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Abstract

Objective: The aim of this study was to evaluate the change in knowledge and skill confidence
after implementation of a chemical, biological, radiological, nuclear, and explosive (CBRNE)
training course during the Russia-Ukraine War.

Methods: Pre/post-test study in the Ukrainian cities of Kyiv, Dnipro, Zaporizhzhia, and Odesa.
Fifteen CBRNE courses were conducted over a 3-mo period, August to October 2022. Change in
knowledge and skills confidence were evaluated with pre/post-course written exams and prac-
tical skill assessments that were observed during the training exercises. Changes were analyzed
based on nonparametric Wilcoxon matched-pairs signed-rank testing. Pre/post self-efficacy
surveys were analyzed with McNemar’s test for paired data. Course evaluations were conducted
with standardized questions which assessed instruction quality, teaching relevance, knowledge
gained, and post-course skills confidence.

Results: A total of 523 participants registered and completed 1 of the 15 courses. Overall mean
pre-course test score: 57.8% (SD 20.7%); mean post-course test score: 81.4% (SD 11.3%); par-
ticipants with increasing test scores: 90.7%; mean difference in score (95% confidence interval)
23.6% (21.2%-25.9%), P < 0.0001. Pre/post self-efficacy surveys (4-point Likert scale) noted
participants recognized signs and symptoms of a CBRNE incident, and necessary skills to man-
age CBRNE exposures, P < 0.0001.

Conclusions: The implementation of this CBRNE course for front-line providers in Ukraine
was successful. To our knowledge, it was the first implementation of a field course during the
current Russian-Ukraine war. Future research should evaluate knowledge retention and impact
of our innovative Train-the-Trainer model. Further iterations should emphasize expanding the
quantity of training equipment and practical skill sessions.

Since the annexation of Crimea in 2014, and more recently the Russian invasion in 2022, Ukraine
has been besieged by an armed conflict with domestic and international repercussions. Russian
forces now occupy approximately one-fifth of the country including Crimea and Russian-aligned
separatists’ control of the Donetsk and Luhansk oblasts in eastern Ukraine (Figure 1).

The invasion of Ukraine by Russia has resulted in the largest humanitarian crisis in Europe
since World War II. As fighting continues to intensify throughout Ukraine, there is an increas-
ing concern that the Russian Federation will consider “all available means” including the use of
chemical, biological, or radiological weapons against military personnel and civilians in
Ukraine. Although a focus on trauma response and humanitarian care is essential for the
ongoing war, recent messaging by Russian leadership indicates that nonconventional weapons
could be used to defend the illegally annexed territories in Ukraine.! This necessitates readiness
for these warfare threats which include chemical, biological, radiological, nuclear, and explosives
(CBRNE) attacks. CBRNE preparedness has been variable among Ukrainian and European
Union member states who may be called upon to detect and respond to potential attacks.>™
Russia and their allies have used CBRNE weapons in prior conflicts and awareness of these risks
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Figure 1. Areas of Russian military control in Ukraine (https://www.bbc.com/news/
world-europe-60506682).

and mitigation strategies are necessary measures now.” Based on
these historical offensives, prioritizing knowledge, training, and
proper equipment for front-line health-care providers and other
professionals to recognize and respond to potential CBRNE threats
within Ukraine is essential.

Despite prohibition of chemical weapons from the Chemical
Weapons Convention, evidence has demonstrated that state actors
will continue to use these agents as weapons of war, despite pub-
licly denying their use. Russian chemicals research has recently
focused on developing highly potent weaponized organophos-
phates, or nerve agents. During the past decade, Russian agents
have used novel fourth generation (eg, Novichok) nerve agents
due to their rapidly lethal onset and unconventional routes of tox-
icity.” Russia’s connections to Syria also provide further evidence
for concern. The majority of the over 50 chemical weapon attacks
in Syria between 2013 and 2018 involved chlorine gas or the deadly
nerve agent sarin.! While these events have been attributed to the
Syrian government, the close relationship between Syrian officials
and proxy Russian military leaders suggests that these strategies
could be used in the current Ukraine conflict."® Other incidents
such as the recent capture of the Chernobyl power plant and dan-
gerous firefight near Zaporizhzhia (the largest nuclear power plant
in Europe) highlight the potential for a significant radiological or
nuclear disaster.”” Russia’s military seizure of the Zaporizhzhia
Nuclear Power Plant (ZNPP) is the first documented takeover
of an active nuclear power plant and is prohibited by the
Protocol 1 Amendment to the Geneva Convention. As a result,
unconventional weapon attacks on opposing militaries, civilians,
and governments are a realistic threat necessitating emergency
care, mass casualty response, prevention, and proper equipping
of frontline professionals.>® The need for CBRNE training has
never been greater.

