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Artificial intelligence
may enhance

emergency triage
and management
To the Editors:

W e read with great interest the article
by Garwe and colleagues1 con-

cerning triage and correct management
of injured older adults (55 years or older).

In this retrospective prognostic
study, the authors used data reported be-
tween 2009 and 2019 for developing a
transfer risk score that may potentially
simplify secondary triage of injured older
adults to tertiary trauma centers.

The investigated outcome of interest
was either mortality or serious injury (Injury
Severity Score, ≥16) requiring an interven-
tional procedure at the receiving facility. In
developing the model, machine-learning
techniques including random forests were
used to reduce the number of candidate var-
iables recorded at the initial facility. Of the
5,913 injured older adults, the final prognos-
tic model (area under the curve, 75.4%;
95%confidence interval, 74–76%) included
the following top 4 predictors and scores:
airway intervention, traffic-related femur
fracture, spinal cord injury, and need to he-
modynamic support. The authors concluded
that the secondary triage of injured older
adults to major tertiary trauma centers could
be enhanced by use of a risk score.1

Timing of intervention is often cru-
cial in influencing outcomes of patients di-
agnosed with surgical emergencies. Facing
the challenge of multiple patients requiring
emergency surgery or of limited resource
availability, the acute care surgeon must tri-
age patients according to their disease pro-
cess and physiological state. Emergency
operations from all surgical disciplines
should be scheduled by an agreed time
frame that is based on accumulated data
of outcomes related to time elapsed from
diagnosis to surgery. Although literature
exists regarding the optimal timing of vari-
ous surgical interventions, implementation
strategies of protocols for triage of these
e46
patients and diseases have not been suffi-
ciently developed. For institutions of a re-
petitive triage mechanism, further discus-
sion on optimal timing of surgery in di-
verse surgical emergencies should be
encouraged. Standardizing timing of inter-
ventions in surgical emergencies will pro-
mote clinical investigation and a commit-
ment by administrative authorities to
proper operating theater provision for acute
care surgery.2 It is from the extrahospital
settings especially in emergency conditions
that it is necessary to intervene to anticipate
the clinical and therapeutic pathways. An
example may be uncontrolled posttrau-
matic hemorrhage that is an important
cause of mortality that may be reduced.
This interesting study intends to use ma-
chine learning (ML) to build an algorithm
based on data collected from an electronic
health record system to predict the risk of
delayed bleeding in trauma patients in the
intensive care unit. Demographic features,
clinical presentations, and laboratory data
were collected. The algorithm was de-
signed to predict hemoglobin dropping
6 hours before it happened and evaluated
the performance with 10-fold cross-vali-
dation. Two ML algorithms were used to
predict ongoing hemorrhage events. The
logistic model tree and the random forest
algorithm achieved an area under the
curve of 0.816 and 0.809, respectively.3

It must also be considered that op-
erating theaters are responsible for a high
amount of costs and profits as well. A
large part of the interventions is carried
out urgently; therefore, surgical planning
is an essential element of peri-operative
organization, as well as the clinical man-
agement of the patient.With the advance-
ment of technologies and the growth of
BigData systems, arises the possibility
of being able to use artificial intelligence
and ML systems to optimize not only
costs and resources but also clinical choices.
Technological precision and theML system
may increasingly guarantee an appropriate
choice by the doctor, who is thus assisted
in his diagnostic and therapeutic pathways.
Artificial intelligence is based on algorithms
that give to machines the ability to analyze
big amount of data and perform functions
such as problem-solving, object and word
recognition, inference of world states, and
decisionmaking.4Moreover,machines have
the possibility to learn from previous
analysis and perfectionate the results dur-
ing the process progressing.

This would be applicable through
the creation of input-output algorithms
that can be updated in real time and read-
ily consulted by using tablets.

