic
PTSD.'"'® Researchers have proposed a role for agents impacting
glutamate transmission during therapy sessions aimed at reducing
conditioned fears and traumatic memories.'*?° There is some
randomized controlled trial (RCT) evidence for rapid reduction
in PTSD symptom severltzr following ketamine infusion in pa-
tients with chronic PTSD.?"**? In another study looking at vet-
erans with burns, those Who received ketamine during surgery
had a prevalence of PTSD of 46% versus 27% in who did not
(p = 0.04), suggesting that ketamine may reduce PTSD.**> How-
ever, in a meta-analysis on injured soldiers, early ketamine treat-
ment did not decrease the incidence of PTSD nor early PTSD
symptoms, but late ketamine treatment did show improvement
in chronic PTSD symptoms.** Therefore, there is some contra-
dictory evidence regarding the use of ketamine in PTSD treat-
ment and prevention.

Ketamine and Mood

Glutamate systems have been directly or indirectly impli-
cated in mood disorders such as depressmn and anxiety, schizo-
phrenia, and substance abuse.?® For this reason, ketamine has
been studied in patients with depression and has been associated
with 51gn1flcant antldepressant effects, particularly in patients
with chronic pain.?®® However, it is unknown if early ketamine
administration after injury has a long term impact on mood, in-
cluding post-traumatic stress symptoms, depression and anxiety,
with or without benefit to pain.

Given the gaps and inconsistencies in the literature related
to ketamine and quality of life benefits, we performed a random-
ized, placebo-controlled trial to assess the effect of ketamine on
acute pain following severe trauma. Our second aim was to evalu-
ate whether ketamine would have any benefit on long-term patient
reported outcomes following injury. We hypothesized that keta-
mine would improve QoL after trauma by reducing long-term

2

chronic pain, depression, anxiety, and PTSD 6 months after se-
vere traumatic injury.

METHODS
Study Design

This study was the second aim of a prospective, random-
ized, double-blind, placebo-controlled trial utilizing adjustable
dose ketamine (ADK) infusions in severely injured adults (In-
jury Severity Score [ISS], >15).%° In addition to a multimodal
pain management standard of care, ketamine (or placebo) infu-
sions were started within 24 hours of injury and continued for
48 hours as an analgesic adjunct at a Level I trauma center from
January 2021 to February 2024. As described in the first paper,
all adult (1864 years of age) trauma patients were screened for el-
igibility in this study.*® To be included, the patient had to be within
24-hours of arrival, admitted to the Trauma Service, and had to
have an estimated ISS of >15. Consent, randomization, study pro-
tocol, and safety/monitoring protocol are described in detail in the
Ketamine Infusion Study (Consort Diagram in Supplemental Dig-
ital Content 1, http:/links.lww.com/TA/E954).%° This study was
registered w1th clinicaltrials.gov (NCT no. 04274361) and funded
through an institutional grant (Comprehensive Injury Center
Award). The institutional review board reviewed and approved
the study design (IRB000317017) and patients were random-
ized using a web-based generator following informed consent
and followed by both the Trauma Service and the Regional An-
esthesia and Acute Pain Service who assessed the patient for ad-
verse events related to the infusion or PCA.*° Patients were
assessed for nausea, pruritus, respiratory depression, sedation
level, and presence of disturbing dreams or hallucinations.” Ini-
tial study design called for randomization within 12 hours of ar-
rival to the institution, but because of difficulty in enrollment,
this was amended to 24 hours after arrival.>> A power analysis
was completed based upon the primary outcome of reducing oral
morphine equivalents recommending 119 subjects. However, based
on an interim analysis at 92 patlents the study was terminated due to
meeting the threshold for futility.* In addition to the drug interven-
tion, questionnaires regarding the traumatic injury and patient re-
ported quality of life were obtained at baseline hospitalization
and at 1 month, 3 months, and 6 months post injury. This study
used the Consolidated Standards of Reporting Trials reporting
guidelines for reporting parallel group randomized trials (Sup-
plemental Digital Content 2, http://links.lww.com/TA/E955).

Baseline Study Procedure

The patient’s electronic health record was accessed to col-
lect information related to their demographics and injuries. In
addition to the measures listed below, the Injured Trauma Survi-
vor Screen (ITSS) was administered at the bedside during hospi-
talization prior to discharge. The ITSS is the standard of care
screener for PTSD and degressmn risk for hospitalized trauma
patients at this institution.

