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The paper presents the advantages and disadvantages of the current mass events vic-
tim care system with use of the START (simple triage and rapid treatment) procedure
and the usefulness of the StO,, HR and body temperature measurements, which are
communicated via the newly created communication system to the rescue personnel.
The aims of this procedure were:

1. Providing answers to the following:

- Is there a correlation between StO, values and the associated heart rate changes
(AHR)?

+ Are the values of StO, and HR measured at ambient temperatures ranging from
-15 to +40 degrees using the pulse oximeter reliable and reproducible?

+ What values of StO,, HR and body temperature of the victim may be a basis for
secondary evacuation (yellow band) of the victim, and at what point immediate
evacuation (red band) is required?

2. Development of a medical segregation algorithm for use in mass operations, taking
into account the values of 5StO,, HR and body temperature of the injured.

The purpose of the study was to determine the needs for triage, is there a correlation
between StO, values and associated HR values, determined in hypoxia. All of the subjects
were evaluated for HR changes (AHR) associated with gradually decreasing StO, values,
which were determined by near-infrared spectroscopy (NIRS).
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Results:

Conclusions:

Also, if StO, levels, HR and body temperature measurements are reliable in temperatures
in the range of -15 to +40 degrees. Lastly, a modified medical segregation algorithm for
the injured was developed, taking into account the results of the conducted research.

The test material was obtained from 100 pilots during training in the hypobaric chamber,
under normobaric hypoxia conditions (when breathing in a low-oxygen gas mixture),
and results from the thermal chamber examinations.

The studies have shown that as the StO, decreases to about 85%, there is an increase in
the heart rate. After that, in most of the subjects, it slows down without a transitional
phase of oscillations or plateau rhythm. StO, levels ranging from 95% to 85% showed
an average, significant relationship with HR -r =-0.361; p <0.001. In the StO, ranging
from 84% to 70%, a significant but weak negative correlation with HR was found - r =
-0.231; p <0.001.

Based on the results of the research and theoretical considerations, a validated triage

algorithm was proposed.
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INTRODUCTION

Triage is the medical segregation procedure to
help the victims of mass accidents, developed to
provide order in emergency assistance via codes.
Procedure should be continued and validated un-
til the end of the rescue operation. In the current
system of segregation and treatment of victims in
such events, the ‘START’ (simple triage and rapid
treatment), the following facts/parameters are
taken into account:

1. Whether the victim is able to walk.

2. The presence of spontaneous breathing and
its frequency - with retained or restored air-
way patency.

3. The presence of pulse in the radial artery.

. The capillary blood flow restitution time.

5. Consciousness, allowing reactions to simple
commands.

Based on these, the “rescuer” (doctor, medical
rescuer, fireman or other suitably trained person)
performs medical segregation. Besides the un-
doubted benefits for the rescue of victims, this
system has significant limitations. The most im-
portant of these is the fact that after first aid deliv-
ery and determining the order of evacuation (giv-
ing the appropriate colour of the straps), victims’
health is no longer monitored by the rescuer. It
should also be noted that measurements of shal-
low breathing frequency and capillary blood flow
restoration time, as recommended for the initial
segregation, may not always be possible to make.
For example, at night or in inaccessible places, at

N

low ambient temperatures and always in unfa-
vourable circumstances such as stress and rush.

The possibility to determine saturation (StO,/
StO,), heart rate measurement (HR) and addition-
ally the body temperature altogether provides
a better, more accurate diagnose of the current
state of affected individuals and gives opportuni-
ty to prioritize appropriate medical care. Our arm-
band (EvaCopNet) with built-in sensors, records
and measures the value of the abovementioned
parameters and sends it via a wireless commu-
nication system to the rescue station. Apart from
that it allows the rescuer to track the current loca-
tion of the victim. Using this device has helped to
create conditions for monitoring victims’ health
and whereabouts. Our research created the basis
for the verification of the existing rescue algo-
rithm. An answer to the question of whether the
values of StO, and HR should be used as interre-
lated or completely independent of one another
is needed for verification purposes.