The Internet of Things now has a
subset, which is the Internet of Medical
Devices, and is becoming more and more
important, which permits a much more
in-depth dive into patient procedures and
outcomes. Internet of Things devices are
now being used to enable remote health
monitoring, in-hospital treatment, and guide
therapies.5

In conclusion, it is true that there is
still much to be explored regarding artifi-
cial intelligence and ML especially in ap-
plication to the medical field and, in this
case, to emergencies and urgencies, but
the path traced is promising to guarantee
more and more clinical and therapeutic ap-
propriateness for patients' health and health
care professionals' safety. Moreover, the
application of continuous advanced analysis
systems to institutional, regional, national,
and international data accrual systems
may allow to answer to many unanswered
issues in emergency surgery and trauma
management. In conclusion, this will lead
to patient care improving together with
costs-benefit balance optimization.
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The intranasal route for
ketamine administration
may be a simple way to
improve battlefield

analgesia

To the Editor:

T his report aims to briefly review the
intranasal administration of ketamine,

particularly in combat situations. Recently,
Cohen et al.1 described the opioid sparing
effect of ketamine use in prehospital mil-
itary settings. From a prehospital military
trauma registry, including military and
non-military events, the authors retrospec-
tively analyzed 382 trauma patients with
severe pain scores (>5/10), requiring opi-
oids or ketamine analgesia. Ninety-two
patients (24%) received ketamine as part
of their analgesia treatment, and 21% of
them received unique analgesia therapy.
In the univariable multinomial logistic re-
© 2023 Wolters Kluwer Health, Inc. All rights re
gression, ketamine was associated with an
odds ratio of 0.28 (95% confidence interval,
0.15–0.5) when treated with the medium
dose of morphine equivalent (11–20 mg)
compared with the low dose (0–10 mg).
These results may be useful for understand-
ing and improving analgesia in military
combat settings. To support this, we want
to highlight the specific advantages of the
intranasal route for ketamine administration.

First, optimal pain management is
challenging in tactical combat casualty care
(TCCC), particularly in remote and austere
settings. Furthermore, the appropriate treat-
ment for prehospital analgesia can be lim-
ited or delayed because of a lack of intrave-
nous access. Thus, the TCCC guidelines
already include an intranasal route for pain
control because it can be relatively more
accessible and noninvasive.2

Second, at doses of 0.5 mg/kg to
0.75mg/kg, intranasal ketamine is consid-
ered to be a rapid and effective drug for
acute pain control.2 Specifically, ketamine
is detectable in the blood after 2minutes, a
maximum concentration is reached after
30 minutes, and it is estimated to be effec-
tive for 3 hours. Moreover, the average
bioavailability of ketamine delivered via
the intranasal route is 40%, within a range
of 33% to 71%. However, only a few
randomized controlled trials have been
conducted to evaluate the effectiveness
of intranasal ketamine in emergency rooms
or prehospital settings.3,4 For example,
Shimonovich et al.3 showed similar clin-
ical efficacy for intranasal ketamine com-
pared with intravenous and intramuscular
morphine. In addition, the PAIN-K study
demonstrated the efficacy of intranasal
ketamine to control acute pain in civilian
prehospital settings.4

Third, Dubecq et al. reported the
use of intranasal ketamine for pain man-
agement in a case series of combat casu-
alties in the Middle East, which revealed
reasonable results and no significant side
effects (article in press). As part of the de-
ployment, medical teams from the French
MilitaryMedical Servicewere deployed for
four-month rotations from August 2017 to
March 2019 and treated 259 casualties.
Seventy-six of them received 50 mg of
intranasal ketamine alone or concomi-
tantly with a 10-mg subcutaneous mor-
phine injection from personal first aid kits
before placement of peripheral venous ac-
cess. Fifty-nine of those patients (77.6%)
reached a Wong-Baker Faces Pain Rating
Scale (W-BFPRS)* < 3 after 10 minutes
served.
and did not need intravenous access for
analgesia, which is particularly conve-
nient in triage situations. Nine casual-
ties were treated with intranasal ketamine
alone, while 50 casualties also received
10 mg of subcutaneous morphine simul-
taneously. In the intranasal ketamine group,
the required doses of intravenousmorphine
and intravenous ketamine to achieve a
W-BFPRS <3 were lower than in the
subcutaneous/intravenous group.

Finally, the FrenchMilitary Central
Pharmacy is currently developing a keta-
mine pulverization device for intranasal an-
algesia at the point of injury. This device
could soon be available as a means of
autoadministration for all servicemen and
women, in addition to the French syrette of
morphine, a 10-mg subcutaneous morphine
dose provided in the combat first aid kit.5

In conclusion, intranasal ketamine
administration may be an effective way
to improve analgesia in austere conditions.
Although the TCCC guidelines already
recommend this route, and the first results
in the case series are encouraging, the
literature on this topic is still lacking. Fur-
ther studies are necessary to validate these
results and develop the application of in-
tranasal ketamine in combat situations.
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