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ABSTRACT

BACKGROUND: In the patients with multiple and serious trauma, early applications of life-saving procedures are related to im-
proved survival. We tried to experimentally determine the feasibility of life-saving interventions that are performed with the aid of
night vision goggles (NVG) in nighttime combat scenario.

METHODS: Chest tube thoracostomy (CTT), emergency cricothyroidotomy (EC), and needle thoracostomy (NT) interventions
were performed by |0 combatant medical staff. The success and duration of interventions were explored in the study. Procedures
were performed on the formerly prepared manikins/models in a bright room and in a dark room with the aid of NVG. Operators

graded the ease of interventions.

RESULTS: All interventions were found successful. Operators stated that both CTT and EC interventions were more difficult in dark
than in daytime (p<0.05). No significant difference was observed in the difficulty in the NT interventions. No significant difference was
observed in terms of completion times of interventions between in daytime and in dark scenario.

CONCLUSION: The operators who use NVGs have to be aware of that they can perform their tactic and medical activities without
taking off the NVGs and without the requirement of an extra light source.

Keywords: Battlefield; darkness nighttime; emergency cricothyroidotomy; needle thoracostomy; night vision goggles; tube thoracostomy.

INTRODUCTION cases with airway obstruction, which develop due to penetrat-

ing maxillofacial or neck trauma, can be prevented by emer-
An accurate and rapid prehospital response to life-threatening  gency cricothyroidotomy (EC) intervention.[*s! The success
injuries is of great importance in both civil and military criti-  rate of the procedure varies from 62% to 100%, depending on

cal care. The loss of airway is the third leading cause of pre- (o operator.¥l EC is a life-saving procedure in the battlefield
ventable death on the battlefield,!"” and approximately 1% of

emergency airway management cases require surgical airway
opening.’! It has been reported that approximately 8%—15% of

when airway interventions are ineffective or contraindicated.
U1 EC is one of the last available options in difficult airway
algorithms, when the state of “can’t intubate, can’t ventilate”
exists.’l The survival rate of patients is low if this procedure
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in TPNX is NT, which is applied in the second intercostal
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space (ICS) on the midclavicular line.”'% This life-saving pro-
cedure transforms TPNX to simple pneumothorax prior to
the application of chest tube thoracostomy (CTT), which is
the definitive method of treatment.>'"! Although the failure
rate is significant, it is extremely important for decreasing in-
trapleural pressure and gaining time to prepare for CTT. The
success rate of procedures decreases on the battlefield due
to the limited number of medical personnel, insufficient light,
stress, noise, and ongoing hostilities. This situation becomes
even more difficult, especially in nighttime conditions, due to
light discipline. Due to this limitation, soldiers commonly use
night vision goggles (NVG) during military operations con-
ducted at nighttime.l'2 Although NVG are widely used, neg-
ligible research can be made in the dark with NVG in terms
of the evaluation and care of the patients. To be able to ef-
fectively determine wound characteristics and perform the
necessary interventions at night, vision and light restrictions
can be mitigated with the use of tactical NVG. The study by
Butler et al.F! describes a tragic example of the harm and dam-
age that can be caused when an extra light source is used by
paramedics/medics in the field of combat in the absence of
NVG that we recommend. The method that should be used
in a tactical light-restricted environment is still unknown. We
considered that the success rate of EC, NT, and CTT manage-
ment at night with NVG would be the same as that in daylight.
The aim of the present study was to compare EC, NT, and
CTT procedures, which would be managed in daylight and in
a dark room with the aid of NVG, in terms of their success
rates and administration duration. The aim of our study was
to experimentally establish the feasibility of these life-saving
interventions performed by combatant medical staff in a night-
time combat scenario with the aid of NVG.

