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Preface

The tremendous social, economic and technological development of modern societies
has created a global civilization, yet the threat of military force with conventional
weapon systems, weapons of mass destruction, and weaponized machinery remains
an indispensable tactical approach in pursuing the “doctrine of national interests” on
land and sea and, recently, in air and space.

However, therein lies the fundamental problems in the recent era of combat
operations: despite advanced training, personal protection, and even human
enhancements, human frailty is unavoidable, as is the risk of complex adverse health
outcomes in warfighters. Along with this, there is a devastating toll of the direct and
ancillary effects of traumatic combat circumstances among civilians when modern
warfare occurs in highly populated urban zones. Thus, military and civilian casualties
in modern wars engenders additional challenges to the military operational medicine,
combat casualty care and the Force Health Protection healthcare program during
pre-deployment, deployment and rehabilitation. These new problems demand new
solutions based on advanced concepts and methods of the biosciences and health
sciences, including the epidemiology of combat-related disorders. It is worth noting
that the progress in understanding changes in the human body as well as in human
mental ability caused by various forms of injury, including psychological trauma, can
result in improved treatment of a wide variety of human diseases. Thus, these new
developments can be addressed to the benefit of humanity throughout the world.

Nikolai V. Gorbunov
Henry M. Jackson Foundation for the Advancement of Military Medicine,
United States of America






Chapter1

Introductory Chapter: Military
Medicine - Current Topics

Nikolai V. Gorbunov

1. Introduction
1.1 Military medicine at the 21st century — Mission and challenges

Military medicine in the 21st Century encompasses diverse medical and
scientific knowledge, techniques and combat skills to serve national military forces
by optimal care of their combatants in operations on land, sea and aerospace
while acting in compliance with the National Defense Strategies and International
Law [1-5].

In the US Forces this also incorporates efforts on promoting health and well-
being within servicemen and servicewomen that is carried out by the force health
protection system [6]. Thus, along with managing illnesses and providing robust
combat casualty care toward restoration of physical and mental wellness, the US
military healthcare has a major stand in maintaining the readiness of members of
the armed services to their missions. This burden comprises prevention of disease,
injury and advancement of training and management of stress and high allostatic
load in order to sustain the strength, resilience and capabilities of the personnel
before, during, and after deployment [6-10].

In conjunction, it ought to be noted that there are recent growing healthcare
concerns regarding environmental challenges, which are warfighters facing with
in the modern operation theaters. That, along with environmental extremes and
stressors (e.g., high altitude hypoxia, cold), includes emerging unconventional,
asymmetric, and hybrid warfare [10, 11]. Thus, the armed conflicts or acts of terror
sparking in highly populated areas, especially in urban zones, inevitably lead to
devastating effects on the bystander civilian inhabitants regardless their age and
sex as well as to impacts on the combatants [11-13]. In this light, increasing demand
for quality of the public health and growing military needs to perform in hi-tech
and stressful environments sustain endeavor to comprehend, mitigate and cure
the combat-related injury and illnesses in military and civilian populations. This
concept has been deliberated in current doctrines and guidelines on operational
medicine and care of combat casualty of military and civilians [14]. In particular
the focus of this effort is on increasing performance of far-forward surgical care
with implementation of guidelines on the Pediatric Tactical Combat Casualty Care
as well as on effectiveness of intensive care system [11, 15].

1.2 The burden of the combat stress-related injury and management of PTSD
It is worth emphasizing that there is high recent attention to the advancements
for the long-term care of servicemen as well as to the policies on their returning

to duty [3, 6-8, 14]. Thus, recent recognition of the stress-related mental illnesses
as a great concern of force health protection led to development of a new concept
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of the US military health system that has acknowledged complicity of the injuries
originated from the combat and operational stress and regarded them in the Stress
Continuum Model. Note that this model adopted by the US Air Force, Army,
Marine Corps and Navy has become a foundation for Combat and Operational
Stress Control (COSC) and Combat Operation Control (COC) paradigm, pro-
moting resilience, surveillance/monitoring, interventions, and management of
life-altering stress problems especially, post-traumatic stress disorder (PTSD)

(8, 14, 16].

PTSD has emerged as a serious mental health issue among military personal
due to a broad scope of etiological factors, protracted psychological sequelae and
growing socio-economical impacts of the illness; e.g., long-term medical care and
life disability [14]. Evidently the combat-related PTSD in service members is more
complex than in other populations. Specifically, this PTSD conditions are fre-
quently complicated by one or more of the most common co-morbid conditions
including traumatic brain injury, chronic pain and other stress disorders; and they
are more difficult to treat. Moreover, often the burden of PTSD is inflamed by the
negative social stigma attached to the related psychological disorders [8].

Complexity of the biological ground of the PTSD psychopathology creates
significant obstacles for effective diagnostics of the disease and assessment of the
alleviating treatments in the personalized therapy. In this regards, development and
implementation of new techniques would be a worthwhile approach to diversify
monitoring of PTSD patients [14]. This effort could also provide military psychia-
trist with tools and ability to distinguish servicemen and servicewomen seeking
a medical separation from active duty and some compensation through a military
medical disability.

1.3 Conclusion

Over all, the analysis of the recently reported clinical studies has suggested that
combat-related PTSD can be effectively treated in active duty service members.
However, there are still serious challenges for the healthcare specialists in the PTSD
diagnostics and management especially, in early trauma events at the far-forward
combat locations.

These and other current topics of military medicine are subjects of discussion in

chapters of this book.
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Chapter2

Assessment and Treatment of
Combat-Related Posttraumatic
Stress Disorder: Results from

STRONG STAR and the
Consortium to Alleviate PTSD

Alan L. Peterson, Barbara L. Niles,
Stacey Young-McCaughan and Tevence M. Keane

Abstract

Extensive research has been conducted since 11 September 2001 to develop and
evaluate evidence-based treatments for combat-related posttraumatic stress disorder
(PTSD) in active duty United States military personnel treated in the combat theater
and in garrison. This chapter reviews the results of 20 PTSD clinical trials funded
by the United States Department of Defense and Department of Veterans Affairs on
the treatment of combat-related PTSD. All of the studies were conducted under the
leadership and management of two research consortia: the South Texas Research
Organizational Network Guiding Studies on Trauma and Resilience (STRONG
STAR) Consortium and the Consortium to Alleviate PTSD.

Keywords: posttraumatic stress disorder, PTSD, acute stress disorder,
combat and operational stress reactions

1. Introduction

Posttraumatic stress disorder (PTSD) is a common psychiatric disorder that
occurs in about 7% of the adult population after exposure to a significant traumatic
event [1, 2]. Combat-related PTSD occurs as a result of exposure to military combat
or other traumas experienced during military deployments. The rate of combat-
related PTSD in active duty military personnel and veterans who have deployed to
a combat theater of operations is about double the rate of PTSD seen in civilians.
[3-6]. Prior to the terrorist attacks on the United States on September 11, 2001,
most research on PTSD had been conducted with civilian and veteran populations,
with a striking absence of clinical trials conducted in active duty military popula-
tions with combat-related PTSD. The need for such studies was acute because,
although there are many similarities in the assessment and treatment of PTSD in
civilian, veteran, and military samples, active duty personnel represent a distinct
population with specific characteristics and needs. In the early- and mid-2000s, it
was unclear whether methods and treatments developed for civilians would suc-
cessfully translate to military personnel returning from warzones.
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Combat-related PTSD in service members differs from PTSD in other popula-
tions. As compared to most civilian populations [7-9], considerable research sug-
gests that combat-related PTSD in service members and veterans is more difficult to
treat and results in a smaller percentage of patients achieving significant reductions
in symptoms [10-13]. In addition, the types of traumatic events experienced in
warzones are often different than for civilians [14-16] and the frequency, intensity,
and duration of trauma exposure are often greater.

There are also several factors that distinguish PTSD in active duty military
populations from PTSD in veteran populations and that may affect treatment
and assessment. Veterans have completed their military service, are not at risk for
additional combat deployments, and may receive disability compensation for their
PTSD symptoms and diagnoses. Active duty military personnel with PTSD who
wish to continue their military careers are faced with unique obstacles and chal-
lenges. Many service members actively avoid seeking treatment for PTSD because
of the negative stigma associated with mental health treatment and concerns
that a PTSD diagnosis might affect career advancement and lead to a premature
discharge. Notably, U.S. military personnel who complete a minimum of 20 years
of active duty service are eligible to retire at a relatively young age with a sizeable
lifelong retirement pension that is often more than half of their active duty base
pay in addition to other retirement benefits such a lifetime medical coverage. With
few exceptions, military personnel who serve less than 20 years active service
receive no military pension or benefits. As a result, there is a strong desire and
incentive for many military personnel to serve on active duty for at least 20 years to
be eligible for full military retirement benefits, and many are reluctant to seek care
that may jeopardize this.

Assessment of PTSD relies on accurate report of symptoms, and the particular
circumstances of active duty service members who do seek out treatment may
impact how symptoms are reported. Many on active duty have a strong desire to be
treated into remission so they can remain fully fit to continue their military service.
However, there are undoubtedly some service members who actively seek a diag-
nosis of PTSD that will lead to separation from active duty and some compensation
through a military medical disability. Despite considerable clinical and research
efforts, the ability to distinguish between service members seeking continued active
duty service versus those who seek a medical separation has remained difficult,
and the current method is to simply ask service members their career intentions.

In either instance, the service member’s future career objective is challenging, but
critical for the clinician to assess.

To address the lack of research on combat-related PTSD in active duty military
personnel, the U.S. Congress allocated funding to Department of Defense (DoD)
in 2007 through the Congressionally Directed Medical Research Programs to
establish a Multidisciplinary PTSD Research Consortium. After a competitive
peer-reviewed process, the STRONG STAR (South Texas Research Organizational
Network Guiding Studies on Trauma And Resilience) Consortium was awarded
DoD research funding in 2008 to establish a nationwide PTSD research consortium.
STRONG STAR is a multidisciplinary and multi-institutional research consortium
focused on the detection, diagnosis, prevention, and treatment of combat PTSD
and related conditions (e.g., traumatic brain injury, sleep disorders, chronic pain,
substance use disorders, suicide, etc.) in active-duty military personnel and veter-
ans, www.STRONGSTAR .org.

The initial STRONG STAR funding supported 14 research projects and 4
research cores. STRONG STAR investigators subsequently secured additional inves-
tigator-initiated, peer-reviewed research funding through the DoD, the Department
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of Veterans Affairs (VA), the National Institutes of Health, and private organiza-
tions to support over 40 additional STRONG STAR-affiliated projects. In 2013,
STRONG STAR investigators partnered with the VA’s National Center for PTSD and
were selected for joint funding by the DoD and VA to establish the Consortium to
Alleviate PTSD (CAP). The CAP extended the STRONG STAR Consortium with 11
additional research projects: www.ConsortiumToAlleviatePTSD.org.

This chapter first reviews the assessment measures used to assess PTSD in the
STRONG STAR and CAP studies. Next, the results of 20 STRONG STAR and CAP
PTSD clinical trials evaluating a variety of treatments for combat-related PTSD in
active duty military personnel and veterans are summarized.

2. The assessment of PTSD in military populations
2.1 Clinician-Administered PTSD Scale for DSM-5

The Clinician-Administered PTSD Scale for DSM-5 (CAPS-5) [17, 18] is the
gold-standard structured clinical diagnostic interview for assessing PTSD. The
CAPS-5 is a 30-item structured clinical interview designed to be administered
by a trained clinical interviewer and requires about 45-60 minutes to adminis-
ter. Administration of the CAPS-5 requires the initial identification of a DSM-5
Criterion A index traumatic event. It uses a 5-point ordinal rating scale to assess
symptom the severity of the 20 PTSD symptoms included in the DSM-5. The
CAPS-5 score can range from 0-80 with higher scores representing greater symp-
tom severity. However, a diagnosis of PTSD is made only if the individual is expe-
riencing >1 intrusion, >1 avoidance, >2 negative cognitions and mood, and > 2
arousal and reactivity symptom all at a severity rating of >2. The CAPS-5 has strong
inter-rater reliability (N = 78; Cohen’s kappa = .90), and the correlation of severity
scores between raters is excellent (r = .98) [19].

2.2 PTSD Checklist for DSM-5

The PTSD Checklist for DSM-5 (PCL-5) [20] is a self-report measure of the 20
PTSD symptoms included in the DSM-5. Similar to the CAPS-5, it uses a 5-point
ordinal rating scale to measure symptom severity with a range from 0-80. The
PCL-5 can be scored in several ways, and interpretation should be made by a
clinician. Initial research suggests that total scores between 31 and 33 on the PCL-5
are indicative of probable PTSD. A provisional diagnosis of PTSD can be made by
summing each of the five DSM-5 symptoms clusters with items endorsed as a 2
(Moderately) or higher and then following the DSM-5 diagnostic guidelines. The
PCL-5 has excellent psychometric characteristics for screening and as a secondary
indicator of PTSD symptom severity [21, 22].