Before the 2022 Russian invasion, the health-care system in
Ukraine was among the least advanced in Eastern Europe in terms
of health outcome measures.” Public health capacity was already
strained, facing challenges related to government funding, inad-
equate numbers of medical personnel, equipment shortages, and
underdeveloped disaster response. These issues are likely
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exacerbated during the coronavirus disease 2019 (COVID-19)
pandemic in the setting of war with limited health-care
resources.!!!

Comprehensive CBRNE training courses have been imple-
mented in non-conflict settings of North America and Europe,
but not previously adapted to a conflict setting within Ukraine.

Typical CBRNE courses conducted in the United States and
Europe are 3-5 d in duration. This format was not practical during
the war, hence, our decision to reduce this to a 2-d (16 h) intensive
course.

The CBRNE course also represented an opportunity to train
and equip a wide variety of first responders, including paramedics,
nurses, police, engineers, and civil servants to address the signifi-
cant loss of health-care professionals from the region. In this study,
we report the effectiveness and acceptability of implementing a
course to improve CBRNE knowledge with practical hands-on
clinical skills. Our objective was to evaluate the change in knowl-
edge and skill confidence after implementation of a CBRNE train-
ing course during the Russia-Ukraine War.

Methods
Study Design and Setting

The fifteen 2-d courses were conducted in the Ukrainian cities of
Kyiv, Dnipro, Zaporizhzhia, and Odesa. The CBRNE training
intervention was implemented as a 2-d (16-h), course designed
to train providers to rapidly assess and treat CBRNE conditions
focused on stabilization, triaging, decontamination, personal pro-
tective equipment (PPE), emergency care, and antidote therapy.
The educational content was delivered with a combination of
didactic sessions and skills station training. This is based on the
7 core elements comprising CBRNE science: (1) basic and clinical
sciences, (2) modeling and systems management, (3) planning, (4)
response and incident management, (5) recovery and resilience, (6)
lessons learned, and (7) continuous improvement.!> The topics
and skills covered are listed in Table 1.

Each CBRNE course was taught by a group of English-speaking
instructors with real-time Ukrainian translation. Facilitators lead-
ing instruction were US-based emergency medicine and prehospi-
tal disaster specialists with expertise in CBRNE training. Each
course had at least 2 instructors from Ukraine who had graduated
from the CBRNE “Train-the-Trainer” program. A total of 19
instructors (15 US and 4 Ukrainian) from 19 different agencies
or universities taught the courses at the various Ukrainian sites.

All written course materials and lecture slides were translated
into Ukrainian. Hands-on CBRNE skills sessions and practical
drills were led by Ukrainian providers who were identified by
course leadership based on their prior experience and ability to
teach CBRNE training content.

Study Participants and Recruitment

The training course was open to health-care providers or
professionals who may be called upon to respond and treat emer-
gency CBRNE conditions during the conflict. The study partici-
pants were randomly recruited through the Ukrainian Ministry
of Health, local Ukrainian hospitals and medical centers, and aca-
demic teaching institutions. The war has caused significant loss of
health-care professionals from the region, making the recruitment
of same-level learners challenging. There was no course enrollment
fee. The research question and outcome measures were informed
by a goal to demonstrate if the training was effective in caring for
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Table 1. CBRNE course schedule (lecture topics and practical skills stations)

Day 1
Orientation/Introductions/Course Pre-Test: 60 min

Hospital Preparedness for Mass Casualty Events (Lecture): 30 min

Chemical Agents/Toxicology (Lecture): 30 min

Chemical Agents Skill Stations: 60 min

Biological Agents (Lecture): 30 min

Radiological/Nuclear (Lecture): 30 min

Radiological/Nuclear Skill Stations: 60 min
PPE/Health & Safety (Lecture): 60 min
PPE Skill Stations: 60 min
Decontamination (Lecture): 60 min