MATERIALS AND METHODS

Participants and Assessment Tool
The GATA Ethics Committee approved the study (04/2015-

786). In our study, all interventions were performed by ex-
perienced combatant medical staff, including 10 members
who had been trained in Battlefield Advanced Trauma Life
Support, which is a part of military tactical training. All mem-
bers had >5 years of experience in tactical emergency medi-
cine and tactical night operations with NVG. The operators
were trained for EC, NT, and CTT procedures by specialists
in military emergency medicine. This refreshment training
(theoretical and practical), including anatomical landmarks
and procedural tools, lasted for 60 min for each individual
application. EC, NT, and CTT procedures were performed in
the daytime by the naked eye in a bright room on previously
prepared manikins/models (Fig. la-c). The second group of
the same procedures was performed in a dark room, entirely
insulated from light and with the aid of NVG (Fig. 2a-c). In-
terventions performed in daylight and in a dark room were
randomized using www.randomizer.org, and all operators re-
peated each intervention twice. The study investigated the
success and duration of the interventions. Operators graded
the ease of intervention using a visual analog scale (VAS), with
scores from | to 10: 10 for the most difficult interventions
and | for the easiest interventions. These parameters were
examined by specialists in military emergency medicine who
were responsible for the study, and the results were record-
ed. During the interventions in a dark room, the operators
and specialists in emergency medicine used monocular NVG
(Aselsan 983A, Turkey-1995) (Fig. 3a).

Phases of Manikins/Models Formation

Needle Thoracostomy Manikin: A manikin (Simulaids
Inc., Tension Pneumothorax Simulator, Woodstock, New
York, USA) was used for this model (Fig. 3b).

Model of Emergency Cricothyroidotomy: The trachea
was simulated with the air-draining tube of a mechanical ven-
tilator (2.5-cm diameter). For fixation, the lateral walls of
the simulated trachea were restricted with spume. Pieces of

Figure 1. (a) Cricothyroidotomy intervention in daytime. (b) Needle thoracostomy intervention in daytime. (c) Chest tube
thoracostomy intervention in daytime.
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Figure 2. (a) Cricothyroidotomy intervention in nighttime with night vision goggle (NVG). (b) Needle thoracostomy
intervention in nighttime with NVG. (c) Chest tube thoracostomy intervention in nighttime with NVG.

spume were placed on the trachea for simulating the thy-
roid and cricoid cartilage. Silk plaster was placed between
these cartilages to form the cricothyroid membrane (CTM).
Chicken meat was used to simulate subdermal tissues (Fig.
3c), and neck-like plastic moulage was used to simulate the
skin (Fig. 3d).

Model of Tube Thoracostomy: The internal surface of
a sheep thorax was covered with greased cooking paper to
simulate the parietal pleura. For simulating the dermal and
subdermal tissues, chicken meat and skin was used to cover
the external surface of the sheep thorax (Fig. 3e).

Procedure Steps and Criteria for Procedural Success

Needle Thoracostomy: The first step is the determination
by palpation of the second ICS by the operator. In the second
step, a 16-G needle is placed on the second ICS midclavicular
line by advancing it from the upper margin of the lower rib so
that the sound of air is heard.

Emergency Cricothyroidotomy: The first step is the de-
termination of the space to reach the CTM by the operator
by palpating the thyroid and cricoid cartilage. In the second
step, the CTM is palpated with one hand, whereas the other
hand is fixing the trachea. In the third step, a vertical skin inci-
sion is made, down to the CTM using a #10 scalpel, and the
CTM is reached by making a blunt dissection. In the fourth
step, a horizontal incision is made on the CTM, and the open-
ing is secured with a tracheal hook. The fifth step requires
placing a tracheostomy cannula and expanding the cuff with
10 cc of air. In the sixth step, the bag valve mask is tied, and
bilateral lung ventilation and inflation are observed.