2.3 Primary Care PTSD Screen for DSM-5

The Primary Care PTSD Screen for DSM-5 (PC-PTSD-5) [23] is a 5-item mea-
sure to screen for PTSD symptoms and was designed to be administered in primary
care settings. The measure begins with one item to evaluate previous exposure to
a potentially traumatic event. It then includes five additional yes-no items related
to key PTSD symptoms. Validation studies suggest that a cut-off point of 3 on the
PC-PTSD-5 is optimally sensitive for probable PTSD. Individuals who screen posi-
tive should be further evaluated with the PCL-5 or CAPS-5.
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2.4 Assessment of trauma types in military personnel

Due to the unique aspects of combat- or deployment-related PTSD, the STRONG
STAR investigators developed a scheme for categorizing traumatic military events
[14-16]. The categorization of Criterion-A event descriptions is completed by
CAPS-5 trained diagnostic interviewers. The traumatic military events are then
categorized into six types of military-related Criterion-A events including (1) life-
threat to self, (2) life-threat to others, (3) traumatic loss, (4) exposure to the after-
math of violence, (5) moral injury by self, and (6) moral injury by others. Research
is ongoing to determine if different military trauma types respond differently to
evidence-based treatments for combat-related PTSD.

2.5 The use of common data elements for PTSD research

A recent development to standardize the assessment and outcome measures that
are used in PTSD research is to administer what are called Common Data Elements,
or CDEs [24]. When different measures are used across studies, it makes it difficult
to interpret the findings. The use of CDEs helps allow for the comparison of find-
ings across different research studies. A major benefit of research studies conducted
as part of the STRONG STAR Consortium and the Consortium to Alleviate PTSD is
the use of CDEs for PTSD research [19]. This strategy also increases the possible use
of future metanalytic strategies to understand the impact of various psychothera-
peutic approaches in the treatment of PTSD.

3. The treatment of combat-related PTSD in military populations

At the time of the initial funding of the STRONG STAR Consortium by the DoD
in 2008, no clinical trials existed to evaluate any form of treatment for combat-
related PTSD in active duty military forces. Precious few randomized trials for
PTSD treatment in veterans were in the published scientific literature. As a result,
STRONG STAR investigators evaluated the published literature on the treatment
of PTSD in civilian and veteran populations to help guide the initial studies of
combat-related PTSD in active duty military personnel. The 2008 publication by
the Institute of Medicine [3] titled the Treatment of Posttraumatic Stress Disorder:
An Assessment of the Evidence provided an excellent state-of-the science review of
the research literature at the time. That IOM committee report reviewed 52 psycho-
therapy studies and 37 pharmacotherapy studies and concluded, “The committee
finds that the evidence is sufficient to conclude the efficacy of exposure therapies in the
treatment of PTSD” [3].

Two cognitive-behavioral treatments were highlighted as the treatments with the
strongest scientific support for their efficacy—Prolonged Exposure (PE) [25, 26] and
Cognitive Processing Therapy (CPT) [27-29]. As a result, PE and CPT were the two
treatments identified as leading candidates to be evaluated in randomized clinical
trials in active duty military populations with combat-related PTSD.

Prolonged Exposure [30, 31] is a cognitive-behavioral therapy that includes
four primary components: (1) imaginal exposure, or the repeated revisiting of the
trauma memories, (2) in vivo exposure, or repeated exposure to avoided situations,
(3) psychoeducation about common reactions to trauma, and (4) relaxed breathing.
The standard treatment program includes 10 to 12 individual treatment sessions of
90 minutes each conducted once or twice a week.

Cognitive Processing Therapy is another cognitive-behavioral therapy that is
usually delivered in 12 treatment sessions over the course of 6 weeks, with each
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session lasting 1 hour [32]. CPT begins with psychoeducation about PTSD symp-
toms and making connections between events, thoughts, and feelings. Patients
write an “impact statement” in which they describe why they think the traumatic
event happened and how the event has affected their view of themselves, others,
and the world. Throughout CPT, unhelpful cognitions are identified and chal-
lenged through Socratic questioning until more helpful and accurate beliefs can
replace distorted cognitions. The final five sessions of CPT focus on cognitions
related to safety, trust, power, esteem, and intimacy.

A summary of the STRONG STAR and CAP clinical trials is provided in Table 1.

3.1 Treating combat-related PTSD in the combat theater

The first clinical case series to report on the treatment of combat-related PTSD
in the combat theater [33, 34] used a modified version of Prolonged Exposure
[25] that was adapted for the deployed environment. The results showed that PE
could be safely and effectively delivered in the deployed environment to allow
service members to return to combat duties and complete their deployments. The
promising results from this case series led to the funding of a larger nonrandomized
clinical trial as part of the STRONG STAR Consortium to evaluate the use of PE and
CPT in Iraq and Afghanistan for the treatment of 12 service members with combat-
related PTSD [35]. All patients were treated by military behavioral health provid-
ers deployed to the combat theater using modified versions of PE (n = 6) or CPT
(n = 6). Because this study was conducted prior to the publication of the PCL-5, the
PTSD Checklist-Military Version (PCL-M) was used [36, 37], which was based on
DSM-1V criteria and asks about symptoms in response to “stressful military experi-
ences.” The results showed that both treatments demonstrated clinically significant
change in PTSD symptoms on the PCL-M.

Despite the small sample size (INV = 12), this prospective, nonrandomized trial
is the largest study to date to evaluate the treatment of combat-related PTSD in the
deployed combat theater. Previous military operational guidelines limited the use
of trauma-focused treatments such as PE and CPT and recommended not treating
PTSD until military service members returned from their deployments [38]. These
recent findings should be considered in future military guidelines on the treatment
of combat operational stress reactions and combat-related PTSD in the military
combat theater.

3.2 Treating combat-related PTSD in military personnel in garrison
3.2.1 Prolonged Exposure Thevapy

The first study to evaluate the efficacy of PE for the treatment of combat-related
PTSD in active duty military personnel treated in garrison (i.e., at their non-
deployed, home duty location) included 366 active duty US Army soldiers treated
at Fort Hood, in Killeen, Texas. The study [39] was a 4-armed RCT to evaluate: (1)
the standard delivery format of PE, which was referred to as Spaced PE (z = 109; 10
weekly 90-minute PE sessions); (2) a non-trauma focused active comparison condi-
tion called Present Centered Therapy (PCT; # = 107; 10 weekly 90-minute PCT
sessions); (3) a compressed, daily format of PE called Massed PE (z = 110; 10 daily
90-minute PE sessions over 2 weeks); and a minimal-contact control condition
(n = 40) involving brief, weekly phone calls from therapists to be used as a compari-
son condition for the Massed PE arm. The results demonstrated significant reduc-
tions in PTSD symptoms in all three active treatment arms. The Massed PE format
had equivalent efficacy as the Spaced PE arm, although there were fewer dropouts
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Principal Project Title Interventions Project Research
Investigator/ DoD Description Participants
Award Number
Jeffrey Cigrang Brief Cognitive- Prolonged Nonrandomized N =24 Active
W81XWH-08-02-0109 Behavioral Exposure for pilot clinical Duty Military
Treatment of Primary Care trial of brief
Combat-Related cognitive-
PTSD in Primary behavioral
Care Settings: A therapy (CBT)
Pilot Study for PTSD in
primary care
Jeffrey Cigrang Brief Cognitive- Prolonged RCT of brief N = 67 Active
WB81XWH-08-02-0109 Behavioral Exposure for cognitive- Duty Military
Treatment of Primary Care behavioral
Combat-Related therapy for
PTSD in Primary PTSD in
Care Settings: primary care vs.
A Randomized wait list
Controlled Trial
Edna Foa Prolonged Prolonged Four-armed N =366 Active
WB81XWH-08-02-0111 Exposure for Exposure; RCT of spaced Duty Military
PTSD in OIF/OEF Present- (weekly) PE,
Personnel: Massed Centered massed (daily)
versus Spaced Therapy PE, present-
Trials centered
therapy (PCT),
or a minimal-
contact control
condition
Edna Foa 60- Versus Prolonged Two-armed N =140
W81XWH-15-1-0555 90-Minute Exposure RCT Active Duty
Prolonged noninferiority Military
Exposure trial
for PTSD: A
Randomized
Control Trial
in Active Duty
Military Personnel
Peter Fox Image-guided, Transcranial Double-blind N=119
W81XWH-13-2-0065 Robotically Magnetic RCT of (n=114
Delivered TMS for Stimulation image-guided, Active Duty
PTSD robotically Military; # = 5
delivered Veterans)
transcranial
magnetic
stimulation
versus sham
Steffany Fredman Multi-Couple Cognitive- Non- N=24
WB81XWH-13-2-0065 Group Behavioral randomized Couples
Intervention for Conjoint clinical trial of (n =17 Active
PTSD Therapy abbreviated, Duty Military;
intensive, n = 7 Veterans
multi-couple
group Cognitive
Behavioral
Conjoint
Therapy for
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Principal Project Title Interventions Project Research
Investigator/ DoD Description Participants
Award Number
John Krystal Ketamine for Ketamine RCT of 0.2 mg/ N =156
W81XWH-13-2-0065 Antidepressant- kg ketamine, (n = 54 Active
Resistant PTSD 0.5 mg/kg Duty Military;
ketamine, or n =102
saline placebo Veterans)
delivered twice
per week for
4 weeks
Brian Marx Decreasing Written Recruitment in Recruitment
WB81XWH-16-2-0003 Suicide Risk Exposure Progress target N = 140
among Service Therapy for Active Duty
Members with Suicide Military
Posttraumatic
Stress Using
Written Exposure
Therapy
Donald McGeary RCT of Cognitive Cognitive RCT of CBT for N=193(n=3
W81XWH-13-2-0065 Behavioral Behavior headaches, CPT, Active Duty
Therapy for PTS Therapy for Treatment as Military;
and Headache Headache Usual n =69
Cognitive Veterans)
Processing
Therapy
Carmen McLean A Randomized Prolonged Two-armed N =40 @37
W81XWH-14-1-0008 Clinical Trial Exposure; RCT of Web-PE Active Duty
of Internet- Present- versus PCT Military; 3
Delivered PE for Centered Veterans)
PTSD Therapy
Carmen McLean A Prolonged Open clinical N=34(2
WB81XWH-14-1-0008 Nonrandomized Exposure trial of Web-PE Active Duty
Trial of Internet- Military; 32
Delivered PE for Veterans)
PTSD
Candice Monson Individual Cognitive Two-armed N =116 (58
W81XWH-08-02-0115 Prolonged Behavioral RCT of Active Duty
Exposure Conjoint Cognitive Military;
versus Couples’ Therapy; Behavioral 58 Military
Cognitive- Prolonged Conjoint Spouses)
Behavioral Exposure Therapy versus
Therapy for PE
Combat-Related
PTSD
Alan Peterson Outcomes of Prolonged Nonrandomized N =12 Active
W81XWH-08-02-0109 PE and CPT Exposure; clinical trial of Duty Military
for Combat Cognitive PE and CPT
Operational Stress Processing delivered during
Reactions in Therapy amilitary
Deployed Settings deployment
Alan Peterson Clinical Cognitive Three-armed N =120
W81XWH-12-2-0073 Effectiveness Trial Processing RCT of (n =24 Active
of In-Home CPT Therapy In-Office, Duty Military;
for Combat- Telebehavioral n=96
Related PTSD Health, and Veterans
In-Home CPT
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Principal Project Title Interventions Project Research
Investigator/ DoD Description Participants
Award Number
Alan Peterson Project Remission: Prolonged RCT of 15 daily N=234
WB81XWH-13-2-0065 Maximizing Exposure Massed-PE (n =145
Outcomes with or Intensive Active Duty
Intensive PTSD Outpatient Military;
Treatment Program-PE n =144
sessions over Veterans)
3 weeks
Patricia Resick Group Cognitive Cognitive Two-armed N =108 Active
W81XWH-08-02-0116 Processing Processing RCT of group Duty Military
Therapy versus Therapy; CPT versus
Group Present Present- group PCT
Centered Therapy Centered
for Combat- Therapy
Related PTSD
Patricia Resick Individual versus Cognitive Two-armed N =268 Active
W81XWH-08-02-0116 Group Cognitive Processing RCT of Duty Military
Processing Therapy individually
Therapy for delivered CPT
Combat-Related versus group-
PTSD delivered CPT
Patricia Resick Variable-Length Cognitive Non- N =130
W81XWH-13-02-0012 CPT for Combat- Processing randomized
Alan Peterson Related PTSD Therapy clinical trial of
W81XWH-13-02-0013 variable-lengths
of CPT
Denise Sloan Brief Treatment Written Two-armed N =170 Active
W81XWH-15-1-0391 for PTSD: Exposure RCT comparing Duty Military
Enhancing Therapy WET versus
Treatment CPT
Engagement and
Retention
Daniel Taylor Treatment of Cognitive RCT of CPT, N=94(n=87
WB81XWH-13-2-0065 Comorbid Sleep Processing CPT followed by Active Duty
Disorders and Therapy; CBT-], or CBT-I Military; n =7
PTSD Cognitive- followed by CPT Veterans)
Behavioral
Therapy for
Insomnia

Notes: CBTi = Cognitive-Behavioral Thevapy for Insomnia; CPT = Cognitive Processing Therapy;

CAP = Consortium to Alleviate PTSD; DoD = Department of Defense; PTSD = posttraumatic stress disovder;

PCT = Present-Centered Therapy; PE = Prolonged Exposure; RCT = randomized clinical trial; STRONG

STAR = South Texas Research Ovganizgational Network Guiding Studies on Trauma and Resilience; WET = Written
Exposure Therapy.