Decontamination Skills Stations and Demonstration: 60 min

Explosives Lecture: 60 min
Day 2
Review of Day 1 with Highlights and Key points: 60 min

Training Exercise 1 (Chemical Drill and Practicum): 60 min

Training Exercise 2 (Biological Drill and Practicum): 60 min

Training Exercise 3 (Radiological, Nuclear and Explosives Drill and
Practicum): 60 min

Course Review/Post Test 60 min/Course Conclusion and Certificates:
60 min

CBRNE Instructor Course (Train-the-Trainer)

Instructor Tips & Best Practices: 60 min

Core Content Lecture Series: 90 min

Skills Stations Demonstration & Teaching: 60 min
Course Review/Conclusion: 30 min

victims in the context of an active war. The study design was
adapted from previous implementations which were informed
by expert focus groups; however, participants were not directly
involved in the design of this study. Participants were not part
of the recruitment or conduct of the study. The data collected from
this study were given an exempt status by our institutional Human
Research Office Institutional Review Board (IRB) because it did
not meet the criteria for human subject research as defined by
the Research Office policies and Health and Human Services reg-
ulations set forth in 45 CFR 46.

Data Collection Tools

Participants completed 30 multiple-choice question pre-test ques-
tions at the beginning of the course, along with a post-test to assess
their knowledge of CBRNE content at the conclusion of the course.
The post-test was the same exam as the pre-test, but the multiple-
choice questions were arranged in a different order, but with the
same correct response. Participants were scored on a scale of 1 to
30, receiving 1 point for each correct answer. Correct answers to
each multiple-choice question featured 1 best answer for each exam
question (ie, 1 possible correct tick for each question). Tests speci-
fying an incorrect answer or choosing multiple answers when the
instructions stated to select 1 only were marked as incorrect. The
course exams had been appropriate to assess comprehension in pre-
vious English-speaking courses, but this is the first time it had been
translated into the Ukrainian language. Ukrainian translators were
on-site and in real-time for questions or clarifications regarding the
exam. Participants also completed a 17-question pre-course confi-
dence and post-course confidence self-assessment on CBRNE
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knowledge and skills with a self-assigned 4-point Likert scale with
a score of 1 (least confident) to 4 (most confident) (Table 2).
Participants were also given the opportunity to provide open-ended
written anonymous feedback on the course.

Data Collection

The written course assessment tools were part of the CBRNE cur-
riculum which were translated into Ukrainian. Participants were
awarded a course completion certificate if all attendance require-
ments were met, and all pre-assessment and post-assessment mate-
rials were completed. Deidentified comments were closely
reviewed by the authors with similar comments grouped together
to assess for positive and constructive themes. Participants who did
not complete each of the assessment components were excluded
from the quantitative analysis, although their comments, if pro-
vided, were included in the feedback results. Data verification
was further conducted with the translated course feedback.

Data Analysis

Our pre/post-test was a quasi-experimental study. Quasi-experi-
ments are studies that evaluate interventions but that do not use
randomization. Like randomized trials, quasi-experiments aim
to demonstrate causality between an intervention and an outcome.
These studies can use both preintervention and postintervention
measurements. Pre-course and post-course assessment scores were
compared using the Wilcoxon signed-rank test and statistical
Pvalues were reported. Results were analyzed in whole and by par-
ticipant role. Using Fishers exact test (for categorical data) and lin-
ear regression (for continuous data), demographic characteristics
were compared between those completing and not completing
both the pre- and post-course tests. Confidential and deidentified
course feedback was collected on paper from each participant in
Ukrainian and translated to English for analysis. Pre/post self-effi-
cacy surveys were based on McNemar’s test for paired data.

Results
Qualitative Research

A total of 523 participants registered and completed 1 of the 15
courses. Of these participants, 38% did not complete all training
assessment components and were, therefore, excluded in the analy-
sis. Incomplete assessment components were due to partial atten-
dance among these participants, reportedly due to conflicting
clinical or professional duties. The average course size was 43.2
participants and the average instructor to participant ratio was:
1:9. Course locations and participant professions are listed in
Table 3. The most common professions of the participants were
health-care workers 309 (59%); of which, 185 (35%) were physi-
cians, followed by nursing 82 (16%) and prehospital providers
16 (3%). Non—health-care workers made up 214 (41%) of partic-
ipants; the most common categories were science/technology/
engineering (23%), civil service/infrastructure/security (14%),
and education (9%).