Tube Thoracostomy: The first step is the determination
of the fourth or fifth ICS as the selected localization by the
operator by palpating the related area. In the second step, the
upper part of the lower rib is marked in the ICS where the
intervention will be performed; this is followed by the con-
secutive local anesthesia procedures of the skin, subdermal
tissue, and parietal pleura. In the third step, the simulated
parietal pleura is reached by blunt dissection, following 4-5
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cm of transverse incisions of the skin and subdermal tissue
performed on the ICS; a “pop” sound must be heard to en-
sure that the parietal pleura in penetrated. In the fourth step,
the site of the Heimlich valve to the chest tubing is clamped;
the part that would be advanced to the thorax is placed in the
pleural space with the aid of a curved Kelly clamp and from
the area on which the blunt dissection is performed.

(@
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Figure 3. (a) Night Vision Goggle. (b) Model of Needle Thoracos-
tomy. (c) Cricothyroidotomy neck model without plastic moulage.
(d) Model of Emergency Cricothyroidotomy (Completed). (e) Model
of Tube Thoracostomy (Completed).
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In the fourth step, the distal end of the chest tube is clamped.

The proximal end of the chest tube is held with a curved Kelly
clamp that is used to guide the chest tube through the tract.
The chest tube is advanced to the pleural space from the
dissection area. In the fifth step, a tube is connected to the
Heimlich valve, and the clamp is extracted. In the sixth step,
the tube is fixed with a skin suture.

Sample Size

We calculated that a minimum of eight patients in each
group would be required to detect a 20-s difference between
groups, assuming a standard deviation (SD) of 20 s with 80%
power at an o level of 0.05.

Statistical Analysis

Windows SPSS 22.0 (IBM statistics for Windows version 22,
IBM Corporation, Armonk, New York, United States) was
used for data analysis. Descriptive data were expressed as the
median values and SD (minimum—maximum). The Wilcoxon
test was used for comparing the two groups. Comparison
of more than two groups was made using the Friedman test.
Dual analyses were performed using the Bonferroni correct-
ed Wilcoxon test when the Friedman test results revealed
statistically significant differences. A p value of <0.005 was
considered as statistically significant.

RESULTS

Abbreviations for applications performed in daytime by the
naked eye were expressed as “Day.” Conversely, “NVG” was
used for interventions using NVG (such as EC-D, NT-NVG,
and CT-D).

Difficulty Degree of Procedures

Operators rated the difficulties in CTT-NVG and CTT-Day, and
the CTT-Day and CTT-NVG VAS scores were 5.20 and 7.05, re-
spectively; the difference was statistically significant (p<0.007).

EC-NVG and EC-Day difficulty was compared, and EC-Day
and EC-NVG VAS scores were 3.50 and 5.50, respectively;
the difference was statistically significant (p<0.005). NT-Day
and NT- NVG VAS scores were the same, and no significant
difference was observed in the difficulty between NT-NVG
and NT-Day (p=1.0) (Table I).

Success Rate

All interventions performed with the naked eye in the day-
time and by NVG in the dark were found to be successful.

Completion Time of Procedures

Completion time of CTT-day was 304.930 s, of CTT-NVG was
307.860 s, of EC-Day was 97.42 s, of EC-NVG was 97.740 s, of
NT-Day was 13.346 s, and of NT-NVG was 13.349 s. No signifi-
cant difference was found between completion time of CTT-
Day and CTT-NVG, EC-Day and EC-NVG, and NT-Day and
NT-NVG (p = 0.799, 0.878, and 0.959, respectively) (Table 2).

DISCUSSION

The main finding of this study was that there was no differ-
ence in the success rate and completion time of CTT, EC, and
NT between the daylight and NVG use in dark. The evalua-
tion and management of the patient is highly dependent on
good lighting conditions. Strict blackout discipline is extreme-
ly important for all military units, including allies. The type of