Scope of work
The aims of this procedure were:
1. Providing answers to the following:

a. Istherea correlation between StO, valuesand
the associated heart rate changes (A HR)?

b. Are the values of StO, and HR measured at
ambient temperatures ranging from -15 to
+40 degrees using the pulse oximeter relia-
ble and reproducible?
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c. Whatvalues ofStOz, HR and body temperatu-
re of the victim may be a basis for secondarily
evacuation (yellow band) of the victim, and
at what point immediate evacuation (red
band) is required?

2. Development of a medical segregation algo-
rithm for use in mass operations, taking into
account the values of StO,, HR and body tem-
perature of the injured.

METHODS

The testing material consisted of:

1. Levels of StO,, HR and A HR obtained from 100
pilots during the assessment of the TUC “time
of useful consciousness”, while in the hypo-
baric chamber (KNC), under conditions corre-
sponding to the height of 7,500 meters above
the sea level.

2. Levels of StO, and HR obtained during the as-
sessment of the TUC in pilots breathing the
hypoxic nitrogen-oxygen gas mixture (7.1-7.3%
oxygen) - corresponding to the altitude of
7,500 m under normobaric conditions [3].

3. Levels of StO, and HR measurements of four
subjects in a thermobaric chamber under
standard conditions, at temperatures of -15°C,
0°C, + 15°C, + 40°C.

While marking the TUC - time of useful con-
sciousness (the time measured from the onset of
acute hypoxia, to the end of one’s consciousness
and functional fitness) in the hypobaric chamber,
pilots were exposed to acute hypoxia, correspond-
ing to a height of 7,500 m. and reduced baromet-
ric pressure, which at this height is about 1/3 of the
pressure at sea level. The study was conducted be-
fore the noon, subjects were seated and at least
2 hours after the meal. All pilots were equipped
with personal high-altitude equipment - a helmet
and a mask, connected to breathing regulators set
at 100% oxygen in the chamber. The oxygen was
inhaled for 45 minutes prior to altitude exposition
as a decompression sickness precautionary meas-
ure. After this period the pressure in the chamber
was lowered to that corresponding with 7500m
(around 25 000 feet) and StO,, HR and ECG were
recorded and monitored. Each pilot was exposed
to hypoxia by switching his breathing circuit to
breathing chamber air. Additionally, as a psycho-
physiological measure, pilots counted down from
1000 to 0 on a sheet of paper. Indications for
termination of the test and re-administration of
oxygen were manifestations of hypoxia such as: a
substantial decrease in StO, (less than 70%), a sud-
denincrease in heart rate by at least 20 per minute

or rapid HR decrease, cardiac conduction distur-
bances and a large number of errors in counting
numbers or unreadable hand writing.

A similar methodology was used to determine
the TUC with breathing a low-oxygen gas mixture
(71-7.3% oxygen), using a GSz-6 sealed helmet,
under normobaric conditions. Criteria used for ex-
position termination were the same in both test
procedures.

All of the subjects were evaluated for HR
changes (AHR) associated with gradually de-
creasing St02 values, which were determined by
near-infrared spectroscopy (NIRS). An integrated
“Barbakan” monitoring system and a PXM - 200
pulseoximeter (put on the 2nd or 3rd finger of the
hand) were used for recording.

The effects of temperature on the StO, sensor
were measured using a thermobaric chamber at
temperatures -15°C; 0°C; 15°C and 40°C, in normo-
baric conditions. The atmospheric pressure on the
day of the test was 769mmHg/1025.25 hPa. StO,
measurements at -15°C were recorded when the
respondents reported feeling cold and chills. The
MAX30100 (Pulse Oximeter and Heart-Rate Sen-
sor ICs made by Maxim Integrated) sensor was
used (fig. 1). The StO, measuring sensor and the
skin surface temperature sensor are located on
the inner side of the band. During the test, the
device was placed on the inner side of the wrist
(fig. 2). The test subjects did not wear gloves, the
band was exposed directly to ambient temperature.

J.,ﬂ

Fig. 1.  The wrist sensor band used in experiments.

Fig.2.  Wrist sensor placed on the subject’s limb.

28 | 2018 | Volume 24 | Issue 2 |

www.pjambp.com



Kopka L. et al. - Mass casualties...