Pre/Post Test Results and Confidence Scores

Table 4 summarizes participant knowledge assessment which
improved with overall pre-post test scores and confidence interval
(CI) scores. Of the 523 participants, 321 (62%) completed all
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Name:

(This will be kept confidential. Name is used to compare your pre and post survey)

Phone number:

Circle the best platform to reach you on: Viber/Whatsapp/Signal/telegram
Email:

Gender: Age:
Hospital or agency Name:
Oblast:

Are you a health-care worker? (circle one) YES NO
If yes, what is your discipline? (Doctor, nurse, etc.)

If yes, what is your specialty? (Emergency, anesthesia, etc.)

How many years of clinical experience do you have?

If you are not a health-care worker, what is your profession?

How many years of experience do you have in CBRNE?

1. | feel comfortable recognizing signs and symptoms of a potential CBRNE exposure

2. | feel comfortable managing patients who require care after a CBRNE event.

3. | feel like | have the necessary skills to provide care to patients after a CBRNE emergency.

4. | feel | have an organized approach that allows me to be prepared to care for CBRNE-exposed

patients.

5. | feel that | have the knowledge and skills to optimize resources in my place of work to care for

CBRNE patients

6. My place of work has a well-functioning plan to care for CBRNE emergencies that can be easily

activated.

Selecting appropriate PPE for the type of event or potential exposure

Emergency management of blast injuries

Emergency management of chemical injuries

Emergency management of biological exposure

Emergency management of the patient with radiologic exposure

Emergency management of CBRNE-injured or exposed children

Emergency management of CBRNE-injured or exposed adults

Understanding of emergency drugs

Confidence donning and doffing PPE safely

Have skills to decontaminate patients safely

Have the ability to document forensic findings of a potential CBRNE event

pre- and post-test questions. Mean pre-course test score: 57.8% (SD
20.7%); mean post-course test score: 81.4% (SD 11.3%); proportion of
participants with increasing test score: 90.7%; mean difference in score
(95% CI): 23.6% (21.2%-25.9%): P < 0.0001. Summary of pre-test and
post-test and confidence interval (CI) scores by profession are also
listed. Health-care workers (169, 59%) had mean pre-course test
scores: 58.5% (SD 22.0%); Mean post-course test scores: 81.6%
(11.1%); and the proportion of participants with an increasing test
score was 88.2%; mean difference in score 95% CI 23.6% (21.2%-
25.9%); P < 0.0001. Non—health-care workers (111, 41%) had mean
pre-course test scores: 55.3% (SD 19.6%); mean post-course test
scores: 80.3% (12.0%); and a proportion of participants with increas-
ing test score 91.9%; mean difference in score 95% CI 25.0% (21.0%-
29.1%): P < 0.0001. There were no significant differences in either
gender (P =0.179) or the proportion who were health-care workers
(P=0.475). However, participants completing the test were sta-
tistically significantly older (by 4.3 years; P < 0.001).

Table 5 describes participants agreeing or strongly agreeing to
statements regarding pre-post self-efficacy surveys that were
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comprised of 17 standardized questions using a 4-point Likert
scale. Participants rated their responses in terms of recognizing
the signs and symptoms of a CBRNE incident, and the necessary
skills to manage a potential CBRNE exposure: P < 0.0001. Course
evaluations are summarized in Table 6. Course evaluations were
conducted with 8 standardized questions which assessed instruc-
tion quality, teaching relevance, clinical knowledge gained, and
post-course skills confidence.

Feedback was collected during the final day of the course.
Participants were asked to describe what they liked best and what they
would change about the course. The most common positive feedback
themes centered around the expert and qualified teaching and useful
skill sessions. Other positive comments centered around the under-
standability of the material, course content, and the positive
team-building experience. The most common constructive feedback
themes and areas for improvement included equipment quality and
quantity challenges and requests for additional skill session time.