1-Month, 3-Month, and 6-Month Follow-Up Study
Procedure

A follow-up interview occurred via a telephone call at
1 month and 3 months post enrollment. During the interview,
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subjects completed the quality of life assessment measures (de-
scribed below). The 6-month visit was scheduled as an in-
person follow-up interview in an institutional clinical research
space. If the subject indicated they were unable to come to the
research space, the option of a phone interview was offered.

Incentives were offered for participation in the study. At
baseline after enrollment the participants received $25 cash; at
1- and 3-month interviews, they received $25 gift cards; and at
6-month interviews, they received a $25 gift card for a phone in-
terview or $50 cash for an in-person interview.

Measures and Analyses

The institution’s Trauma Program Registry was accessed
for the purpose of data collection of the following variables:
ISS, length of stay (LOS), ICU LOS, ventilator days, discharge
location, discharge status, Abbreviated Injury Scale, as well as
hospitalization, and follow-up clinical characteristics. The fol-
lowing measures were collected at baseline hospitalization,
1 month, 3 months, and 6 months post discharge.

Depression Anxiety Stress Scales 21°" was used to assess
severity of symptoms of depression, anxiety, and stress. Thisis a
self-report scale that measures current state or change over time
of depression, anxiety, and stress and can discriminate between
these three types of emotional disturbances.”'

PTSD Checklist for DSM-5? was used to assess the 20
symptoms of PTSD listed in the Diagnostic and Statistical Man-
ual of Mental Disorders (DSM-5). This measure is used to assess
for severity of symptoms and change in symptoms over time, as
well as screening and provisional diagnosis of PTSD.*

The Trauma Quality of Life (TQoL) measure was used to
assess domains unique to quality of life for injured patients, in-
cluding emotional well-being, functional engagement, recovery
and resilience, peritraumatic experience, and physical well-
being.** This is a 59-item measure that is scored on a Likert
scale, with a higher score indicating a higher quality of life.*?

The Alcohol Use Disorders Identification Test-Concise
(AUDIT-C) was used to identify those with active alcohol abuse
disorders or those that actively engage in hazardous drinking
which may affect clinical outcomes.>* This is a three-question
self-report measure used to screen for drinking behaviors that
are potentially or currently harmful to health but does not diag-
nose alcohol dependence.**

The Brief Pain Inventory-Short Form was used to evaluate
pain severity and its impact on daily functioning.*® There are
two main components, the pain intensity scale based upon a nu-
merical pain scale 0 to 10 and a pain interference scale that eval-
uates how pain affects activities of daily living.*

The Connor Davidson Resilience Scale (CD-RISC)*® was
used to measure psychological resilience in the face of adversity.
This is a 25-item measure that focus on emotional regulation,
problem-solving skills, and maintaining a positive outlook under
pressure on a scale of 0 to 4, with the higher the score, the greater
the resilience.*®

Life Events Checklist (LEC) was used to tabulate lifetime
past (preinjury event) exposure to 17 potentially traumatic
events and the degree of that exposure that could lead to
PTSD.?” This measure was used to identify exposure to poten-
tially traumatic events in order to facilitate additional assessment
and treatment for PTSD symptoms.*’

© 2025 Wolters Kluwer Health, Inc. All rights reserved.

Groups (ketamine vs. placebo) were compared with eval-
uate demographic differences using t-tests and X tests where
applicable. Linear mixed effects models were used to evaluate
group differences of each outcome over time with group time
fixed effects and the patient as random effect. Linear regression
was used to evaluate the relationship between groups and base-
line pain and mental health outcomes at each follow-up.

RESULTS

There were 44 subjects in the ketamine group and 38 in
the placebo group at baseline. There were no group differences
in age, sex, ISS, mechanism of injury (MOI), risk for depression
or PTSD on the ITSS, and trauma exposure (measured via the
LEC) at baseline, 1 month, 3 months, or 6 months (Table 1).>®
In addition, the two groups were similarly resilient across all
study timepoints (measured by the CD-RISC).

Results of the linear mixed effects models indicated patients
in the ketamine group had significantly less overall PTSD symp-
toms at 6 months (p < 0.05) (Fig. 1), specifically reexperiencing
symptoms which were significantly less in the ketamine group
starting at 3 months (p < 0.05) and continuing to 6 months
(p < 0.05), and significantly less anxiety symptom severity at
6 months (p < 0.05) (Fig. 2). Over time, pain severity and pain
interference decreased (p < 0.001) (Fig. 3) and TQOL subscale
scores increased (p < 0.001), but were not significantly different
between groups (p’s > 0.05) (Fig. 4). Finally, there were no inter-
actions of group and baseline pain related to outcomes at follow-
up timepoints (p's > 0.05); however, in both groups, baseline
pain predicted PTSD symptoms, anxiety, depression, and stress
at one month (p’s < 0.02) but not at 3 months and 6 months
(p’s > 0.05).