The results obtained during the TUC measure-
ment (in hypobaric conditions) were subjected to
statistical analysis using the R package. For the
values of StO, and HR obtained for each of the ex-
amined and for the whole group, the mean, stand-
ard deviation and minimum and maximum values
were calculated. The HR values (AHR) for the StO,
range from 95% to 85% were calculated respec-
tively for the heart rate recorded with StO, of 95%.
For the StO, range from 84% to 70% AHR was cal-
culated with the HR value recorded at StO, of 84%.
In order to evaluate the relationship between StO,
and A HR, the Spearman correlation coefficient
was determined. The statistical significance level
was p <0.001.

RESULTS

The maximum, minimum and average values of
StO, and HR for the whole group are presented in
table 1.

Tab.1. The maximum, minimum and mean values of
StO, and HR in the examined group.

N=100 Min Max Mean sD

St0,(%) 68 92 81,9 4,9

HR/min 72 147 110,7 15,4

HR- heart rate; StO, - tissue oxygen saturation

During the measurement, 87 patients had grad-
ually increased HR with progressive decline in StO,
values, followed by:

1. In 36 patients, there was an oscillation / plateau
phase after which the HR dropped - HR re-
sponse: increase-oscillation-decrease, as shown
in figure 3.

2. In 51 subjects, the HR dropped without the
transitional phase of oscillation/plateau — HR
response: increase-decrease, as shown in fig-
ure 4.

In the remaining 13 subjects, the HR changes
were not typical of any of the above described
change models. The threshold value of StO, at
which the above HR response types were ob-
served was approximately 85% for most of the
respondents.

For the majority of the respondents, the HR
drop (regardless of type of response) occurred at
StO2 <85% - as shown in figures 5 and 6.

On the common ordinate - HR signal and
StO,signal. Blue line: StO, signal in the range of 95-
85%, red line - StO, signal below 85%. Green line
- filtered HR waveform.

Changes in heart rate (AHR) in the analyzed
ranges of StO, values are shown in table 2.

5p02

] BT+

(=

Puls

FETT

Fig. 3.

HR response type: increase - oscillation / plateau — decrease.
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Fig.4.  HRresponse: increase-decrease.
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Fig. 6.

AHR (bpm)

5t02 95% - 85% St02 84% - 70%

Min -27.59 -45.14

Max 32.25 30.22

Mean 2.85 3.19

+SD 6.56 7.84

Minimum, maximum and mean values of
heart rate changes (AHR), depending on the
StO, range.

StO, - tissue oxygen saturation; AHR — decrese/increase of heart rate

In the StO, range of 95%-85% there is a signifi-
cant, average negative correlation between the
HR value and StO, - Spearman correlation coeffi-
cientr=-0.361; p <0.001.In the StO, range of 84%-
70% there is a significant, poor, negative correla-
tion between the HR and StO, values of the Spear-
man correlation coefficient r =-0.231; p <0.001.

Similar correlation was observed between
StO,and HR values during TUC measurement us-
ing a nitrogen-oxygen (7.1-7.3% oxygen) mix un-
der normobaric conditions.

Studies in the thermobaric chamber show that
measurements of StO, and HR values at tempera-
tures of -15°C to +40°C were unaffected/within
the range of 95-98%. The discrepancies between
the values of consecutive StO, determinations at
4-minute intervals (for 16 minutes) ranged be-
tween 1 and 2%, occasionally up to 3%, which is
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consistent with commonly accepted error criteria
for this measurement method.

The temperature of 4 patients was measured
in the thermobaric chamber. The correlation co-
efficients between the measured body tempera-
ture, measured at room temperature of 22°C, and
measured by the sensor (located in the band) at
selected ambient temperatures are shown in table
3. The average body temperature of the subjects
prior to entry into the chamber was 36.7 + 0.14 ° C.

Tambient Correction factor

1 -15°C +14.6£0.29°C
2 o°c +12.6£0.23°C
3 +15°C +10.6£0.12°C
4 +40°C +1.6£0.26°C
Tab.3. Correction factors between the temperature

of the body examined before entering the
thermal chamber and measured by the sensor
inthe band at various temperatures inside the
chamber.