Table 7 describes the 6 Train-the-Trainer courses that were con-
ducted with a total of 45 student participants from 32 different
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Table 3. Participant course locations and occupational demographics

15 Kyiv City (4)
Dnipro (6)
Zaporizhzhia (3)
Odessa (2)

230

523 Gender
Male 204 (39%)
Female 315 (60%)
Other/prefer not to say 1 (<1%)
Missing 3 (1%)
Age
Median age (y) 41 (IQR:29-50)
Profession
Health-care workers 309 (59%)
Physician (specialty) 185 (35%)
Emergency medicine 48 (26%)
Anesthesiology 26 (14%)
Orthopedics/surgery 20 (11%)
Family/internal medicine 18 (10%)
Obstetrics /gynecology 9 (5%)
Pediatrics 11 (6%)
Other 42 (23%)
Missing 10 (5%)
Nurse 82 (16%)
Medical assistant 13 (2%)
Midwife 5 (1%)
EMT/paramedic 16 (3%)
Other health-care workers® 8 (2%)
Non-health-care workers (sector) 214 (41%)
Health care® 6 (3%)
Education® 20 (9%)
Civil service/infrastructure/security” 30 (14%)
Science/technology/engineering® 49 (23%)
Students 12 (6%)
Other’ 66 (31%)
Missing 31 (14%)

2Dentist, pharmacist, psychologist, medical educator, dosimetrist.
bDosimetrist, medical instructor, veterinarian.
‘Teacher, education administrator, trainer.

dcivil servant, police officer, ambulance driver, security/military staff, nuclear waste management, other government employee.

Scientist/researcher, engineer, nuclear energy/radiation staff, IT specialist.

fadministrator, volunteer, social worker, artist, lawyer, businessperson, economist, financier, driver, journalist, interpreter, occupational safety officer.

Table 4. Pre/post test scores

All 321 57.8% (20.7%) 81.4% (11.3%) 90.7% 23.6% (21.2%-25.9%) <0.0001
Median: 62.1% Median: 82.8%

Health-care 169 58.5% (22.0%) 81.6% (11.1%) 88.2% 23.2% (19.8%-26.6%) <0.0001

workers Median: 62.1% Median: 82.8%

Non-health- 111 55.3% (19.6%) 80.3% (12.0%) 91.9% 25.0% (21.0%-29.1%) <0.0001

care workers Median: 58.6% Median: 82.8%

Missing 41 62.0% (17.4%) 83.3% (10.6%) 97.6% 21.3% (16.2%-26.5%) <0.0001

profession Median: 62.1% Median: 86.2%

2Based on nonparametric Wilcoxon matched-pairs signed-rank test.

institutions or academic centers. All those who enrolled in the
program successfully graduated and were provided the necessary
educational materials for future CBRNE training courses. Our
Train-the-Trainer model was a unique feature of this course (particu-
larly amid an active war) with the goal of strengthening CBRNE
preparedness throughout Ukraine.