DISCUSSION

The purpose of this study was to evaluate the efficacy of
ketamine versus placebo on patient reported quality of life mea-
sures following severe injury in a randomized controlled trial.
This is highly relevant in this population, with chronic pain
and mental health outcomes impacting quality of life following
injury. While utilization of ketamine, as previously reported in
our own research,*”*° did not impact acute or chronic pain out-
comes in this study, there are surprising results on mental health
outcomes. Overall, PTSD and anxiety symptom severity were
significantly lower at six months following injury for those in
the ketamine group, but ketamine did not impact depression,
pain, or overall trauma specific quality of life. This is the first
study that has shown promise that early administration of ke-
tamine may work to prevent anxiety-related mental health
sequalae following injury.

One of the most prominent models of the development of
PTSD is based on conditioned fear learning principles. %40 Ac-
cording to this model, first, symptoms of PTSD are developed
through fear conditioning as the cues or contexts associated with
the trauma lead to a fear response. Second, the conditioned fear
response is maintained through difficulties extinguishing this
conditioned response or learning that the cues and contexts asso-
ciated with the traumatic event are likely now safe and do not
warrant a fear response. Because of the distress associated with
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TABLE 1. Demographics, Risk for Depression and PTSD (ITTS),
and Trauma Exposure (LEC) at Baseline, 1-, 3-, and 6-

TABLE 1. (Continued)

Month Timepoints 6 Months
Baseline Variable Ketamine, n =26  Placebo, n = 24 P
Variable Ketamine, n =44  Placebo, n = 38 p Age, mean (SD) 33 (13.4) 36.9 (14.9) 0.3
Age, mean (SD) 33.7 (14.6) 35.9 (13.4) 0.5 Males, n (%) 18 (69%) 15 (63%) 0.6
Males, n (%) 27 (61%) 26 (68%) 0.5 ISS, mean (SD) 24.6 (1.5) 26.1 (10.7) 0.6
ISS, mean (SD) 24.6 (7.4) 2535 (9.4) 0.7 Mechanism of injury 0.08
Mechanism of injury, n (%) 0.2 GSW 3 (12%) 5(21%)
GSW 5 (11%) 8 21%) MVC 8 (31%) 8 (33%)
MVC 18 (41%) 15 (39%) MCC 5 (11.9%) 6 (25.0%)
MCC 6 (14%) 7 (18%) Fall 7 (16.7%) 1 (2.8%)
Fall 9 (20%) 1 2.6%) Other 2 (7.7%) 4.(16.7%)
Other 6 (13.6%) 7 (18.4%) Baseline n'>sk of depression 13 (50%) 12 (50%) 0.8
Baseline risk of depression 23 (53%) 18 (47%) >0.9 SF{;}? =2
(ITSS) = 2 n (%) e
Baseline risk of PTSD 21 (47.7%) 21 (55%) 0.4 Ba(sleTl'gg)”;kz(’fPTSD 40 95.2%) 34 044%) 02
(ITSS) = 2 n (%) n (%)
Baseline trauma exposure 11.3 (9.6) 9.7 (9.6) 0.5 6 month trauma 5.85 (10.51) 2.58 (5.01) 02
(LEC)* Mean (SD) exposure (LEC)*
1 month Mean (SD)
Variable Ketamine, n =36  Placebo, n = 33 P *Weighted total score (LEC).*®
Age, mean (SD) 35.1(14.1) 35.5(13.3) >0.9
0, 0, 0,
?g;{e;:ar(l/gm 232; 22'19?) zé ? E?g:;,/oz)%) 8:26 repeatedly activating the fear response, individuals with PTSD
Mechanism of injury 0.09 tend to avoid cues and contexjc that remind them of the trauma,
GSW 4(111%) 7 21.2%) which fqrthe;r prevents learning that those contexts are safe
MVC 15 (41.6%) 13 (39%) (e. g., extinction learning). For PTSD symptoms to abate, the as-
MCC 4(11.1%) 7 (19.4%) sociation of triggers apd fear needs to l?e extinguished, which is
Fall 9 (25%) 1 3%) known as fear extinction. Based on this modelf and the known
Other 4(11.1%) 5 (15%) eﬂcecys. of.ketamlne on NMDA receptors in regions key fqr fear
Baseline risk of depression 19 (52.7%) 17 (51.5%) 0.8 conditioning and' extinction, some r'esearchers ha\zl? 21£1vest1ga'.[ed
(ITSS) = 2, n (%) the use of ketamine as an intervention for PTSD.“"*“ Ketamine
Baseline risk of PTSD 16 (44.4%) 19 (57.6%) 0.4 appears to impact the hippocampus (among other brain regions),
(ITSS) 2 2, n (%) which is vital for memory formation.*! Given our results that
1 month Trauma exposure 3.36 (6.03) 5.58 (9.51) 0.3 specifically reexperiencing symptoms (i.e., nightmares, flashbacks)
(LEC)* Mean (SD) are significantly reduced in those with ketamine intervention, it is
3 months
Variable Ketamine, n =27  Placebo, n =28 y/,
Age, man (SD) 35.1 (15) 37.4 (14.9) 0.6 FISO Symptoms) (FCL-3)
Males, n (%) 16 (59%) 18 (64%) 0.7 Ao | wpees ] s
ISS, mean (SD) 23.9(72) 24.6 (7.62) 0.7 =
Mechanism of Injury 0.3 -
GSW 2 (7.4%) 5 (18%)
MVC 11 (41%) 10 (36%) L0
MCC 5(11.9%) 7 (19.4%) $ =< !74"4_\",*
Fall 6 (22%) 13.6%) B e Toseine 1o Mo 6mo mm Ketamine
Other 3 (11.1%) 5 (18%) k] fees § N 72
Baseline risk of depression 14 (51.8%) 14 (50%) 0.9 e hoachani: s
(ITSS) =2 &
n (%) 20
Baseline Risk of PTSD 12 (44.4%) 15 (53.6%) 0.9 ..
(ITSS) 2 2 n (%) &2
3 month trauma exposure 5.59(10.2) 3.14(7.03) 0.3 P‘lﬁn:f
(LEC),* mean (SD) bascline 1mo 3mo 6mo  baseline 1m;imzmc| 6mo