Table 1.
Summary of STRONG STAR and CAP PTSD clinical trials.

from treatment with the Massed PE format (13.6%) as compared to the Spaced PE
format (24.8%), and there were fewer adverse events with the Massed PE format
(25.3%) as compared to the Spaced PE format (54.1%). These results provide strong
support for the compressed, Massed PE treatment format for active duty military
personnel; with close coordination with military leadership, it is much easier to
schedule and complete a full dose of treatment over a 2-week period as compared to
weekly treatment formats that often require 3—4 months to complete.
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The promising findings from the Massed PE arm of the study by Foa, McLean,
and colleagues [39] led to the funding of a Consortium to Alleviate PTSD (CAP)
project to further enhance the Massed PE treatment and to compare it to an
Intensive Outpatient Program based on PE (IOP PE). The CAP study [40] random-
ized 234 active duty service members and veterans to either 15 sessions of daily
Massed PE or IOP PE treatment over a 3-week period. The IOP PE arm included
eight enhancements to the Massed PE protocol that targeted many of the unique
aspects of combat-related PTSD. The enhancements included (1) a team-based
treatment approach, rather than relying on one therapist; (2) completion of daily
homework assignments at the clinic; (3) 15- to 30-minute, in-person feedback
sessions after daily homework assignments; (4) active involvement of the spouse
or other support person for in vivo exposures; (5) targeting the patients’ top three
most distressing traumas during imaginal exposure; (6) starting imaginal exposure
with the least distressing trauma and progressing to the most distressing trauma;
(7) abrief review of all other potentially traumatic events that occurred during pre-
vious deployments; and (8) the completion of three posttreatment booster sessions.
The final results of this study have not yet been published, but preliminary results
[41] indicate that both treatments resulted in large reductions in PTSD symptoms at
the conclusion of treatment, but only those randomized to the IOP PE maintained
the large treatment gains over the 6-month follow-up period. The reduction of
PTSD symptoms and maintenance of treatment gains with the IOP PE arm are
among the strongest treatment outcomes to date for combat-related PTSD.

Another adaptation of the standard, weekly, 90-minute outpatient format for
PE was a series of STRONG STAR studies designed to adapt PE for use in military
primary care clinics. The first project was a pilot study (IN = 24) to develop and test
an abbreviated PE protocol adapted for primary care (called PE for Primary Care)
consisting of four to six 30-minute treatment sessions conducted by a behavioral
health consultant embedded in an integrated primary care clinic. The results
showed that PTSD severity was significantly reduced and 50% of the patients no
longer met criteria for PTSD after treatment [42, 43].

The results of the pilot project were then used in a subsequent RCT in which 67
service members were randomized to receive the PE for Primary Care treatment or
a minimal contact control condition followed by treatment after 6 weeks [44]. The
results indicated that the immediate treatment group had large reductions in PTSD
severity as compared to the minimal contact control. Similar improvements were
found in the delayed treatment group when they received the PE for Primary Care
treatment, and the treatment benefits persisted through the 6-month follow-up
point for all participants. These finding suggest that an abbreviated version of PE
delivered in integrated primary care clinics is effective for the treatment of PTSD
and may help reduce barriers and stigma found in specialty care settings.

Another adaptation of the standard outpatient PE protocol was the development
of a web-based version of PE [45] to help improve accessibility of effective and
efficient evidence-based treatments for PTSD. Web-PE was first compared to in-
person Present-Centered Therapy in an RCT with 40 military personnel with PTSD
at Fort Hood, Texas. Due to recruitment challenges in the RCT, the efficacy of the
Web-PE treatment was then evaluated in an open trial with 34 service members and
veterans recruited nationwide. The results of the RCT showed that both Web-PE
and PCT significantly reduced interviewer-assessed and self-reported symptoms
of PTSD, with no significant differences between the groups and a medium effect
size for Web-PE [46]. The open trial of Web-PE showed significant reductions in
self-reported PTSD symptoms with a large effect size. These results suggest that
Web-PE is a potential alternative to standard, in-person PE, although the benefits
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in reducing PTSD symptoms are likely to be greater in patients who are specifically
seeking a web-based treatment.

A significant limitation of the outpatient version of PE for the treatment of
military personnel in garrison is that delivering the standard 90-minute PE ses-
sions is difficult in many military mental health settings. To address this challenge,
an RCT was conducted to evaluate the efficacy of 60-minute versus 90-minute PE
sessions [47]. The preliminary results indicate that the shorter sessions possess
equal efficacy, thereby increasing the potential feasibility of using the 60-minute
format in military mental health settings [48].

3.2.2 Cognitive Processing Therapy

The first study to evaluate the efficacy of CPT for the treatment of combat-
related PTSD in active duty military personnel treated in garrison included 108
active duty US Army soldiers treated at Fort Hood, in Killeen, Texas [49]. The study
was an RCT to compare group CPT to group Present-Centered Therapy (PCT).
Participants were randomized to attend twice weekly 90-minute group treatments
of CPT or PCT. The results indicated that both treatments resulted in large reduc-
tions in both clinician-administered and self-report measures of PTSD symptoms,
but the group CPT treatment resulted in larger reductions [49].

As a follow-on study to the group CPT versus group PCT, another RCT (N = 268)
was conducted at Fort Hood to compare CPT delivered in a group format to CPT
delivered in an individual format [50]. The study was designed as a noninferiority
trial and hypothesized that group CPT would function as well as individual CPT in
reducing symptoms. If proved true, group CPT would be more efficient to deliver
to a larger proportion of active duty military patients with the need for fewer
therapists. The results, however, did not support this hypothesis. Individual CPT
was found to be significantly more effective in reducing PTSD symptoms compared
to group CPT. The findings suggest that the effective treatment of PTSD with CPT
requires a focus on the specific traumas and related cognitions that are unique to
individual patients. However, even among those receiving individual CPT, approxi-
mately one-half still had clinically significant PTSD symptoms, indicating that
additional improvements are needed for existing treatments.

To address these concerns, a study was conducted modeled after a study con-
ducted with civilians that demonstrated treatment outcomes could be improved by
varying the number of CPT sessions based on patient response to treatment. The
study was conducted using a nonrandomized, within-group design treating 127
active duty military personnel [51]. Patients received variable-length CPT which
could end before 12 sessions or extend up to 24 sessions over 18 weeks if patient
and therapist agreed a good end state had been reached (PCL-5 < 19). The results
indicated that the variable-length CPT outcomes were superior to the previous
fixed-length CPT studies conducted with military personnel in proportion to diag-
nostic remission on the CAPS-5 (65% vs. 40%) and clinically significant symptom
improvement on the PCL-5 (76% vs. 46%) [52].

Another method to address some of the potential limitations of the standard
CPT protocol is to evaluate different delivery settings for CPT. To evaluate these
factors, an RCT was conducted to determine if CPT delivered face-to-face in a
patient’s home (In-Home CPT) or by telehealth to their home (Telehealth CPT)
would result in increased acceptability, fewer dropouts, and better outcomes
for service members and veterans than standard In-Office CPT [53]. This study
used an equipoise stratified randomization design in which participants could
opt out of one delivery modality and still be randomized to one of the other two.
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The results showed that 57% of participants declined one of the treatment arms
(In-Home = 30%; In-Office = 16%; Telehealth = 11%). However, dropout from
treatment was lowest when therapy was delivered In-Home (21%) as compared to
Telehealth (33%) and In-Office (44%) [54]. Significant reductions in PTSD symp-
toms occurred across all three treatments, and a remarkable 56% of participants
no longer met diagnostic criteria for PTSD at the end of treatment. Treatment
outcomes were better when patients received more treatment, and improvements
were considerably better when CPT was delivered In-Home or by Telehealth. An
additional advantage of the Telehealth CPT is that it reduced the average patient
and therapist time commitment by 50% as compared to the In-Office or In-Home
treatments. CPT delivered by telehealth is also an efficient and effective treatment
modality for PTSD in active duty military. This is an important scientific observa-
tion considering recent limitations to in-person care resulting from the COVID-19
pandemic.

Although CPT was designed for the treatment of PTSD related to sexual
assault in civilians, there is increasing evidence that it may also be helpful for
PTSD that is comorbid with other deployment-related disorders such as posttrau-
matic headache and insomnia. One CAP 3-armed RCT (N = 193) compared CPT,
Cognitive-Behavioral Therapy for Headache, and treatment as usual for veterans
and active duty service members with comorbid posttraumatic and PTSD symp-
toms [55]. The results indicated that, compared to treatment as usual, both CPT
and Cognitive-Behavioral Therapy for Headache reduced PTSD symptoms on the
PCL-5, but only Cognitive-Behavioral Therapy for Headache reduced headache
disability symptoms [56].

Furthermore, one CAP study evaluated the sequencing of treatment for comor-
bid PTSD and insomnia [57] in military service members and veterans (N = 94).
The RCT compared (1) 18 sessions of CPT alone, (2) 12 session of CPT followed by
6 sessions of Cognitive-Behavioral Therapy for Insomnia (CBT-I), or (3) 6 ses-
sions of CBT-I followed by 12 sessions of CPT. The preliminary results [58] suggest
that treatment sequencing matters and that there are greater reductions in PTSD
symptoms when CPT is used first and is followed by CBT-1. Conversely, improved
outcomes for insomnia occur when CBT-1 is used first and followed by CPT.

3.2.3 Cognitive-Behavioval Conjoint Therapy

Cognitive-Behavioral Conjoint Therapy (CBCT) [59] is a couples-based,
15-session, weekly treatment program to address both PTSD symptoms and
relationship functioning. Despite previous research to support the efficacy of
CBCT in civilian and veteran couples, the first RCT with active duty military
couples comparing CBCT to PE failed to replicate previous results [60]. One of the
primary challenges in conducting CBCT with military couples was that the military
work environment made it very difficult for both spouses to attend the proposed 15
treatment sessions, resulting in a high dropout rate. To address these challenges, the
treatment protocol was redesigned as an abbreviated, intensive, multi-couple group
version of CBCT in which the entire treatment protocol was delivered as a 2-day
weekend retreat [61]. The results of a nonrandomized clinical trial (N = 24 couples)
that included an active duty service member or veteran who had previously
deployed found significant reductions in both clinician-rated and self-reported
PTSD symptoms as well as significant improvements in relationship satisfaction.
However, the results are limited by the nonrandomized design used for this pilot
project. Additional research is needed comparing the abbreviated, intensive, multi-
couple group version of CBCT to an active comparison intervention.
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3.2.4 Written Exposure Therapy

One of the more recent developments to improve treatment efficacy and effi-
ciency for PTSD and decrease dropout rates is a 5-session treatment called Written
Exposure Therapy (WET) [62]. After almost 20 years of research with civilian
and veteran populations to investigate imaginal exposure in a written form, the
first RCT to treat service members in garrison was a 2-armed noninferiority RCT
(N =170) comparing WET to CPT [63]. The results indicated that the 5-session
WET protocol was equally effective as the 12-session CPT protocol. However, drop-
outs from treatment were significantly less for WET (24%) as compared to CPT
(45%). The results demonstrate that WET is an efficient method to treat combat-
related PTSD and results in fewer dropouts from treatment and may well represent
an important treatment improvement from a public health perspective (i.e., fewer
sessions needed and fewer dropouts).

The results of this initial WET study provided support for a follow-on study
to evaluate a modified version of WET targeting co-morbid PTSD symptoms and
suicidal ideations (WET-S) for service members hospitalized on a military psychi-
atric inpatient facility. Crisis Response Planning was added to the standard WET
protocol to address the suicidal ideations. Recruitment is ongoing for this study, but
preliminary results appear quite promising [64].

3.2.5 Medications and devices for the treatment of PTSD in military personnel

Although exposure-based cognitive-behavioral treatments have the largest
number of studies supporting the efficacy in treating PTSD, other approaches exist
and are promising. One CAP study was a double-blind RCT (NN = 119) comparing
20 sessions of image-guided, robotically delivered transcranial magnetic stimula-
tion (irTMS) to a sham TMS in service members and veterans hospitalized in a
private psychiatric facility in San Antonio, Texas [65]. The treatment for PTSD was
delivered to the right dorsolateral prefrontal cortex, an area related to the neural
circuitry for stress and anxiety disorders. The preliminary results indicated that
there were greater PCL-5 score reductions for active irTMS than for sham at every
assessment time point.

Another CAP study was the largest RCT to date to evaluate ketamine for
antidepressant-resistant PTSD in 156 service members and veterans randomized
to 0.2 mg/kg ketamine, 0.5 mg/kg ketamine, or saline placebo delivered twice per
week for 4 weeks [66]. The preliminary results indicated that there were no statisti-
cally significant differences in reductions in PTSD among any of the treatment
arms; however, there were significant reductions in depression with the higher dose
of ketamine. More data analyses are ongoing to more fully understand the impact of
ketamine treatment for combat-related PTSD.

4. Summary and conclusions

Over the past decade, the STRONG STAR Consortium and the Consortium to
Alleviate PTSD successfully completed 20 clinical trials to evaluate various treat-
ment interventions for combat-related PTSD in active duty military personnel.
These studies documented that combat-related PTSD can be effectively treated in
military personnel, with up to 80% having significant reductions in their PTSD
symptoms and about one-half no longer meeting diagnostic criteria for PTSD
at the end of treatment. Importantly, a clinical case series demonstrated that
trauma-focused treatments to address combat operational stress reactions and
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combat-related PTSD can be successfully delivered in the military combat theater
[33, 34]. Several studies presented above successfully adapted PE for military
populations in various ways to improve access, reduce dropout, and enhance
outcomes. These include shortening the time between sessions [39, 40], reducing
the number of sessions [42-44], providing web-based treatment [46], reducing the
length of sessions [47], and conducting intensive weekend retreats for couples [61].
Similarly, a variable length CPT protocol successfully treated active duty military
with improved outcomes [51] and demonstrated efficacy in multiple in-person or
telehealth settings [54]. A study showing individually delivered CPT to be more
efficacious than CPT delivered in a group format [50] has important implications
for health care delivery in both military and VA facilities. Studies of the treatment
of comorbid posttraumatic headache [56] and insomnia [58] showed that CPT can
be successfully paired with other treatments to improve outcomes. A pilot study of
conjoint treatment for military couples using a weekend retreat format shows great
promise for reducing PTSD symptoms as well as enhancing relationship satisfac-
tion [59]. Finally, WET, a 5-session written exposure treatment, has been shown to
treat service members in garrison as successfully as a 12-session CPT but with lower
dropout [63]. Despite these important advances, there remains a critical need for
research to further improve upon the assessment, diagnosis, treatment, and preven-
tion of PTSD and comorbid conditions in service members and veterans.