Discussion

In this study, we report the effectiveness and acceptability of
implementing CBRNE training courses in Ukraine to improve
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knowledge and enhance confidence with practical hands-on skills.
There are limited studies describing the availability and evaluating
the effectiveness of CBRNE training in Ukraine. Regarding other
Ukrainian CBRNE training courses, in November 2019, just before
the COVID-19 pandemic, health experts from Ukraine, the United
States, United Kingdom, Czech Republic, and Norway convened to
conduct “Emerging Technologies and Countermeasures to CBRN
Agents: Advanced Training Response to Conflict and Security
Challenges in East Ukraine”. This event was sponsored by the
North Atlantic Treaty Organization (NATO) Science for Peace
and Security Program and held at Mechnikov Hospital, in
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Table 6. Course evaluations
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The instructor 0.2% (1) 2.5% (13)  97.3% (512)  0.6% (3)
Participants agreeing or strong agreeing to the following statements: made it clear what
(4-point Likert scale) they wanted the
| feel comfortable 34.8% (73)  95.7% (201) <0.0001 participants to
recognizing signs and learn during their
symptoms of a potential teaching
CBRNE exposure The instructor 1.1% (6) 13.9% (73)  85.0% (448)  0.4% (2)
| feel comfortable managing  16.6% (35)  67.3% (142) <0.0001 taught material
patients who require care that was
after a CBRNE event. Cutstt'omltzhedt To thi
setting that | wor
| feel like I have the 15.2% (32)  90.5% (191) <0.0001 o livegin
necessary skills to provide X
care to patients after a The instructor 0.6% (3) 2.7% (14)  96.8% (511)  0.2% (1)
CBRNE emergency spoke slowly and
was easy to
| feel | have an organized 20.0% (42)  90.0% (189) <0.0001 understgnd sk G
approach that allows me to e ime
be prepared to care for )
CBRNE-exposed patients The teaching 0.6% (3)  2.8% (15)  96.6% (510)  0.2% (1)
offered was
| feel that | have the 19.0% (40)  86.3% (182) <0.0001 relevant
knowledge and skills to R
ST e T The teaching 04% (2)  34% (18)  96.2% (508)  0.2% (1)
place of work to care for e)fp‘anded iy
CBRNE patients clinical knowledge
on conditions m
My place of work has a well-  36.0% (72)  63.0% (126) <0.0001 patients or v
functioning plan to care for community
CBRNE emergencies that members may have
can be easily activated. The teachi 029% (1)  63% (33) 93.5% (493)  0.4% (2)
e teachin b b b !
Participants feeling confident or very confident in the following: (4-point expanded mgy 0 ° > 0
Likert scale) clinical practice
Selecting appropriate PPE 17.3% (36)  88.0% (183) <0.0001 and assessment
for the type of event or skills:
potential exposure I feel more 02% (1)  7.4% (39) 92.4% (488)  0.2% (1)
Emergency management of 25.8% (54)  70.8% (148) <0.0001 confident in using
blast injuries specific skills
Emergency management of 10.5% (22)  68.9% (144) <0.0001 taught during the
chemical injuries course be.cause of
Emergency management of 11.0% (23)  66.7% (140) <0.0001 itz teachlng
el oaae I would like to 0.4% (2)  5.3%(28) 94.3% (498)  0.2% (1)
have more trainin
Emergency management of 14.3% (30)  73.8% (155) <0.0001 by visiting &
biological exposure siEEns fin e
Emergency management of 7.2% (15)  55.8% (116) <0.0001 future
CBRNE-injured or exposed
children
Emergency management of 12.4% (26)  69.4% (145) <0.0001
ESEII;ISE—mJured o Erppess Table 7. Instructor courses (Train-the-Trainer)
Understanding of 19.6% (41)  64.6% (135) <0.0001
emergency drugs
Confidence donning and 28.2% (58)  92.7% (191) <0.0001 Kyiv 3 27 16
doffing PPE safely Dni 5 9 9
nipro
Have skills to 12.9% (27) 88.0% (184) <0.0001 P
decontaminate patients Odesa 1 9 7
safely Total 6 45 32
The ability to document 4.8% (10)  40.1% (83) <0.0001

forensic findings of a
potential CBRNE event

2Based on McNemar’s test for paired data.

During more recent stages of the war, to develop practical
hands-on skill stations and drills, we reviewed potential chemical,
biological, and radiologic weapons historically produced and used
by the Russian Federation (or its allies)® to identify plausible risks

Dnipro.? In the wake of the armed 2014 Russian-Ukrainian con-
flict that unfolded in East Ukraine, this teaching hospital scaled-up
and transformed itself into a trauma response center treating thou-
sands of soldiers and civilian casualties and served as the setting for
this advanced training course.

to Ukraine military personnel and civilians.!*> We also prioritized
preparedness, rapid assessment, and treatment guidelines to recog-
nize and manage these acute exposures in wartime settings.
Evaluating a potential CBRNE exposure should also emphasize
(1) immediate life-saving interventions and resuscitation (2),
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Exposure to a CBRNE Agent

Rapid evacuation from exposure
Evacuate outside (if possible)
Upwind away from hot zone
PPE (if available)

Decontamination
Remove contaminated clothing
Municipal (tap) water for dermal exposure to nerve agents, chlorine gas, radiation

Syndromic Identification of CBRNE Agent l

] |

| | |

Weaponized Opioids Nerve Agents
Small (miotic) pupils Miotic pupils, breathing difficulties

Chlorine gas
Eye irritation, Mouth burning

Slow breathing Foaming at the mouth and nose Choking, coughing, wheezing Cough, hemoptysis Risk of infection
Slow heart Sweating and seizures Chlorine odor No odor Skin burns wounds
No odor Pure form: no odor; iImpure: rubber No odor

Biological Agents Radiation
Fever, Rash Vomiting, diarrhea

| !

| ! !