Continued next page

Figure 1. PTSD Symptoms (PCL-5) (error bar depicting standard
error).
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Figure 2. Anxiety, Depression, Stress (Depression Anxiety Stress
Scales 21).

possible that the mechanism of action related to PTSD for ketamine
maybe found partly in this brain region.

It is important to note that a review of the small number of
studies®® in which ketamine has been administered peritrauma
indicated mixed findings, with some studies showing that keta-
mine reduced PTSD symptoms at follow-up, whereas others
found that those administered ketamine during the peritrauma
period had worse or similar levels of PTSD severity. It should
be acknowledged that this literature is small, and studies vary
on the nature of the comparison group (e.g., placebo, opioids,
other), the rigor of the research methods (RCT vs. observational
trial), timing of ketamine administration, and mechanism and se-
verity of injury. Nonetheless, future research should include rig-
orous evaluation of ketamine on PTSD and anxiety, which a spe-
cific focus on understanding the underlying mechanisms of ac-
tion to further preventative intervention.

While the results of the present study are quite promising
and suggest that acute ketamine administration has an impact on
long-term mental health of injured patients, there are limitations
important to note. First, the sample size is relatively small and

Brief Pain Inventory

teroronce I P ]

Severe

@
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-
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Time
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Figure 3. Pain (Brief Pain Inventory).
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Figure 4. Quality of life (TQOL).

there was attrition across time, yet the demographic similarities
in the samples did not change, suggesting that the differences be-
tween the two groups were minimized. Second, the study was fo-
cused on those with the most severe injuries, as the first aim of
the study was to evaluate the impact of ketamine on pain and
use of opioid medication in-hospital. A new study is necessary
to specifically target the impact that ketamine has on those at
risk for poor mental health after injury, to clarify its role in the
development of non-remitting PTSD or anxiety symptoms,
and for which patients and under which circumstances it may
be beneficial. Third, pre-trauma history of mental health diagno-
ses was not collected. This could have provided additional un-
derstanding of how prior mental health could affect quality of
life outcomes after ketamine utilization. Fourth, information on
mental health interventions was not collected. This information
could have potentially provided information on other interven-
tions mitigating mental health outcomes. Finally, further details
on cultural consideration and social determinants of health were
not collected. This information could provide additional insight
into how these variables would affect quality of life outcomes
both with and without ketamine utilization.

Even with limitations, the findings of the present study
provide promising research that ketamine may serve to function
as a preventative treatment for PTSD and anxiety following in-
jury. Ketamine use in the peritrauma period, possibly paired with
additional interventions such as non-pharmacological interven-
tion which have shown benefit in other samples with PTSD,*!
could have dual benefit on pain and mental health long-term,
helping to address poor quality of life prevalent in traumatically
injured patients.
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