Findings from multiple clinical trials have now demonstrated combat-related
PTSD can be effectively treated in active duty service members and veterans, but
there are additional challenges in the treatment of these populations as compared
to many civilian traumas. The assessment and treatment approaches for these
conditions must be adapted and tailored for the unique aspects of combat-related
traumas and for PTSD that is complicated by one or more of the most common
comorbid conditions including TBI, sleep disorders, substance use disorders,
chronic pain, and risk for suicide. Clinical trials are also needed to further evaluate
the combination of cognitive-behavioral therapies with medications and medical
devices. In addition, brief interventions that can be administered soon after trauma
exposure in far-forward combat locations need to be evaluated as methods to
prevent the onset of chronic PTSD.
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Abstract

Post-traumatic stress disorder (PTSD) is a serious mental health concern
worldwide among civilians and military personnel. Gaps in our understanding of its
biological basis create significant obstacles for accurate diagnosis and assessment of
therapeutic interventions. In light of this, investigation of biological factors associated
with possible molecular cues of inflammation or neuroimmune disorders, could pro-
vide new surrogate markers for PTSD or PTSD treatment response. Analyses to date
in deployed military personnel have suggested that sets of chemokines may be useful
as biomarkers for PTSD acquired in military operations. Specifically, studies to date
suggest that CCL2, CCL15, CCL22, CCL25, CXCL2, and CXCL12 are associated with
PTSD onset, while CCL13, CCL20, and CXCL6 are correlated to PTSD risk; CX3CL1
are associated with resilience; CCL3; CXCL11, and CXCL16 are associated with stress
response. CCL11, CCL13, CCL20, and CCL25 are correlated with the severity of PTSD
symptoms. This chapter reviews the current understanding of potential chemokine
markers for PTSD, and the potential chemokines associated with PTSD onset, risk,
resilience, as well as stress responses in service members. Although the proposed
biomarkers require further validation, these findings may lead to additional knowl-
edge for the education and development of diagnostic and therapeutic approaches for
PTSD, not only benefiting military personnel, but civilians as well.

Keywords: Post-traumatic stress disorder, PTSD, cytokine, chemokine, biomarker

1. Introduction

Post-traumatic stress disorder (PTSD) is a stress related disorder. Its lifetime
prevalence in U.S. general population is about 7% to 9% and the point prevalence
of PTSD in combat veterans is 17% [1]. During the Iraq and Afghanistan Wars,
the point prevalence was significantly increased in the military population. About
10-18% of service members manifest probable PTSD following deployment
(https://www.ptsd.va.gov/public/PTSD-overview/basics/how-common-is-ptsd.
asp). The neuropsychological impairments of PTSD can be debilitating, and
significantly affect mental and physical function. Cognitive-behavioral psycho-
therapies are used to treat patients [2-4]. There are only two US Food and Drug
Administration (FDA) approved medications for PTSD, sertraline and paroxetine,
which are selective serotonin reuptake inhibitor antidepressants [5]. However, their
therapeutic efficacy is not sufficient in some patients. Moreover, the molecular
mechanisms underlying PTSD remain largely unknown. Presently, PTSD diagnosis
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is based on clinical history, mental status, symptom duration, and symptom
checklists or patient self-reports and lack of objective biomarker tests. To begin
early intervention, objective diagnostic approaches are needed. Progress is being
make [6]. Thus, a diagnostic biomarker test in the early stage or a treatable stage of
the disorder would be beneficial for physicians and patients.

Biomarker research has been incrementally translated into clinical applications
and has provided the necessary platform for development of novel therapeutic [7]
and diagnosis approaches. One emerging area in PTSD research is the association
studies regarding central nervous system (CNS)-specific immune proteins such as
cytokines and chemokines. Several studies have demonstrated that cytokines play a
role in brain development and function, and affect the neural circuits and transmit-
ters within the brain, causing changes in behavior. The levels of pro-inflammatory
cytokines such as interleukin (IL)-1, IL-6, tumor necrosis factor (TNF)-alpha,
and C-reactive protein (CRP), are linked to stress related disorders such as major
depression [8] and PTSD.

The association of PTSD with a pro-inflammatory activation of the immune
system may contribute to accelerated aging [9]. PTSD has shown an association
with aging, cardiovascular disease [10] autoimmune disorders and dementia [11].
In this chapter we review the reports from the translational studies about chemo-
kines in PTSD of military service members. The translational research provides
not only a better understanding of the molecular mechanisms of the devastating
stress—related disorders, but also the knowledge for developing a possible diagnostic
approach beneficial to both civilians and military service members.

2. Cytokine and stress-related disorders, PTSD and depression

Substantial evidence demonstrates that PTSD is associated with cytokine
dysfunction. For example, patients with PTSD have higher serum cytokine concen-
trations than those without PTSD in anti-CCP positive rheumatoid arthritis (RA)
subjects [12]. PTSD has significantly higher levels of interleukin (IL)-1p, IL-6 and
tumor necrosis factor (TNF)-a peripheral blood mononuclear cells (PBMCs). The
elevated levels are also associated with PTSD symptom severity [13].

Increased levels of cytokines may activate some neurotransmitter pathways
reducing growth factor concentrations while producing changes in monoamines,
glutamate, and other peptide transmitters. The cytokines themselves may be the
result of environmental factors or psychiatric stress such as trauma during child-
hood, current stress, sleep disorder. Chronic stress results in upregulated cytokines,
which dysregulate the neurotransmitter and cellular signal transduction leading to
depression and other diseases [14]. Cytokines are able to go through the brain-barrier
[15] Peripheral cytokine levels may reflect central action and be associated with
symptoms of depression and anxiety [16]. Depressed patients without medical illness
and who respond poorly to antidepressants have higher circulating inflammatory
cytokine levels. Their traumatic childhood experiences may play a role in their later
chronic inflammation and depressive condition. The association of pro-inflammatory
cytokines with degenerative processes indicates that depressive disorders may have or
enhance analogous functions in the systemic immune system [17, 18].

3. PTSD and chemokines in service members

A recent study found that chemokines, a family of small cytokines [19] were
associated with stress-related disorders including PTSD [12, 20]. Chemokines
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are chemotactic factors regulating the migration of peripheral immune cells — an
action, likely relevant to the pro-inflammatory cascades [19]. In addition to che-
motaxis, chemokines potentiate and activate peripheral immune cells to direct the
pro-inflammatory activation state, contributing to the neurodegenerative and pro-
apoptotic cascades often seen in depression and Alzheimer’s disease [21-24]. For
example, CXCL11 is associated with aging-related impairment, including impair-
ment of hippocampal neurogenesis, learning and memory [25]. Early evidence
suggests novel non-immune and CNS-specific mechanisms of chemokines, includ-
ing neuromodulation, neuroendocrine regulation, and direct neurotransmitter-like
actions [26-28]. Moreover, an animal study shows that chemokine receptor (CCRS,
CCR7, CXCR5) knockout mice demonstrate psychiatric- and neurobiological- like
behaviors [29-31].

Chemokines regulate leukocyte migration and positioning though their recep-
tors, which are expressed on the target cell surface [32]. Their molecular weight is
8-13 kDa. Their receptors are typical G protein-coupled transmembrane proteins,
which may bind multiple ligands with variable affinity [19, 33]. There are about 44
chemokines, which are categorized into four different families (CC, CXC, CX3C,
C) according to their biological behavior and structure. They regulate intracellular
signaling leading to increased intracellular calcium [34] and may directly interact
with G-protein-coupled receptors [35]. They also regulate the release of pro-
inflammatory mediators and control of T-helper (Th)-1/Th-2 phenotypic polariza-
tion [33, 36]. Their receptor expression is observed in the brain [37-40]. Certain
chemokines, such as CCL2, CCL3, CCL19, CCL21, CXCL8, CXCL12, and CX3CL1,
are expressed under physiological conditions [40], while other may be expressed
and upregulated in response to injury or inflammation.

The diversity of accordance and severity of PTSD symptoms following expo-
sure to traumatic events has been a challenge for PTSD research. The mechanism
underlying the diversity of PTSD symptoms with the passage of time involves a
complicated course including stress response and resilience. This perspective has
important implications for chemokine marker research, which is related to not only
the underlying PTSD pathology, but also the dysregulation and abnormalities of
immune function following exposure to traumatic stress. Recently, a prospective
cohort study (paired and non-paired, pre- and post-deployment design) found
[41] seven dysregulated chemokines biomarkers for PTSD, including 5CC (CCL2,
CCL15, CCL23, CCL22 and CCL25,) and 2 CXC (CXCL2 and CXCL12), five pos-
sible PTSD risk markers, four stress response markers and one resilience marker
(Figure1).

As disease biomarkers for PTSD, 5CC (CCL2, CCL15, CCL23, CCL22 and
CCL25,), and 2 CXC (CXCL2 and CXCL12) have been found dysregulated. Among
them, CCL2, CCL22, CCL15, and CXCL2 were significantly upregulated, while
CCL25 and CXCL12 were downregulated, in subjects with PTSD.

Considering stress response, potential chemokine markers response include
CCL3 and CXCL5 which have been shown to be downregulation, while the mark-
ers CXCL 11 and CXCL16 have been shown to be up-regulated. Moreover, as risk
markers for PTSD, CCL13, CCL23 and CXCL6 levels were lower pre-deployment in
solders who developed PTSD than in control pre-deployment. But, CCL20 was sig-
nificantly higher in the case of pre- deployment than in the control pre-deployment
soldiers. Differences of CCL23 levels were also identified between PTSD pre-
deployment and PTSD post-deployment, indicating there is an overlap of CCL23
dysregulation among the control, non-PTSD, case control and case. Therefore, it
may be a “sticky” marker for subjects at PTSD risk or with PTSD.

CX3CL1 has been identified as a possible resilience marker (comparing the
levels of chemokines between PTSD at post-deployment and non-PTSD of
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Disease

CCL2, CCL15
CCL22, CCL25
CXCL2, CXCL12

Resilience

CX3CL1

Figure 1.
Venn diagram showing potential chemokine markers for PTSD occurrence, risk, and resilience, as well as stress
response. The overlap of two potential chemokine markers (CXCL5 and CCL23) is also shown.

post-deployment). CX3CL1 was not significantly different between controls at
pre-deployment and controls at post-deployment. The data indicate that although
deployment resulted in an up-regulation of CX3CL1 in soldiers with PTSD prior
to deployment (case pre- vs. case post-), it did not alter the basal levels of CX3CL1
in non-PTSD controls (control pre- vs. control post-). Therefore CX3CL1 may be a
potential resilience marker [20].

The four subgroups of chemokines are listed in Table 1: CXC, CC, CX3C and C.
There are two adjacent cysteines (amino acids), near their amino terminus in the
CC chemokine (or p-chemokine) proteins. The two N-terminal cysteines of CXC
chemokines (or a-chemokines) are separated by one amino acid, represented in
this name with an “X”. Unlike all other chemokines C chemokines have only two
cysteines; one N-terminal cysteine and one cysteine downstream. A fourth group
CX3C has three amino acids between the two cysteines. CX3CL1 is only CX3C
chemokine discovered. It is a chemoattractant and serves as an adhesion molecule.
Table 1 shows the summary of subgroup of chemokines which are potential mark-
ers for PTSD: onset, risk and resilience as well as stress response. Figure 2 demon-
strates subgroups of chemokine as different markers. These results warrant further
systematic analytical and clinical validation research.

Dysregulation of the immune system in the stress response has long been
considered a remarkable abnormal physiologic process in PTSD and stress associ-
ated disorders in service members and veterans [42, 43]. For example veterans
coming back from the Gulf War have been reported to be more likely to suffer from
rheumatism [44], sarcoidosis and multiple sclerosis suggesting that immunologi-
cal changes may be involved in the occurrence and maintenance of PTSD (https://
www.livescience.com/8916-battle-7-health-problems-facing-veterans.html).
Cytokine/chemokine biomarkers have also been specifically associated with Gulf
War Illness (GWI) in military population [45-47]. In a provocative study of PBMCs
of chronic fatigue syndrome (CFS) subjects, over 60% of the CFS patients had DNA
from a human gammaretrovirus, xenotropic murine leukemia virus-related virus
(XMRYV) while only 3.7% were identified in controls. Moreover, patient-derived
XMRYV was infectious [47], indicating it is possible that XMRV may be a contribut-
ing factor in the immune responses or pathogenesis of CFS. In addition, it has also
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Markers PTSD Stress response PTSD risk Resilience
Chemokines
cc CCL2 CCL3 CCL13

CCL15 CCL20

CCL22 CCL23

CCL23

CCL25
CXC CXCL2 CXCL5 CXCL5

CXCL12 CXCL11 CXCL6

CXCL16
CX3C CX3CL1
C
Table 1.