Supportive care/antidotes Nerve Agents

Oxygen, rescue breathing Atropine (to dry up fluid in lungs)
Naloxone: intravenous, nasal Pralidoxime (to stop sei )

Autoinjector (ChemPack)

Chlorine gas
Evacuate from exposure

Oxygen, breathing treatments
Nebulized sodium bicarbonate

Biological Agents Radiation

Antibiotics (Plague/Anthrax) Neutropenic precautions
Ciprofloxacin / Doxycycline Decontaminate wounds
Vaccines (Smallpox) Potassium iodide

Figure 2. Syndromic identification and treatment of a potentially CBRNE agent exposure.

evacuation from the exposure (3), diagnosis of syndromic symp-
toms or toxidromes, and (4) supportive care and antidote therapy,
as described in Figure 2).°

For agents with reversal agents, administration of antidote
therapy soon after the exposure (such as in the prehospital setting
or battlefield) may increase survival and decrease the use of scarce
critical equipment (intravenous fluids, ventilators), medical staff
(emergency or critical care specialists), or space (hospital beds)
in an already fragmented health-care system.*® First responders
at the scene of a potential CBRNE attack should don PPE if avail-
able to avoid secondary contamination. Exposures may result in
characteristic physical examination findings which may guide
the administration of antidotes and other life-saving treatments.'*
Our practical hand-on drills emphasized vital sign stabilization
and physical examination findings performed in the field,'> with
initiation of treatment as early as possible, in the prehospital set-
ting. Importantly, for individuals exposed to weaponized organo-
phosphates and radioactive particles, decontamination should
occur outside the hospital to prevent secondary exposures to
health-care workers and other victims, although this may be a chal-
lenge in the setting of war with artillery exchange and cold winter
conditions. Rapid triage should be performed by responders also
equipped with appropriate level PPE to perform life-saving mea-
sures consistent with Sort, Assess, Life-saving interventions,
Treat/Transport (SALT) triage methods or similar disaster triage
algorithms.!® Once emergency care and decontamination are com-
plete, secondary triage can be performed to match clinical needs
with available resources to balance demands of mass casualties.
The practical skill stations and drills conducted in our CBRNE
courses prioritized these rapid response, decontamination, and
treatment principles.

The CBRNE response training further focused on 3 recom-
mended levels: organizational (policies, procedures, and prepared-
ness); technological (decontamination, security, and treatment);
and individual provider (PPE, knowledge, and practical skills).'”
The first dimension of response and recovery from a CBRNE event
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encompasses human resources, by expanding the number of prop-
erly trained front-line emergency responders in Ukraine. The sec-
ond dimension is interoperability. Coordination of CBRNE
preparedness and response efforts is necessary to maximize read-
iness, response, and adequate equipment in an austere war-torn
environment.'® Other studies have documented similar trauma
training courses in austere prehospital settings.!*?° A third dimen-
sion is developing in-country expertise with strategic thinking and
innovations in low resource settings. Capacity building efforts
should focus on emergency and mass casualty response but also
CBRNE teaching opportunities for new experts in Ukraine to
address current and future threats.>'> This key concept was the
basis for our innovative Train-the-Trainer program. Other pro-
grams (Turkey 2006, Finland 2009, Uganda 2020, Slovakia and
Sweden 2022)*'-%° have implemented similar CBRN training mod-
els but not in the setting of an active war.

Regarding our data, knowledge assessment test scores and self-
assessed confidence scores improved significantly after completion
of the CBRNE course for both health-care providers and non—
health-care providers. Highest confidence rate increases at the
completion of the course were: necessary skills to provide care
to patients after a CBRNE emergency, ability to recognize signs
and symptoms of a potential CBRNE exposure, developing an
organized approach that prepares for care of CBRNE-exposed
patients, selecting appropriate PPE for the type of event or poten-
tial exposure, and having skills to decontaminate patients safely.
Lowest confidence rate increases included: emergency manage-
ment of blast injuries, emergency management of CBRNE-injured
or exposed children, understanding of emergency drugs, and the
ability to document forensic findings of a potential CBRNE event.
The lower self-confidence in these emergency management or
“clinical” skill areas may be attributed to the fact 41% of partici-
pants were non-health-care providers.