Table |I. Difficulty degree of procedures (Visuel Analog Scale Scores)
Visuel Analog Scale Score-Day Visuel Analog Scale Score-NVG p*
MeantSD Min-Max (s) MeantSD Min-Max (s)
Chest tube thoracostomy 5.20+0.5 4.5-6 7.05%1.1 5-85 0.007
Emergency cricothyroidotomy 3.50+0.6 2545 5.50%1 4-7 0.005
Needle thoracostomy 1.40+0.5 1.40+0.4 -2 1.0
#Wilcoxon Test. NVG: Night vision goggles; SD: Standard deviation.
Table 2. Completion time of procedures
Completion Time - Day Completion Time - NVG p*
MeantSD Min-Max (s) MeantSD Min-Max (s)
Chest tube thoracostomy 304.930+16.5 291.1-334.9 307.860+26.9 280.9-372.9 0.799
Emergency cricothyroidotomy 97.420+24.8 65.8-141.3 97.740+23.2 68.8—134.5 0.878
Needle thoracostomy 13.346£1.76 10.9-16.1 13.30+1.05 10.9-14.6 0.959

#Wilcoxon Test. NVG: Night vision goggles; SD: Standard deviation.
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response in a tactical light-restricted environment is still a
matter of debate.!'>'l To establish wound characteristics and
for the related nighttime interventions, vision restrictions are
avoided with the use of NVG.

In the randomized controlled trial study conducted by Brum-
mer et al,['’l Advanced Life Support techniques (ETI and in-
travenous line insertion) performed by the emergency medi-
cal professional in light and dark environments using NVG
were compared with regard to the procedural success and
velocity. The authors reported that NVG could be used in
dark environment in these procedures, but successful re-
sults could be obtained in a longer time period compared
with that by the conventional methods. They also reported
that operators in the study did not have prior experience of
NVG, and this could have contributed to this result. They
suggested extensive training and routine practice for shorten-
ing the durations of applications. Maclntyre et al.l'l showed
the accomplishment of surgical airways in a dark environment
with the use of NVG. Gellerfors et al.l'"? compared the time
for successful ETI in manikins in a prospective, randomized,
crossover study, and found the duration of ETI with NVG to
be longer when compared with their application in daylight
conditions. Schwartz and Charity!'”) compared intravenous
insertion (IVI) procedures in the dark using NVG or a low-
level Fingerlite light source. The success rate in the Fingerlite
group was determined to be statistically higher. They consid-
ered that restricted depth perception, especially in monocu-
lar NVG, and refocusing the goggles manually, could contrib-
ute to this result. Contrary to these results, the success rates
did not differ significantly in our study. We determined that
interventions by the operators using NVG, were performed
in a short time and with complete success. This result is due
to the NVG experience of the operators, extensive training,
and their routine practice in these procedures. Moreover, it
was shown that depth perception affected the extent of suc-
cess in the IVl and ETI but did not cause any restriction in the
CTT, EC, and NT interventions. In conclusion, we established
that interventions with NVG in a dark environment do not
show any statistically significant differences, and therefore,
experienced personnel can perform these interventions in
the field without removing their NVG.

The following are the EC techniques used: the standard surgi-
cal method, tube-over-needle, wire-guided, and rapid four-step
technique. On reviewing these methods in the literature, no
consensus was found to exist on the superiority of a device
or technique. Surgical cricothyroidotomy may be the preferred
procedure for emergent airway management on the battlefield
given the unique restrictions and considerations.!"'®!l The
open technique via a vertical, midline incision is recommended.
I A vertical, midline incision by a prehospital provider who is
not a surgeon is recommended. The advantage of this incision
is the better visualization of the anatomical structures, with
possible enlarging when needed. In addition, the risk of bleed-
ing is lower.!! EC model and procedural steps were designed
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according to the prehospital suggested vertical and midline inci-
sion. Rates of complications (bleeding, damage to airway struc-
ture, false placement, etc.) related to the procedure are high
in the prehospital settings.[) Exposure, visualization, and direct
palpation of the CTM are critical for combat medical person-
nel. When the CTM is visualized, the risk of subcutaneous and
esophageal placements decreases.?*2'l Although EC is a diffi-
cult procedure to perform unaided, the technique can be easily
learned and recalled by minimally trained health care providers.
[221 The success rate and velocity of application of EC varies, de-
pending on the training models. The EC model designed in this
present study was compatible with the theoretical and practi-
cal education related to the conventional EC techniques of the
operators. Although the operators were experienced in NVG
use with tactical aim, EC intervention with NVG was their first
experience. Therefore, we think that the VAS scores of the
interventions performed by NVG were higher than those of
the intervention performed during the daytime.