Summary of subgroups of potential chemokine markers for PTSD, PTSD risk and resilience, as well as stress
response.

FID Stress PTSD Risk
Resilience

=CC =CXC =CX3C =c

Figure 2.
Distribution of subgroups of chemokines as different markers as found in our previous study. Findings suggest
that 15 out of 40 chemokines ave differentially associated with PTSD, PTSD risk, stvess-responses and resilience.

been reported that GWI patients had higher lymphocyte, monocyte, neutrophil,
and platelet counts compared with controls. The six serum proteins of inflamma-
tion were also significantly different from controls including C reactive protein
[45]. The results suggest that inflammation is a component of the pathobiology of
GWTI in the veterans.

Some studies have suggested that the risk of autoimmune disorders in PTSD
is higher in psychiatric subjects than in those with no psychiatric diagnosis [48].
Interferons (INF)s, interleukins (ILs), lymphokines, tumor necrosis factor (TNF),
which are often altered in response to an immune stimulus are involved in regula-
tion of immunity and inflammation [9-11]. PTSD may have higher levels of certain
cytokines (IL-2, IL-4, IL-6, IL-8, IL-10 and TNF-a) than age- and gender-matched
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healthy controls, suggesting a generalized inflammatory state in PTSD [49].
Experimental endotoxin injection up-regulates plasma IL6, IL-10, and TNF-a,
which has been associated with depression-like symptoms often seen in PTSD [50].
However, the results of cytokine levels in PTSD are mixed. While some reports
show that PTSD patients had higher levels of IL-1p [51], IL-6, and TNF-« in the
plasma [52], other reports no significant difference in levels of IL-1p [53] and IL-6
[53, 54] and IL-8 [54] between PTSD and controls [55]. These inconsistent findings
may be partially attributable to variation of study subjects including differences

of traumatic events (e.g. childhood vs. adulthood), the trauma duration (e.g. Life
time vs. current), samples from different population (general population vs. service
members), differences of geography and treatment (with or without), and testing
approaches (ELISA vs. Western blot, and blood vs. saliva or CSF).

In our recent chemokine study, we used a prospective study design and collected
PCL scores and blood samples from US soldiers pre- and post-deployment (pre-,
post-) to a war zone during the Iraq and Afghanistan. We examined multiple (40)
chemokines using luminex assay (a high-throughput biochip). All subjects expe-
rienced deployment to the war. The controls were not only self- but also age- and
sex-matched. All subjects were at the same location (Guam) and was also Reserve or
National Guard who had no medication. Our hypothesis we tested was that deploy-
ment stressful life events area associated with PTSD and chemokine/cytokine
biomarkers. Potential disease markers, the blood chemokines, showed significant
differences between PTSD cases pre- and post-; different basal levels of blood
chemokine between non-PTSD control pre- and PTSD cases pre- being the risk
markers for PTSD; different chemokine levels between non-PTSD controls pre- and
non-PTSD controls post- may be possible stress response markers, and the differ-
ences between PTSD cases post- and non-PTSD controls post representing possible
markers for resilience.

In recent years, cytokine detection and quantification has served as an impor-
tant tool in biomarker research due to the capacity of simultaneous measurements
of multiple cytokines in a single run in a small sample size. Simultaneous measure-
ments of multiple blood cytokines provide an experimental strategy resolving
complex interactions among signaling molecules to obtain a pattern of numerous
cytokines within an experiment. It may also provide a more inclusive and compre-
hensive depiction of the association of cytokines with PTSD. It appears to be better
than conventional assays such as ELISA, which measures individual cytokine only
[20]. In addition, a prospective research design is important [41]. These factors
make the study of chemokines/cytokines more significant for determining (their
association with PTSD).

4. Concluding remarks

Although studies show cytokines and chemokines are associated with stress-
related conditions, such as depression and PTSD particularly in the military popula-
tion, the results sometimes are inconclusive. The study of chemokine biomarkers
for PTSD is still in its early stages. Current studies suggest there is an excess of
inflammatory action of the immune system in PTSD, which is linked to PTSD vul-
nerability. It is possible that dysregulation of cortisol plays an important role in this
excessive inflammation. Moreover, accumulating evidence both at the bench and in
the clinic indicate that dysregulated chemokines are potential molecular targets for
diagnosis and treatment of PTSD. Potential chemokine biomarkers associated with
PTSD onset, risk and resilience as well as other stress responses have been identi-
fied in military population (Figure 1). Translational research in service members

30



Chemokines as Potential Biomarkers for PTSD in Military Population
DOI: http://dx.doi.org/10.5772/intechopen.96133

leads some support to the idea that altered chemokine expression may contribute
to PTSD pathophysiology. This may in turn provide an opportunity to identify
chemokine biomarkers not only for PTSD onset, risk, and resilience, but also other
stress-responses as well.
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Chapter 4

Combat Casualty Care for
Children; Peculiarities, Problems,
and Provisions

Sunil Jain

Abstract

Armed Forces doctors are often required to treat children affected in war, combat,
and disasters. Tender care & comprehensive tact is needed for children. Acquisition
of these qualities comes with knowledge, its application, and practicing skills.
Throughout history, children have been victims of armed conflict. War-related inju-
ries are more severe as compared to the civilian sector injuries. Penetrating injuries
are associated with significant damage to local structures, whereas blast injuries are
associated with less local injury and more multisystem trauma. Children are not small
adults. The differences have important practice implications. Identifying and
correcting physiological compromise improves outcomes. The examination and vital
sign data can be interpreted only if the caregiver has a thorough understanding of
normal values. Identification & treatment of what is killing the patient is done in
primary survey. Secondary survey, extremity trauma, fracture biomechanics, &
burns peculiarities need attention. Care of the injured patient is a dynamic process.
Frequent monitoring required for proper response. Small infants have a narrow
margin for error. Combat trauma provides multiple opportunities for improvement.
Continuation of research will ensure ongoing progress and further improvement in
the outcomes of both military and civilian casualties.

Keywords: pediatric, combat care, multiple trauma, battlefield resuscitation,
transfusion protocols, burns

1. Introduction

The scenario & statistics are highly suggestive of the need for heightened pro-
fessionalism in treating children affected in war, combat, and disasters. Armed
Forces doctors are often required to treat these children.

Throughout history, children have been victims of armed conflict. War-related
injuries tend to be more severe as compared to the civilian sector [1]. In children
combat-related injuries have a higher mortality than noncombat injuries or other
admissions [2].

The primary mission of the Armed Forces field hospitals deployed in support of
combat operations is “The care of its injured troops”. However they often provide
care to civilians including pediatric patients [3]. Children are treated for combat
injuries and also non-combat conditions on humanitarian grounds.

The reported workload of children treated in Armed Forces field hospitals
recently ranged from 4-25% in various studies [4-7]. A study of pediatric casualties
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treated in U.S. and coalition military hospitals in Iraq and Afghanistan has reported
that majority require intensive care [8].

Tender care & comprehensive tact is needed for children. Acquisition of these
qualities comes with knowledge, its application, and practicing skills. Experiences
from recent wars and disasters have highlighted the surgeons’ increasingly crucial
role in these scenarios. Surgeons should attend Advanced Trauma Life Support
(ATLS) programme which covers trauma in children [9]. Matos et al have
commented that “Providing forward-deployed medical staff with training in the acute
cave of young children with severe traumatic injuries may improve outcomes in this
population” [10].

The Committee on Tactical Combat Casualty Care (TCCC), Joint Trauma System,
U.S. Army Institute of Surgical Research has commented “TCCC has taken a leader-
ship vole in advocating for battlefield trauma care advances” [11]. TCCC is essentially a
set of best-practice guidelines of pre-hospital trauma care customized for use in the
battlefield. It includes (i) tourniquets and hemostatic dressings: aggressive use to
control life-threatening external hemorrhage; (ii) fluid resuscitation: improved pro-
tocols and techniques for casualties in hemorrhagic shock; (iii) airway positioning
and surgical airways: increased emphasis on these to manage the traumatized airway;
(iv) battlefield analgesia: faster, safer, and more effective; (v) intra-osseous vascular
access: increased use when needed; (vi) battlefield antibiotics; (vii) good medicine
with good small-unit tactics combination [11]. The good of small victims — the
children, can be greatly done with good understanding and the elaboration done
below of pertinent specific challenges and professional special care.

2. Anatomical and physiological peculiarities
2.1 Adults vs. children

* Children are not small adults. Their anatomy and physiology is different. The
differences have important implications for surgical practice.

¢ Children are more prone to multiple trauma [12]. This is logical given the same
damaging force and small body size. Further the smaller body size in children
results in a greater force applied per unit surface area (in blast injuries) /weight
(in penetrating injuries). The energy is transmitted to a body with less fat, less
connective tissue, and an immature skeleton; therefore injuries to multiple
organs are more frequent.

* Pediatric airway is not a miniature replica of adult airway. It has different
anatomy with regards to proportion and angulation. In pediatric population,
epiglottis is large, floppy and omega-shaped. It makes an angle of 45° with the
base of tongue. At birth, larynx is situated opposite to the lower border of C4
vertebra. It descends to C4-CS5 interspace by the age of 3 years and finally
descends to lie opposite to the body of CS5. Importantly, the tonsils and
adenoids appear in the second year of life and generally reach their largest size
by 4-7 years, posing a risk of obstruction [13].

* Children are more susceptible to hypothermia. In children the surface area to
body volume ratio is high. They have less subcutaneous fat, immature
vasomotor control, and greater heat loss from pulmonary evaporation. This
results in a higher thermal energy loss, necessitating guarding against
hypothermia.
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2.2 Injury patterns

* Children are commonly injured and sustain more severe injuries [14]. Young

pediatric patients (ages <8 years) compared with older pediatric and adult
patients have been reported to have increased severity of injury, as indicated
by decreased Glasgow Coma Scale score; increased incidence of hypotension,
base deficit, and serum pH on admission; red blood cell transfusion
requirements; and increased injury severity scores on admission [10].

Penetrating injuries are associated with significant damage to local structures,
whereas blast injuries are associated with less local injury and more
multisystem trauma [15].

Young children have relatively large heads with immature neck musculature.
This results in more susceptibility to cervical spine injury caused by the fulcrum
effect in the C1-C3 area. Children under age 8 years are also susceptible to
SCIWORA (spinal cord injury without radiographic abnormality).

A child’s chest wall is relatively pliable, therefore less force is absorbed by the
rib cage & more is transmitted to the lungs. This makes pulmonary contusions
frequent in children with blunt chest trauma. Children have more mobile
mediastinal structures. Thus, a tension pneumothorax can shift the
mediastinum causing respiratory & cardio-vascular compromise. It should
always be considered in hypotensive-hypoxic child. It should also be noted that
in children the thorax is disproportionately smaller as compared to the cranium
and abdomen, hence if thoracic trauma is present one must assess the entire
patient to rule out Traumatic Brain Injuries and abdominal injuries

Infants & small children have a wider abdomen, a broader costal margin & a
shallower pelvis. This makes liver, spleen & bladder trauma more common. In
children the smaller & more pliable ribs offer less protection than those in
adults. The spleen & liver are the organs most vulnerable to injury from blunt-
or penetrating-force trauma.

2.3 Physiological parameters

37

* Identifying and correcting physiological compromise improves outcomes.

* Physiologically Total Body Water (TBW) as a percentage of body weight varies

with age. TBW is 75% of body weight in a term infant. In the first year of life TBW
decreases to approximately 60% of body weight and remains at this level until
puberty. At puberty TBW changes are different in females and males. The fat
content of females increases more than that of males. Males acquire more muscle
mass than females. Fat has very low water content and muscle has high water
content. Hence by the end of puberty, TBW remains at 60% in males, but in
females it decreases to approximately 50% of body weight. Also the high fat content
in overweight children causes a decrease in TBW as a percentage of body weight.

Body weight is a critical measurement in children, because this is a major
determinant of fluid balance and drug doses. At the turn of the century a
peacetime study reported that incorrect recording of patient weights leading to
an incorrect medication dose is a common cause for medication errors in the
pediatric emergency department [16]. Estimation methods are useful in
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emergencies. A Tactical Combat Casualty Care oriented Broselow tape relates a
child’s height as measured by the tape to his/her weight to provide medical
instructions. These include medication dosages, the size of the equipment that
should be used, and the level of shock voltage when using a defibrillator.

* Vital signs are vital in detecting and assessing physiologic instability. These
vary with age, & normal are:

Age Heart rate (beats/minute) Blood pressure (mm Hg) Respiratory rate
(breaths/min)
Premature 120-170 55-75/35-45 40-70
0-3 mths 100-150 65-85/45-55 35-55
3-6 mths 90-120 70-90/50-65 30-45
6-12 mths 80-120 80-100/55-65 25-40
1-3yrs 70-110 90-105/55-70 20-30
3-6 yrs 65-110 95-110/60-75 20-25
6-12 yrs 60-95 100-120/60-75 14-22
12 yrs 55-85 110-135/65-85 12-18

Practical principles of use:

* child’s respiratory rate should not be >60breaths/min for a sustained period;
* normal heart rate is 2-3 times normal respiratory rate for age; and

* pediatric blood pressure simple assessment: the lower limit of systolic blood
pressure should be:
>60 mm Hg for neonates;
>70 mm Hg for 1 mo-1 yr. olds;

>70 mm Hg + (2 x age) for 1-10 yr. olds; and
>90 mm Hg for any child older than 10 yr.