To our knowledge, this was the first CBRNE field course to be
conducted in Ukraine using real-time translation since the onset of
the February 2022 invasion. This implementation demonstrated
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the feasibility of a structured CBRNE course to train providers
working in combat or civilian settings. Many of the participants
reported that the knowledge and skills acquired during the
CBRNE courses prepared them well in case of a real event. The
ability to simultaneously train providers from diverse backgrounds
was also exhibited. Participants included health-care providers
(prehospital providers, nurses, physicians) and non—health-care
providers (engineers, police, security, teachers, civil servants)
who may need to function as first responders to CBRNE events that
require timely interventions with limited resources. The benefit of
the course may vary by specialty training and years of experience
and further research should explore this concept as our study was
underpowered to perform subgroup analyses. Feedback from par-
ticipants reflected a need for more dedicated equipment and addi-
tional skills practice, yet this must be balanced with the cost of
equipment and removing practicing health-care providers away
from patient care and non—health-care providers from work
duties for longer multi-day courses.

This CBRNE course was the first step in implementing a struc-
tured training curriculum throughout the country in several stra-
tegic locations. Nearly 10% of participants in our courses
voluntarily completed an additional advanced Train-the-Trainer
program with the objective of establishing dedicated regional train-
ing centers in Ukraine in each major city (eg, Kyiv, Dnipro, Odesa,
Kharkiv, and Lviv). This will also allow for in-country trainers to
lead additional courses in other less populated and difficult to
access regions with the goal of strengthening CBRNE preparedness
throughout Ukraine. Future studies assessing knowledge retention,
impact, and sustainability of this Train-the-Trainer model will be
implemented.

Limitations

The findings in this manuscript are subject to limitations.
Although 523 participants registered for the 2-d course, 38% did
not complete all training assessment components and were, there-
fore, excluded in the analysis. Incomplete assessment components
were due to partial attendance among these participants, report-
edly due to conflicting clinical or professional duties, further jus-
tifying the decision for limiting this to an abbreviated 2-d course.
Although the course was free to enroll in, participants were not
paid a per-diem to be away from work which may have contributed
to some participants not completing the entire course.

As a result of frequent air raid sirens and active missile threats
throughout the courses (particularly in Dnipro and Zaporizhzhia),
participants and instructors were often rapidly ushered to on-site
bomb shelters for safety concerns. In most of these circumstances,
teaching sessions continued either in the shelter or after the danger
had passed, but these disruptions could have impacted course
attendance, trainee education, and knowledge retention. The par-
ticipant subgroup profession sizes were small which may affect the
ability to draw individual conclusions from them, and test perfor-
mance may have been influenced by physician and health-care spe-
cialty and years in practice. Also, specific information regarding
the professions of 41 (8%) of the participants was not available.

Prior CBRNE training or military experience was not collected,
and this may have influenced testing results. Some language bar-
riers were highlighted in the participant feedback and suggest the
need for further interpretation of specific course materials or con-
cepts which were “lost in translation.” Another limitation includes
the wide variation in types of learners who participated in this
course with different levels of medical training and field
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experience. The war, however, has caused significant loss of
health-care professionals from the region, making the recruitment
of same-level learners challenging.

Conclusions

In this study, we report the effectiveness and acceptability of imple-
menting this course to improve CBRNE knowledge with practical
hands-on clinical skills. We successfully accomplished our objec-
tive to evaluate the change in knowledge and skill confidence after
implementation of a CBRNE training course during the Russia-
Ukraine War.

To our knowledge, this is the first implementation of a formal
CBRNE training course in Ukraine since the Russian invasion of
February 2022. The results of this study suggest that the course
was well received and led to significant improvement in CBRNE
response knowledge for a variety of front-line responders.

In addition, this was the first course to offer a Train-the-Trainer
model for Ukrainians to become future content experts and course
directors as CBRNE knowledge is delivered to battle-affected
regions of Ukraine. Future directions will include evaluation of
our Train-the-Trainer graduates, allowing for continued expan-
sion and eventual implementation of these acquired skills in other
low-resource, austere health-care systems during conflict and war.

The ongoing war in Ukraine has resulted in one of the largest
humanitarian crises in modern post-WWII history. Unlike other
historic conflicts, the threat of unconventional weapons use,
including chemical, biological, radiological, nuclear, and explo-
sives, is higher than ever before. It is critical to consider strategies
to best recognize and provide CBRNE response, training, and nec-
essary equipment to frontline providers treating victims exposed to
these potential weapons of mass destruction.
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