DISCUSSION

StO, determinations are made mainly for clini-
cal purposes, the diagnosis and monitoring of
respiratory illness. It should be emphasized that
in a healthy individual, the oxygen saturation level
should be within the range of 94%-99%. In pa-
tients with mild respiratory diseases, StO, is 90%
or above. Usually, oxygen therapy is administered
if the StO, value is less than 90%. Numerous stud-
ies have been conducted on tissue saturation in
the affected population.

Saturation was measured during hospital ad-
mission, as a predictor for hospitalization [2], the
severity of shock and prognosis of healing [1,6]. It
can help predict the need for blood transfusions
during the next 24 hours in patients with a high
shockrisk [5]. Sofar, data on the study of the useful-
ness of StO,, HR and body temperature measure-
ments for medical segregation in mass accidents
is nonexistent. The authors underline that the low-
er the value of StO,, the worse the prognosis is [1],
which - although obvious - at the same time does
little to contribute to the rescue algorithm in mass
events. Some studies show that the possibility of
hospitalization was higher in patients with a StO,
value below 75-76% [2]. But it is surprising that
their general condition was not correlated with
the outcome of StO, measurement. Some patients
with 67% StO, values were not eligible for hospital
treatment. It is proposed that for the needs of tri-
age, the statistical cut-off value of StO, should be
76-78%. In addition, there is no information on the

further fate of patients not qualified for hospital

treatment despite such low saturation values, and

equally important for the START algorithm is how
long they had a reduced StO, value before they
reached the hospital emergency department.

And how did it affect the prognosis?

The system (during the EvaCopNet project) of
monitoring and transmitting the current values of
these parameters to the rescuers has created a ba-
sis for verifying the current algorithm of the START
system. In our own studies, an insufficiently big
negative correlation was found between StO, and
HR values to allow for the use of such interrelation
(in a significantly related way) for triage. However,
it was found that in most pilots the heart rate in-
creased with the drop of StO, up to the value of
85% and then gradually decreased.

But it should be emphasized that:

- the study involved clinically healthy pilots,

- StO, and HR markers were performed in per-
sons at rest and relaxed, under specific oxygen
deficiency conditions. Therefore, the results
may, for the purposes of triage, only be useful
for examining the correlation between StO2
and HR values,

- hypoxia is individually varied and even un-
equal in the same pilots during subsequent
periodic examinations,

- lesser tolerance to hypoxia is observed in: old-
er people, less fit (with lower VO2max), physi-
cally overworked or sleep deprived. Subjects
with increased metabolism (e.g. with elevated
body temperature, hyperthyroidism, hyperac-
tivity), anaemia, vascular-motor dysfunction
(e.g. under the influence of alcohol) cope even
worse.

It is also worth noting that:

— factors other than saturation may influence
the HR level of victims: pain, anxiety, stress, en-
vironmental or weather conditions and most
importantly, the health condition before the
event,

- injured persons with a decreased haemoglo-
bin level can have normal haemoglobin satu-
ration and at the same time be in severe hy-
poxia,

- StO, measurement has some limitations - the
causes of incorrect measurement may be:
movements, muscular tremor, lack of ad-
equate pulse wave amplitude (e.g. hypother-
mia, reduced peripheral perfusion due to hy-
potension, tachycardia or significant bradycar-
dia - resulting in prolonged response time of
the pulse oximeter), lowered Hb value - by 7-6
g% , administration of pressure amines, car-
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bon monoxide poisoning (in such event SpO,
values oscillate within 100%),

- smoking can resultin the overestimation of the
SpO, score, and nail polish (green, blue, black)
may lead to underestimation (depending on
the light absorption).

For above-mentioned reasons, regardless of
the results of the studies, the relationship between

Breathing?

|5 the victim conscious?

StO, and HR values cannot be used in a coherent
manner. For triage, it is important to establish the
StO,, HR and body temperature values for victims
at which a patient still has a chance of survival, in-
cluding the potential for oxygen therapy and the
time needed for hospital transport or specialist
medical attention.

Can walk, overall
state good

Despite airways patent not
Put victim in safe position breathing, no pulse on carotid
arteries

Measure StO, I HR

Oxygen administration

with -AHR of 20/min
present through atleast 30s.