Insufficient needle length, false catheter placement, catheter
kinking, and luminal obstruction by blood clot are considered
to be among the causes of unsuccessful NT. Chest wall thick-
ness can affect the chances of successful NT.®) When second
ICS midclavicular line and fourth ICS anterior axillary line
were compared in terms of the chest wall thickness, 2ICS
was found to be significantly thicker. According to the PHTLS
guideline, interventions performed at the fourth/fifth ICS an-
terior axillary line (lateral approach) can be used alternatively.
23] Givens et al.?1 have used a 5-cm catheter via the 2ICS, and
the success rate was found to be approximately 75%. When
interventions were performed via the 2ICS with a catheter
of 8 cm in length, interventions were found to be successful
in more than 90% of the cases.”™ The Committee of Tactical
Combat Casualty Care (TCCC) recommends an 8-cm, 14-G
needle for an NT. However, a long needle is also known to
increase the risk of complications.l! Extensive bleeding due
to large arterial injuries, cardiac tamponade, and neural in-
jury are among these potential complications.?! A serious
complication (left ventricular damage) may occur, especially
in the lateral approach.’”” Butler et al. and Rawlins et al.l?®
have reported injuries leading to life-threatening bleeding,
following NT procedures performed via the 2ICS. We also
used 14-G, 8-cm needles in our study, and participants were
trained in interventions via the 2ICS, as recommended by the
TCCC. Nevertheless, complications could not be reported
as the study was conducted with manikin/models. Possible
death is prevented by the first therapeutic approach in the
prehospital TPNX. However, decompression by needle may
also be inefficient due to causes unrelated to the operator,
such as a catheter of insufficient length, catheter kinking, and
luminal obstruction by blood clot.

Although the first-line treatment option in prehospital TPNX
has been accepted as NT, we suggest that operators will man-
datorily apply CTT in the battlefield in the future, in the event
of possible failure or irresponsiveness to therapy. Therefore,
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we tested the skills of the operators for CTT intervention
both in the daytime and at night.

Dominguez et al.*) have reported the essentials of CTT as
the clinical signs of a stable patient and the evaluation of the
intrathoracic air and blood by chest X-ray and thorax CT,
rather than the prehospital application of NT alone. Consid-
ering operation under field conditions, together with the ab-
sence of the appropriate visualization methods for a casualty
requiring CT and the possible length of time it can take to
evacuate the wounded, what should the treatment of choice
be next to NT for casualties not responding to NT and
showing slowly deteriorating clinical signs? Prehospital chest
drainage was demonstrated to improve the survival of severe
trauma patients.®! The authors claimed that simple thoracos-
tomy is safe and effective in prehospital trauma management
and that the procedure requires trained and experienced
operators.B In this case, CTT would be the last choice of
treatment. Combat medics generally respond to casualties
on the operating field. However, regarding this procedure,
combat medics are restricted in terms of their training, skill,
and legal authority. When the options are either the possibil-
ity of preventing the death of a casualty or restrictive factors
in the field resulting in casualties not responding to NT, the
loss of the casualty would become a matter of dispute. In a
prospective study, Schmidt et al.?" investigated 624 consecu-
tive patients with chest injuries and reported that prehospital
CTT is safe, effective, and associated with low morbidity. We
believe that CTT is an effective procedure for the severely in-
jured and that it simplifies treatment in prehospital care while
keeping scene times to a minimum. In future cases considered
for CTT, with the use of NVG, it would be possible to per-
form this procedure in the operating field in the dark. In our
study, all participant operators successfully completed CTT
interventions with NVG. When compared with those con-
ducted in the daytime, the duration of the CTT procedures
conducted in nighttime conditions did not show significant
difference. This projection provides immense support for fu-
ture CTT applications in the field. The findings of this study,
in terms of VAS scores for CTT and the duration necessary
for completion of the procedure, confirmed that CTT can be
successfully applied in prehospital systems.