Values not meeting these criteria are pathological.

* The examination and vital sign data can be interpreted only if the caregiver has
a thorough understanding of normal values.

* All deviations from these physiological norms are pathological and need to be
suitably corrected.

T

©5"

3. Battlefield resuscitation

b &)

The principles of ATLS should be followed. The philosophy of this is to identify
& treat what is killing the patient in the primary survey. In the secondary survey
one should proceed to identify all other injuries.
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The trend evolving lays stress on correcting the physiological derangement,

with surgical intervention restricted to stopping any active surgical bleeding &
controlling any contamination.

3.1 Primary survey

* This addresses the ABCDEs: airway, breathing, circulation, neurologic deficit,
& exposure of patient & control of environment.

3.1.1 Airway

* Optimizing oxygenation and ventilation while protecting the cervical spine
from potential further injury is of paramount importance. Any child with
multiple trauma should be suspected of having a cervical spine injury. Children
are at risk for such injuries because of their large heads, which augment
flexion-extension forces, and weak neck muscles, which predispose them to
ligament injuries. If it is necessary to open the airway, a jaw thrust without
head tilt is recommended. This procedure minimizes cervical spine motion.
During maintenance of the airway it is important not to overextend the neck as
this can lead to respiratory obstruction because of shorter neck and relatively
larger tongue in children.

3.1.2 Breathing
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* This should be assessed with the respiratory rate; visualizing chest wall
motion for symmetry, depth and accessory muscle use; and auscultating
breath sounds in both axillae. If breathing is inadequate, bag-valve-mask
ventilation with 100% oxygen must be initiated immediately followed by
endotracheal intubation. While intubating a child the following anatomical
peculiarities of the airway in children should be borne in mind: smaller; more
anteriorly placed, more difficult to visualize; and more prone to prone to
mucosal injuries, leading to subglottic stenosis. The formulas for selecting the
appropriate size ETT & its insertion are:

Uncuffed ETT size (mm) = (age in yrs/4) + 4
Cuffed ETT size (mm) = (age in yrs/4) + 3.5
ETT depth (from lip to mid-trahea) = ETT internal diameter (size) x 3

* In the field, competent bag-mask ventilation may be preferable. Endotracheal
intubation should be performed only by skilled providers.

A view from the history

* A substantial amount of medical and surgical progress has emanated from
experiences in the battlefield. Sir Ivan Whiteside Magill developed the
endotracheal tube during the First World War to facilitate plastic surgery
around the mouth. It is pertinent to quote here:

“Necessity is the mother of invention, but for the Armed Forces
Adversity is the mother of all improvisations, innovations and inventions”.
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* Further dealing with pediatric patients in the battlefield, which is even more

challenging task, should lead to more improvisations, innovations and
inventions.

27 \Very
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3.1.3 Circulation
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* In children rapid thready pulse is a more reliable and earlier warning sign than

a fall in blood pressure. More subtle signs need to be looked for early diagnosis.
These are weakened or loss of peripheral pulse, reduced capillary refill, mottled
pale skin, cooled extremities, reduced pulse pressure and changes in
mentation.

Blood pressure remains normal in early shock, as body compensates by
increase in heart rate and peripheral vascular resistance. Blood pressure
declines with loss of more than 25% of the blood volume. For a child weighing
10 kg this is only 200 ml! (20 ml/kg). With losses >25% hypotension ensues.
Hypotension is a late and ominous sign of hypovolemic shock.

Intravenous (IV) access is important and the quickest way to achieve is
cannulating a larger vein, such as an ante-cubital vein. In a severely injured
child, a 2nd catheter should be placed within the first few minutes of
resuscitation. If IV access proves difficult readily and rapidly, an intra-osseous
catheter is next option. All medications and fluids can be administered intra-
osseously. Cooper et al have used this effectively in combat casualty care. They
used IO needles to administer fluid (crystalloid, packed red cells and fresh
frozen plasma) and drugs (analgesics, cardiac arrest drugs, antibiotics, drugs
for both rapid sequence induction and maintenance of anesthesia) [17]. Next
alternatives include central venous access using the Seldinger technique
(femoral vein) or surgical cutdown (saphenous vein).

A portable ultrasonic device may be of great help in locating and cannulating
veins, especially those of the neck and groin.

Patients with on-going hemodynamic instability require prompt intervention.
In shock, early aggressive intravenous fluid resuscitation is essential to prevent
further deterioration. Isotonic crystalloid solution- Ringer lactate or normal
saline (20 ml/kg) should be infused rapidly. If necessary, crystalloid boluses
should be repeated. Most children stabilize with administration of crystalloid
solution alone. However if patient remains in shock after boluses totaling
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40-60 ml/kg of crystalloid then 10-15 ml/kg of cross-matched packed red
blood cells should be transfused. Early initiation of massive transfusion
protocols (including fresh-frozen plasma) prevents coagulopathy. If shock
persists despite these measures, surgery to stop internal hemorrhage is usually
indicated.

Frequent monitoring required for proper response. Small infants have a narrow
margin for error.

Severe combat injuries frequently require massive transfusion of large volumes
of blood products. Experience from numerous military accounts in Iraq and
Afghanistan indicates that patients receiving equal or near equal ratios of
packed red blood cells to fresh frozen plasma and platelets had increased
survival [18-21].

3.1.4 Neurologic deficit

In the primary survey, neurologic status is briefly assessed using by evaluating
the level of conciousness and determining pupil size and reactivity. Different
assessment and monitoring tool can be used. The level of consciousness can be
classified using the mnemonic AVPU: Alert, responsive to Verbal commands,
responsive to Painful stimuli, or Unresponsive, details at Table 1 [22]. The
Glasgow Coma Scale (GCS) is the most widely used method of evaluating
neurologic function, details of it and useful adaptation for children is at

Table 2 [23]. Unlike the GCS, the AVPU scale is not developmentally
dependent. The posture should also be looked at.

In head injuries the primary direct cerebral injury occurs within seconds of the
event and is irreversible. Secondary injury is caused by subsequent anoxia or ische-
mia. Our goal is to minimize secondary injury by ensuring adequate oxygenation,
ventilation, and perfusion, and maintaining normal intracranial pressure (ICP). A
child with Glasgow Coma Score of 8 or less, benefits from ICP monitoring and
should be intubated. Evaluation should be done for craniotomy.

3.1.5 Exposure and envivonmental control

Exposure is the final component of the primary assessment. This is performed
only after the child’s airway, breathing, and circulation are stable or have been
stabilized through simple interventions.

Exposure has to be efficient. Purpose is to assess for previously unidentified
injures. Care has to be taken that exposure in a cold environment does not
cause hypothermia and cardio-pulmonary instability.

A The child is awake, alert, and interactive with parents and care providers.
\% The child responds only if the care provider or parents call the child’s name or speak loudly.
P The child responds only to painful stimuli, such as pinching the nail bed of a toe or finger.
U The child is unresponsive to all stimuli.

Table 1.

AVPU neurologic assessment.

1
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EYE OPENING (TOTAL POSSIBLE POINTS 4)

Spontaneous 4
To voice 3
To pain 2
None 1

VERBAL RESPONSE (TOTAL POSSIBLE POINTS 5)

Older Children Infants and Young Children < 2 years

Oriented 5 Cooing/ Babbling/Appropriate words 5
Confused 4 Irritable cry 4
Inappropriate 3 Crying to pain 3
Incomprehensible 2 Moaning to pain 2
None 1 None 1

MOTOR RESPONSE (TOTAL POSSIBLE POINTS 6)

Obeys 6

Localizes pain

Withdraws

Flexion

N | W | & U

Extension

None 1

Table 2.
The Glasgow coma scale and adaptation for children.

* Temperature should be checked on arrival and monitored. If required warming

is done using overhead lamps or radiant heaters as well as heated blankets and
warmed intravenous fluids and blood.

3.2 The current concepts and future (35)
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* Care of the injured patient is a dynamic process. Combat trauma provides

multiple opportunities for improvement [24]. Hemorrhage remains the
primary cause of preventable death after trauma.

* Although literature is emerging regarding the benefits of permissive

hypotension, hemostatic resuscitation, and damage control surgery for adult
trauma patients, currently there is no pediatric data [25], and research needed
for review and refinements of our practices.

* Balanced massive transfusion (1, 1, 1 of fresh frozen plasma, packed red blood

cells, and platelets ratio) has not yet been demonstrated to have the same
mortality benefits in pediatric trauma patients as in adults. Similarly,
tranexamic acid (TXA) has strong evidence to support its use in adult trauma
and some evidence in pediatric trauma [26].

* Further research is required for use of balanced resuscitation, massive

transfusion, adjuncts such as tranexamic acid or factor VII in resuscitation in
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the pediatric trauma population. Technological advancements such as
hemoglobin-based oxygen carriers to increase survival should also be studied.

4. Provisioning

* An ideal first aid box that will suit all terrains, all ages, & all emergencies is yet
to be devised. However we should continue to improve our planning with our
experiences.

* Availability of necessary equipment is a vital part of an emergency response. If
in military medical appreciation treating children is anticipated then medical
equipments mentioned in Table 3 should be included. An appreciation of a
situation, whether written, verbal or mental, is a logical process of reasoning &
analysis leading to the best course of action. Table 4 gives details of Pediatric
Resuscitation Medications & doses. Recognition of the potential for pediatric
casualties is required to facilitate appropriate planning, training & equipping
of medical units deployed on future operations [27].

* Systematic planning for scientific practice should be done

A4
e (15

* The resuscitation cart or kit should be checked regularly, for presence and
functionality of its components. Out-dated medications, a laryngoscope with a
failed light source or an empty oxygen tank represents a catastrophe in a
resuscitation setting.

* Matos et al have commented that “Providing forward-deployed medical staff with
paediatric-specific equipment for the acute care of young children with severe
traumatic injuvies may improve outcomes in this population” [10]. This comes
from their observations of increased mortality rates of young children with
traumatic injuries at a US army combat support hospital.

* Another area of concern is peri-operative and subsequent care provisioning.
Both emergency and elective surgeries are performed. Neff et al have
commented “Elective paediatric surgical care in a forward deployed setting is

feasible; however, limitations in resources for perioperative care and rehabilitation
mandate prudent patient selection particularly with vespect to procedures that

require prolonged post-operative care” [28].
'y

f
Vi
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e
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Storage cart for equipment/materials

Airway equipment Low pressure suction device, Yankauer tonsil tip suction, bulb syringe, suction catheters
sizes 5-16F

Oropharyngeal airways (sizes 00-5)

Nasopharyngeal airways (sizes 12-30F)

Magill forceps (pediatric, adult)

Nasogastric tubes (sizes 6-14F)

Laryngoscope handle with extra batteries, bulbs

Laryngoscope blades— Miller straight 0, 1, 2, 3 & MacIntosh curved 2,3

Endotracheal tubes (uncuffed 2.5-5.5; cuffed 6.0-8.0) and stylets

Esophageal intubation detector or end-tidal carbon dioxide detector

Nebulizer (or metered-dose inhaler with spacer/mask)

Breathing equipment Clear oxygen masks, breather and non-rebreather, with reservoirs (infant, child, adult)

Bag-valve-mask (450 mL and 1,000 mL)

Oxygen and delivery system

Cardiac equipment Cardiac arrest board for compressions

Butterfly needles (19-25 gauge)

Catheter-over-needle device (14-24 gauge)

Arm boards, tape, tourniquet,

IV adapters, T connecters, stopcocks

Intraosseous needles (16 and 18 gauge)

Intravenous tubing, micro-drip

1Vs, butterflies, intraosseous needles

Tapes, alcohol, sponges

Cutdown tray

Umbilical catheter tray

Defibrillator/portable ECG monitor

Military antishock trousers kit

Various crystalloid and colloid fluids

Monitoring equipment  Pulse oximetry, ECG, end-tidal CO,, Sphygmomanometer (infant, child, adult, thigh cuffs)

Miscellaneous Stiff neck collars (small/large)

Heating source (overhead warmer/infrared lamp)

Tactical Combat Casualty Care oriented Broselow tape

General minor surgical procedure tray

Tracheostomy tray

Chest tube tray

Pleurovac pump

Warm packs, sandbags and so on

1V fluids Normal saline (0.9 NS) or lactated Ringer solution (500 mL bags)

5% dextrose, 0.45 NS (500 mL bags)

Medications Albuterol for inhalation, epinephrine, antibiotics, anticonvulsants (diazepam/lorazepam),
corticosteroids (parenteral/oral), dextrose (25%), diphenhydramine (parenteral), atropine,
naloxone, sodium bicarbonate

Table 3.
Supplies: Pediatric emergency care.
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Medication

Dose

Remarks

Atropine

* 0.02 mg/kg IV/1IO

* 0.03 mg/kg ET*

* Repeat once if needed
* Minimum dose: 0.1 mg
* Minimum single dose:
Child, 0.5 mg
Adolescent, 1 mg

Calcium chloride (10%)

20 mg/kg IV/10 (0.2 mL/kg)

Slowly

Calcium Gluconate (10%)

60 mg/kg IV/IO (1-2 mL/kg)

Slowly

Epinephrine

¢ 0.01 mg/kg

(0.1 mL/kg 1: 10,000) IV/IO
* 0.1 mg/kg

(0.1 mL/kg 1: 1,000) ET*

* Maximum dose:

1 mg IV/IO;

10 mg ET

May repeat q
3-5 min

Glucose

0.5-1 g/kg IV/IO

D10W: 5-10 mL/kg
D25W: 2-4 mL/kg
D50W: 1-2 mL/kg

Sodium bicarbonate

1 mEq/kg/dose IV/10 slowly

After adequate ventilation

*Flush with 5 mL of normal saline and follow with 5 ventilations.