According to the VAS scale results, the CTT-NVG and EC-
NVG interventions in the CTT and EC procedures were dif-
ficult for the operators. This result was considered to be due
to the operators’ lack of experience in these procedures using
NVG. Because NT intervention is more straightforward and
has fewer procedural steps than CTT and EC interventions,
no difference was observed between NT-Day and NT-NVG.
This result demonstrated that training for the interventions
performed using NVG should be regularly repeated. Our
study has several important limitations. The first limitation
is the use of models instead of real patients in our study. Use
of the organs or tissues of dead animals or the combination
of organic and plastic materials may be more useful in these
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interventions instead of using the manikins alone, which are
produced from plastic materials. Ve consider that procedur-
al duration and success might vary in actual conditions due to
factors, such as bleeding, foreign bodies, battlefield situations,
and noise, which can be evaluated as a second limitation. The
study has not been tested in the dark in terms of tactical
considerations and security, which is the third limitation. The
fourth limitation is the relatively small number of sampling
in our study, and to our knowledge, a study with which our
results can be compared is not available in the literature.

Conclusion

Medical providers must acquire knowledge and experience
about the signs, diagnosis, and treatment of TPNX and airway
obstruction. They must be able to perform these types of
life-saving procedures (EC, NT, and CTT) related to prevent-
able causes of death and undergo frequent training. Training
with NVG in a dark room performed on models and manikins
may also contribute to the procedural success and duration
of these life-saving interventions performed in the daytime
and may also help enhance the operators’ skills at night. Op-
erators who use NVG have to be aware that they can per-
form their tactical and medical activities without taking off
their NVG and without the need for extra light sources when
they have to perform interventions for EC, NT, and CTT
in the dark. In addition, we consider that NVG use in EC,
NT, and CTT interventions performed by paramedics/med-
ics who work as members of humanitarian aid institutions
and perform first aid in the dark in chaotic or disorganized
circumstances can offer safety both for the providers of first
aid and the wounded individuals. Future studies could include
a larger number of participants and different types of NVG.

Conflict of interest: None declared.
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AMAC: Agir ve ¢oklu travma hastalarinda, hayat kurtarici prosediirlerin erken uygulanmasi artmis sag kalim ile iligkilidir. Gece yapilan savas senaryo-
sunda bu hayat kurtarici girisimlerin gece goris gozligi (GGG) yardimiyla uygulanabilirligini deneysel olarak saptamaya calistik.

GEREG VE YONTEM: Goiis tiip torakostomi (GTT), acil krikotroidotomi (AK) ve igne torakostomi (IT) girisimleri |0 adet askeri saglik personeli
tarafindan gergeklestirildi. Calismada girisimlerin basari ve stireleri incelendi. Prosedirler, hazirlanan maket/model tizerinde gtindliz aydinlik odada
ve GGG yardimi ile karanlik odada yaptirildi. Operatorler girisimlerin kolayligini derecelendirdi.

BULGULAR: Tiim girisimler basarili bulundu. Operatorler, gece yapilan GTT ve AK girisimlerini glindiiz saatlerinde yapilan girisimlere gére zor buldu
(p<0.05). igne torakostomi gruplari arasinda zorluk agisindan anlamli fark yoktu. Girisimlerin tamamlanma siireleri agisindan karsilastirildiginda,

glindiiz ve gece senaryolari arasinda fark yoktu.

TARTISMA: Gece goris gozligii kullanan operatorler, taktik ve medikal aktivitelerini yaparken gece goris gozliiklerini gikarmalarina ve ekstra isik

kaynagi kullanmalarina gerek olmadigi konusunda uyanik olmalidirlar.

Anahtar sézciikler: Acil krikotroidotomi; gece goris gozliikleri; igne torakostomi; karanlik; savas alani; tiip torakostomi.
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