Table 4.

Pediatric vesuscitation medications ¢ doses.

5. Secondary survey

* The purpose of the secondary survey is to identify all injuries and perform a

thorough & systematic head to toe examination. The injuries pointed out in the
anatomical peculiarities section above should be especially looked for. Extreme

vigilance in monitoring and re-evaluation must be ensured. Also research

suggests that a third survey is one of the best ways to detect injuries that were

missed during primary or secondary assessments [29-31].

6. Extremity trauma and fracture biomechanics

* This needs special mention. Extremity fractures may initially be missed in a
severely injured patient as clinicians attend to more life-threatening injuries.

* Modern war ballistics and blast injuries inflict devastating extremity injuries,
violating soft tissue, bone, and neurovascular structures [32].

* Children suffer injuries different than that of adults, due to differences in their

skeletal system. The important differences as compared to adults are (i)

periosseous cartilage presence (ii) physes presence (iii) a thicker, stronger, and

more osteogenic periosteum. This produces new bone called callus more
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rapidly and in greater amounts (iv) a disproportionately large head (v) pliable
rib cage (vi) open epiphyseal plates (vii) low density and more porosity. The
low density is due to lower mineral content and the increased porosity due to
increased number of haversian canals and vascular channels.

These differences result in a comparatively lower modulus of elasticity and
lower bending strength. The bone in children may fail either in tension or in
compression. The fracture lines do not propagate as in adults, and hence less
chances of comminuted fractures in children.

7. Burns

* Wartime burn care is important. Thermal injury historically constitutes
approximately 5%-20% of conventional warfare casualties [33]. In a recent
study of pediatric wartime admissions burns was the second leading cause of
pediatric mortality at the Combat Support Hospital, & burns cases also had a
high case fatality rate [5]. Thus burns care is essential, & expertise in care
required for saving lives.

* Proper triage & treatment requires assessment of the extent and depth of the
injury. Infants have thinner skin, therefore they get deep burns. The extent of
burns is determined by the Wallace rule of nines in adults. In pediatric age
group the Lund and Browder chart provides Body Surface Area (BSA)
proportions at different ages, with decreasing percentage BSA for the head and
increasing percentage BSA for the legs as the child ages (Figure 1). This is

Estimating Percent Total Body Surface Area in Children Affected by Burns

Head and h L Y
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Figure 1.
The Lund and Browder chart. All numbers ave percentages.
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useful in pediatric burns. In near future we should be using newer
imaging technologies like Forward-Looking Infra-Red (FLIR) for burn
assessments [34].

¢ Children with burns of >15% of BSA should receive IV fluids, as in children
there is risk of gastric distension with oral fluids. Several different formulas are
used to calculate fluid requirements. Urine output remains the best indicator of
volume status, with minimum target value of 1 mL/kg/hr. in children (in adults
it is 0.5 mL/kg/hr). If carbon monoxide poisoning is suspected 100% oxygen
should be administered.

8. Mental health

* Armed conflicts can adversely affect the mental health of children. Many
mental disorders can occur, especially posttraumatic stress disorder (PTSD).
A recent study has highlighted the need for intervention programs, for the
detection, prevention, and treatment of PTSD symptoms for all children,
regardless of exposure type, in areas affected by conflict [35].

* We must ensure proper psychological support in emergency, and always plan
for psychological monitoring and rehabilitation.

9. Conclusions

* The combat casualty care being provided today is on the basis of experience in
previous wars and the information generated by integrated research during
and between conflicts. Continuation of such research is desirable. Research
results refine our practices. All this will ensure ongoing progress and further
improvements in the outcomes of both military and civilian casualties.

* A progressive outlook, proclivity to change opinion, & practice in the light of
new developments will allow great advances to be achieved.

* The mortality and morbidity rates in pediatrics are considered to be the most
important indicators of the health status of a community and level of living of

people in general. If we are able to care for children in war also then it will be
par excellence.
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Chapter 5

Frostbite: A Conundrum in High
Altitudes

Abhishek Kadian, Sachin Saini and Rajesh Khanna

Abstract

Cold injuries and its sequelae has for decades, been a relevant problem and an
occupational hazard in the army, and continue to be so. These sequelae may ham-
per future operational capability of the soldier. Frostbite is also becoming more
prevalent among the general population due to the increase in numbers of homeless
people, along with an increasing participation in outdoor activities such as moun-
tain hiking and skiing. Despite the advances in the field of medical sciences, frost-
bite management has remained constant and unchanged until recent years, when
newer modalities of management have led to favourable, tissue-saving, outcomes.
This chapter gives a background understanding of risk factors of frostbite and its
pathophysiology and reviews the current evidence and latest frostbite management
strategies. In addition, several adjunctive therapies and recent improvements in
radiologic assessment of tissue viability provide new avenues of aggressive medical
management and earlier surgical interventions.

Keywords: frostbite, rewarming, thrombolysis, prostacyclin, r'TPA, gangrene,
amputation, telemedicine, botulinum toxin

1. Introduction

Frostbite is defined as injury to body tissues caused by exposure to extreme cold,
typically affecting the extremities and often involving only the skin, which initially
becomes white and hard, but in severe cases resulting in gangrene of deeper tissues
and loss of the affected parts [1].

The first physical evidence of frostbite injury dates back to 5000-year-old
pre-Columbian mummy discovered in the Andes [2]. Baron Dominique Larrey,
Napoleon’s surgeon-in-chief during the infamous 1812 to 1813 retreat from Moscow,
gave the first description of pathophysiology and management of frostbite [3].
Heavy bombers crew during World War II sustained more injuries due to high
altitude frostbite than from all other causes combined [4]. Nazi-German Waffen
during WWII had more than 10 mountain division of troops well-trained and
adapted to operate cold of Arctic and mountains. Many of those mountain troops
experienced devastating cold injuries [5].

Thus, the frostbite is a significant cause of long term irreversible morbidity
in military medicine. Despite this, frostbite management has remained constant
and unchanged. One of the most important factor often ignored is hypoxia related
injuries associated with frost bite. The soldiers are often deployed at high altitude,
face harsh climatic conditions in terms of exposure to cold and hypobaric hypoxia.
Collectively, both these factors usually alter the course of certain conditions like
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cold related injuries at this height. However a number of novel therapies have been
introduced in the last two decades which have led to promising, tissue-saving,
outcomes.

The aim of this chapter is basic understanding of frostbite at high altitude condi-
tions and incorporating latest frostbite management strategies to existing ones,
both at prehospital levels and hospital levels, in order to maximise the tissue salvage
of the patients.

2. Epidemiology

Frostbite continues to afflict modern militaries [6-8]. Within the civilian, most
common is mountaineers.

The predisposing factors to cold injury include high altitude (above 17,000
feet), alcohol consumption, psychiatric illness, smoking, immobility, homelessness,
unplanned exposure to cold with inadequate protection, contact with cold objects,
previous history of cold injury, medical conditions like atherosclerosis, medications
(eg, b-blockers), and working with equipment that uses refrigerant liquids and
gases [9-14]. Also genetic factors like African American ethnicity, O group blood
typing and angiotensin-converting enzyme DD allele may increase risk to cold
injuries [7, 15, 16].

30-49 years are the Most susceptible age groups [17, 18]. Most common anatomic
sites involved are hands and feets (90% of all recorded sites), others include ears,
nose, cheeks and penis [17-22].

3. Pathophysiology

Two mechanisms that are apparently responsible for cold injury include direct
cellular injury and progressive dermal ischemia.

3.1 Direct cellular injury

Due to freezing of tissue there is extracellular ice crystal formation, leading to
electrolyte disturbances, intracellular dehydration and shrinkage leading to cell
injury and death [23]. As temperature further falls, there is intracellular ice crystal
formation, which expands leading to mechanical destruction of cells [24].

The body responds initially to it by alternating cycles of vasoconstriction and
vasodilatation, known as “the hunting reaction” [25]. When vasodilatation occurs,
there is reestablishment of blood flow, which is called thawing. The repeated freeze/
thaw cycle causes most damage, and further leads to progressive thrombotic phase
[24, 26, 27].

3.2 Progressive dermal ischemia

Progressive dermal ischemia is more severe than the direct cellular damage [28, 29].
Figure 1 describes the events in progressive dermal ischemia [22].

Various studies have shown similarities in the progressive dermal ischemia due
to frostbite and thermal burns [30, 31]. Blebs or blisters may develop secondary to
vasodilatation, oedema, stasis and coagulation. Platelet and erythrocyte aggregates
leads to thrombosis of the vessels in viable tissue. Local inflammatory response and
associated injuries may cause increased compartment pressures [32]. Robson and
Heggers found markedly elevated levels of prostaglandin F2a and thromboxane B2
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Figure 1.
Pathology of progressive dermal ischemia in frost bite. TXA, thromboxane A,; PGF2a, prostaglandin F,;
CAM, cellular adhesions molecules; MMPs, matrix metalloproteinases; ROS, reactive oxygen species.

(a stable metabolite of thromboxane A2) in frostbite blister fluid [30, 33, 34]. Raine
et al. demonstrated that prostaglandin and thromboxane inhibitors resulted in
significantly improved tissue survival in rabbit ear frostbite [35]. Prostaglandin F2a
(PGF2a) and thromboxane A2 (TXA2) cause platelet aggregation and thrombosis
which results in ischaemia [32]. Thus there is significant role of the metabolites of
arachidonic acid pathway as mediators of progressive dermal ischemia in burn and
frostbite.

Other studies indicate the cell mediated inflammatory response which leads
to progressive ischemia and tissue necrosis is similar to the response seen follow-
ing ischemic/reperfusion injury [36]. The ischemic/reperfusion injury has been
described as the paradoxical exacerbation of cellular dysfunction and death,
following restoration of blood flow to previous ischaemic tissues [37]. During
reperfusion, an inflammatory reaction occurs with neutrophilic aggregation and
adhesion to endothelial cells leading to the production of free radicals [38]. Manson,
et al. also suggested the role of free radicals in ischemia/reperfusion related tissue
necrosis leading to frostbite injury [39].

Thrombosis, endothelial damage, intravascular sludging, inflammatory media-
tors, free radicals, neutrophil adhesion, platelet aggregation, reperfusion injury,
and oedema all play a role in contributing to progressive dermal ischemia and leads
to cell death [22, 30, 35, 36, 39, 40].

Frostbite is more common at high altitude than at sea level. As the altitude
increases the maximum oxygen uptake falls thereby reducing the body’s ability to
produce heat, while dehydration, cold, the fall in plasma volume which occurs at
high altitude and increased erythropoietin production all work to increase blood
viscosity and reduce peripheral blood flow. This reduced peripheral perfusion due
to hypoxia causes additive effect in pathophysiology of frostbite. A reduction in
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calorie intake also reduces insulating subcutaneous fat [39, 41]. Also, the blood
microcirculation recovery after high altitude frostbite is significantly slower than
the normal frostbite [42].

4, Clinical manifestations

Historically, the degrees classification has been favoured. It classifies frostbite
into frostnip, first-degree, second-degree, third-degree, and fourth-degree frostbite
depending on depth of injury [22]. This classifications fail to predict the extent of
likely amputation levels and aid little in initial management.

Cauchy and colleagues [43] proposed a classification system for severity of frost-
bite cases, as depicted in Table 1 (Figure 2). The advantage of this classification
is that it gives an early prognostic indicator of bone and tissue loss and the likely
anatomic level of loss. This grading system relies on isotope bone scanning. In the
field, Cauchy and colleagues [44] suggest the use of portable Doppler or the clinical
stigmata of soft tissue cyanosis as surrogate markers for amputation risk.

Initial symptoms include numbness and pale/bluish discolouration in the
affected part. Following thawing, patient may complaint of throbbing pain and
tingling sensation with/ without appearance of blisters (clear/hemorrhagic)
in affected part. Long term sequelae includes cold insensitivity, sensory loss,
hyperhidrosis [22], growth plate disturbances [25, 45], osteoarthritis [46],
chronic pain [25], and hypertrophic calcification [47]. There are few case reports
of frostbite with extensive limb involvement showing rare presentation as acute
compartment syndrome and increasing rhabdomyolysis. There was no other
clear aetiology of rhabdomyolysis in these cases and they required compartment
release [48].

On physical examination favourable prognostic indicators include normal skin
colour, sensation to pinprick, blisters with clear fluid and the ability of the skin to
deform under direct pressure. Poor prognostic indicators include non blanching
cyanosis, hemorrhagic blisters and hard, non deforming skin [22].

Chilblains is a self limiting, mild form of cold injury in which there is appear-
ance of red, itchy lesions on the limbs on exposure to temperature above freezing
point. Tissue loss is rare. It is managed conservatively by limb elevation and applica-
tion of moisturising lotions [22].

Grade Extent of initial lesion Bone scan, day 2 Blisters at day 2 Prognosis at
day 0 day2
1 No lesion Unnecessary No blisters No
amputation
2 Lesion distal phalanx Reduced radiotracer Clear blister fluid Tissue
only uptake excision
3 Lesion distal, inter-and No radiotracer Hemorrhagic blister Bone
proximal phalanx uptake on digit fluid amputation of
digit
4 Lesion in carpel/tarsal No tracer uptake in Hemorrhagic blisters Bone
carpal/ tarsal carpal/ tarsal amputation of
limb

After Cauchy et al. [43].
The initial assessment on arrival in hospital, day 0, is made after rapid rewarming.

Table 1.
Classification scheme for severity of frostbite injuries.
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Grade 3

Figure 2.
Grades of frostbite.

5. Radiology

In order to provide early assessment of tissue viability and management several
radiological techniques can be used like bone scanning, magnetic resonance angiog-
raphy (MRA), and angiography.

Technecium 99 (99 Tc) triple-phase bone scanning has become the standard
imaging study when used at day 2 post cold injury [43, 49-51]. It helps to assess
tissue viability but fails to show clear-cut soft tissue demarcation. However, MRA is
often easier to access and allows direct visualisation of thrombosed vessels and may
show a clearer demarcation of viable and ischemic tissues. Therefore some authors
advocate MRA as superior technique [52, 53]. Digital subtraction angiography can
be performed on individuals who are being considered for thrombolysis. It visual-
ises vessel patency but do not sufficiently clarifies the level of viability [49, 54].

6. Prevention
As “prevention is better than cure” it is the responsibility of commanders, team

leaders, individuals, and companies/employers who place individuals in at-risk
areas. The following preventive measures should be adopted: 1) maintain adequate
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hydration and nutritional status; 2) use multilayered clothing preferably wool or
synthetics such as polypropylene as these materials insulate even when wet. Also
avoid constricting items like tight cramp on straps. Proper fitting boots should

be worn. Mittens are preferable to finger gloves; 3) avoid sweating and prolonged
immobility; 4) Avoid fatigue and one should not climb in adverse weather condi-
tions; 5) buddy care system should be followed and one should daily inspect foot
to look for any signs of cold injury; 6) ensure beneficial behavioural responses

to changing climatic conditions like avoiding alcohol and smoking. Alcohol
causes cutaneous vasodilatation which gives temporary warmth but actually
causes greater heat loss. Similarly, nicotine in cigarette causes vasoconstriction
and thereby aggravates cellular hypoxia [55]; 7) do not touch metallic objects in
extreme cold or in moderate cold if wet; 8) leaders/commanders must ensure that
all are fit, trained, and capable of operating in proposed location/climate; this
should take into account the co-morbidities and current medications; and 9) a
thorough evacuation and medical plan must be in place before departure; this must
include communications.

7. Management

Before evaluating the patient one should consider that once the boots are
removed, the swelling may occur, so prevent redonning of boots. Also, freeze-
thaw-freeze cycles must be avoided; therefore, only consider rewarming if this can
be avoided. It may be better to walk out on a frozen foot.

7.1 Prehospital management
It is treatment by persons with limited medical background.
7.1.1 Basic care

One should thoroughly assess the patient as he may be having concurrent hypo-
thermia. Remove all wet clothing and jewellery. Provide general warmth. Rehydrate
the individual with adequate warm fluids. Avoid smoking and alcohol.

7.1.2 Rewarming

Immerse the affected part in water at 40 °C to 42 °C with a mild antibacterial
agent like providone-iodine [25, 35, 54, 56]. If a thermometer is not available then
first the unaffected limb should be placed in water for at least 30 seconds to ensure
that the water is not too hot as the affected limb will have impaired temperature
sensation. Twice-daily baths are recommended and redressing should be done
every 12 to 24 hours [57]. Avoid mechanical trauma to the affected part. Do not
rub or applying dry heat (heat pads) to frozen tissue. Thawing is complete only
when the red/purple and pliable texture of affected part is achieved [25, 58]. Once
thawing is complete, the limb should be allowed to air dry. Thereafter keep affected
limb completely warm. Avoid re-exposure. Elevate the affected limb to reduce
oedema [57].

7.1.3 Medications

Cold-injured part is a tetanus prone wound; therefore follow standard teta-
nus toxoid guidelines [23, 25, 59]. Give ibuprofen 12 mg/kg twice a day up to a
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maximum of 2400 mg/d, for analgesia and to reduce inflammation (unless con-
traindicated) [49]. It supersedes aspirin as aspirin inhibits prostaglandins, some of
which are beneficial to healing [23-25]. Aloe vera is a topical inhibitor of thrombox-
ane; [35] apply to the affected part and cover with a dry dressing. Blisters indicate
thawing [57]. Do not aspirate or de-roof them in the field. Avoid circumferential
dressings. Give tablet oxpentifylline 400 mg thrice a day; studies have shown that
with Aloe vera, oxpentifylline leads to 30% improvement in overall tissue survival
[60]. The role of prophylactic antibiotics is controversial [57], it is generally
reserved if signs of infection and specific complications develop [22]. The doctors at
forward location should seek expert help via telemedicine.

7.1.4 Portable recompression bag and oxygenation

Portable recompression bag simulate physiological “descent” and there is
increase in SpO2 [44, 61]. It can be used as an adjunct, provided patient is fully con-
scious and it should not delay evacuation. Supplemental oxygen may be beneficial
at high altitudes posts [44] with an aim to maintain SpO2 greater than 90% [57].

7.2 Hospital management

Once the patient is transferred to a hospital take detailed history including onset
of injury (<24 hours or > 24 hours ago), mechanism of injury, climatic conditions
at time of injury, any freeze-thaw—freeze events, and in-field treatment. Reassess
the patient and affected parts thoroughly. Keep the individual in a warm room.
Remove all jewellery if not removed previously. Rehydrate the patient with warm
fluids and give high-protein, high-calorie diets [62]. Follow rewarming principles as
described above.

Give tetanus toxoid, if not given previously. Continue oral ibuprofen and oxy-
pentifylline as described above. Analgesics may be required on an individual basis
(paracetamol, tramadol, opiates). The role of prophylactic antibiotics in frostbite
is controversial [17]. However, systemic antibiotics must be commenced in proven
infection as guided by skin swab culture sensitivity [63].

Blisters give an indication to the depth of injury. White/clear blisters indicate
superficial injury and contains high levels of prostaglandin F,, and thrombox-
ane A, [30]; therefore aspiration may be beneficial. However, few authors have
advocated that clear blisters should be left intact, and de-roofing may result in
increased susceptibility to opportunistic infections [64]. Hemorrhagic blisters
indicate structural damage to reticular dermis; many authors advocate them to
be left intact due to risk of desiccation [18, 24]. The Wilderness Medical Society
guidelines advise drainage of white/clear blisters and to leave hemorrhagic blisters
alone [57].

Dressing of the affected areas should be done 12 or 24 hourly and the affected
part should be splinted and elevated. Dressing should be non constrictive and
loose with padding between the digits. Apply Aloe vera cream to the affected part.
Bespoke safety footwear should be worn during the demarcation period.

Take photograph of the affected part on admission and subsequently every alter-
nate day. If facilities are available one should consider imaging like bone scanning,
magnetic resonance angiography (MRA), and angiography. It offers prognostic
information and guide management.

7.3 Adjunctive therapies

The following adjunctive therapies have been described recently.

59



Current Topics on Military Medicine

7.3.1 Low molecular weight dextran

It is a grade 2C recommendation for use when thrombolytics or iloprost are not
going to be used. However, there are no clinical trials to prove its role and also it can
cause anaphylaxis; [44] We do not recommend it.

7.3.2 Anticoagulation

Post thawing, thrombosis is seen to occur in superficial dermal plexus.
Therefore anticoagulation with heparin may have a role in frostbite but there
is no evidence in literature for it [22, 56, 65]. So it is not recommended as
monotherapy.

7.3.3 Hyperbaric oxygen

Hyperbaric oxygen therapy (HBOT) increases oxygen delivery to the tissues
provided there must be a patent vasculature [57]. However, it could help during
rewarming phase and at high altitude (usually >4000 meters) when SpO2 is less
than 90% [66]. It is suggested that immediately after rapid rewarming, do HBOT
for 1 hour. Thereafter, it can be repeated every 3 hours during the first 12 hours
while the patient is awaiting evacuation [44, 61].

7.3.4 Sympathetic nerve blocks

Many studies have shown that sympathetic nerve block in upper limb causes
vasodilation, raised skin temperature and pain relief [67]. Its role in frost bite
cases is mixed [68-71]. However, it is possible that very early intervention with
sympathetic blockade in the field may be more effective. Chandral et al. described
a technique for giving peripheral nerve block [69]. The same technique was used by
Pasquier et al. in field area for managing grade 2 frostbite in bilateral hand [72]. He
performed bilateral wrist block using 0.5% ropivacaine. There was good recovery
without amputation. Taylor et al. used continuous epidural anaesthesia for manag-
ing frostbite cases of lower limbs [73]. Therefore, for grade 2—4 frostbite cases
following thawing, which are limited to hands, distal volar forearm nerve block
may be considered. Similarly for lower limbs, continuous epidural catheter may be
considered for analgesia and vasodilation.

7.3.5 Thrombolysis and vasodilation

Thrombolytic agents have been used for reversing microvascular thrombosis
and restoring blood flow. Thrombolysis using streptokinase, urokinase or recom-
binant tissue plasminogen activator (rTPA) has resulted in reduced amputation
rates [14, 49, 74, 75]. Limited data suggest that rTPA in frostbite is most effec-
tive when used within 6 to 24 hours of rewarming [14, 44, 49, 74, 76]. However,
studies have shown that ilioprost (a synthetic analogue of prostacyclin PGI2)
has better safety profile than rTPA and is most effective up to 48 hours after
rewarming [77, 78]. In field location, grade 2 to 4 frostbite may result in tissue
loss if not treated. Therefore, trained medicine specialist can initiate treatment
with ilioprost or rTPA, considering their contraindications and complications,
for grade 2 to 4 frostbite as per dosage and considerations given in Tables 2 and 3
respectively [44].
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Administration and Dilute 1 vial 0.5 mL iloprost in 24.5 mL NaCl 9%

monitoring Syringe pump: 25 mL - speed: 1 mL/ h for 30 minutes, then 2 mL/h for
30 minutes, then 3 mL/h for 30 minutes, then 4 mL/h for weight < 75 kg or
5 mL/h for weight > 75 kg

Continue until 25 mL is delivered; all patients receive 1 vial
Monitor HR and BP every 30 minutes

Complications and their In case of side effects decrease to previous lower step
management If systolic BP <90 mmHg decrease to lower step
Contraindications Hypotension, hypersensitivity, pulmonary edema, cardiac arrhythmia,

active ulcer disease, major trauma; unknown effects on pregnancy

Precautions Anticipate nausea and vomiting, pain and hypotension; keep patient supine

HR, heart rate; BB, blood pressure.

Table 2.
Protocol for intravenous prostacyclin.

Administration Weight < 67 kg: 15 mg IV bolus, then 0.75 mg/kg over 30 minutes, then
0.35 mg/kg over next 60 minutes

Ideally given with a portable Weight > 67 kg: 15 mg IV bolus, then 50 mg over 30 minutes, then 35 mg

syringe pump over next 60 minutes. Total not to exceed 100 mg Heparin after bolus

Contraindications Recent trauma, bleeding diathesis, stroke within 3 months, on
anticoagulants, hypersensitivity; BP >180 mmHg systolic or 110 mmHg
diastolic

Precautions High altitude: HAPE or HACE, retinal haemorrhage, gastritis

Complications and their Bleeding: stop infusion, haemostasis if possible, consider tranexamic

management acid Angioedema: stop infusion, antihistamine, corticosteroids

rTPA, recombinant tissue plasminogen activator; IV, intravenous; BB, blood pressure; HAPE: high altitude
pulmonary edema; HACE: high altitude cevebral edema.

Table 3.
Protocol for intravenous rTPA.

7.3.6 Botulinum toxin

Botulinum toxin is produced by Clostridium botulinum. Botulinum toxin type A
(BTX-A) blocks the release of the neurotransmitter acetylcholine at the motor end
plate terminals, thereby inhibiting the smooth muscle vasoconstriction [79]. It also
blocks the transmission of norepinephrine and prevents sympathetic vasoconstric-
tion of vascular smooth muscle [80].

In addition it causes reduction in pain by blocking recruitment of specific a2- adr-
enoreceptors, which decreases the activity of chronically upregulated C-fibre nocicep-
tors [81]. Also the effects last for 3-4 months. Norheim et al. used BTX-A injections at
the neurovascular bundles in the palm of each hand at the level of the metacarpopha-
langeal joints in a patient with frostbite sequelae [82]. Their study shows that BTX-A
has positive effects on skin perfusion, cold hypersensitivity and pain. They speculated
that early treatment of frostbite sequelae with BTX-A may be advantageous.

7.4 Surgical treatment

The general dictum is “Frostbite in January, amputate in July” [25]. Avoid imme-
diate or early amputation. Wait till demarcation is complete to maximise functional
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outcome [56]. It may take 3 months. However, in cases of wet gangrene or spread-
ing sepsis, early amputation may be unavoidable [83, 84]. For such cases, using
MRA/99Tc triple-phase bone scanning is useful in planning the site of amputation
[63]. Some authors advocate that coverage with vascularised tissue and free tissue
transfer, rather than autograft improves the viability of injured bone, tendon or
nerve, if early surgical intervention is done [85, 86].

In case patient develops compartment syndrome, escharotomy or fasciotomy
may be indicated in the early phase [25, 56].

8. Conclusion

For the military, frostbite sequelae constitute an occupational injury with a
major career impact. These sequelae may compromise future operational capability
of the soldier. This chapter highlights simple and effective treatment steps that all
clinicians can perform through every echelon of care and thereby reduce the period
in which the patient is unable to perform his or her normal duties as a soldier in a
cold environment.
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