5t0, <84%

Y

Unmeasurable

A

50, 285% < 924 Check wristband

Check radial artery pulse
and capillary reflow

St0, normal (94-98%)

Stop bleeding

HR >120 /min.
Capillary reflow 2 2sek.
Cyanosis o pale skin, dyspnoea

HR<120/min, >60/min.
Capilary reflow < 1.

absent

Check motoric functions

(speech disturbances?
present limb paresis?)

-AHR - heart rate decrease
HR - heart rate
510, -tissue hemoglobin oxygen saturation

Fig.7.  Verified algorithm for dealing with victims.
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In this study it was shown that in most pilots
the heart rate increased with the drop of StO,, up
to its value of 85%, and then gradually decreased,
which was in line with the beginning of the hy-
poxia decomposition. The results of the study
were included in the developed algorithm as well
as the values of StO,, AHR and body temperature.
It is worth noting that for the needs of the START
system, the very fact of the presence of a measur-
able heart rate, which allows for the measurement
of StO, level, is valuable.

The time of useful consciousness for pilots
breathing with a low oxygen gas mixture (7.1-7.3%
oxygen) - under normobaric conditions, is about
2 minutes longer than that measured in low pres-
sure chamber at a simulated altitude of 7,500 m
above sea level (under hypobaric conditions) and
is within the range from 4 min 40 s to over 10 min
30 s (average 7 min 20 s to 8 min 10 s). It shows
that even in such extremely unfavourable condi-
tions of oxygen shortage, the rescuer providing
medical care at the scene of the event would have
enough time to administer the necessary oxygen
therapy. These facts are included in the proposed
triage algorithm.

Studies conducted in a thermal chamber show
that the temperature in the range of -15 to +40 de-
grees Celsius, does not affect the functionality or
reliability of the sensors used to determine SpQO,
levels as the subjects were kept at -15°C until the
first sensations of cold or light chills (@bout 16 min),
our results could not be used to assess tempera-
ture effect on the SpO, value of the human body.
With longer-lasting cooling of the body, it would

AUTHORS’ DECLARATION:

be expected that circulatory/congestive hyper-
tension would lead to an additional decrease in
Sp0,. Hypothermia is a condition in which the
body temperature drops below 36.6 degrees
Celsius. Its value below 29 degrees Celsius is life-
threatening. For triage purposes, it is worth not-
ing that during therapeutic hypothermia (for the
purpose of protecting the CNS), the controlled
cooling of the body is kept to a temp of between
32 and 33 degrees for 12 to 36 hours. Taking into
account all of the above, it seems that, for the pur-
poses of the START algorithm, if the victim's body
temperature is less than or equal to 33 degrees
Celsius, he/she requires immediate first aid (cover-
ing with a thick blanket, warm jacket, warm tea,
etc.) and the band turns red. If the victims’ tem-
perature is 34-35 degrees, the band turns yellow.
The wristband used in the project has the option
to change colour automatically.

In conclusion, further validation of the algo-
rithm, which would allow even more accurate use
of the StO, and HR values for the triage, would
require testing with enforced (breathing a low-
oxygen gas mixture) and reduced levels of StO,
values. The question of how long can an injured
person with certain StO, values safely wait to re-
ceive specialist medical help should be answered.
Based on the results of the research and theo-
retical considerations, we propose a verified al-
gorithm for dealing with victims in mass events,
presented in figure 7.
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REFERENCES

1. Cohn SM, Nathens AB, Moore FA, Rhee P, Puyana JC, Moore EE, Beilman GJ. Tissue oxygen saturation predicts the develop-
ment of organ dysfunction during traumatic shock resuscitation. Journal of Trauma-Injury Infection & Critical Care. 2007;

62(1):44-54.

2. Davis WT, Lospinso J, Barnwell RM, Hughes J, Schauer SG, Smith TB, April MD. Soft tissue oxygen saturation to predict
admission from the emergency department: a prospective observational study. American Journal of Emergency Medicine.

2017, 35(8):1111-1117.

3. Golec L. Niedotlenienie wysokoSciowe. WIML, PTMS, Warszawa 1998:59-61.

© The Polish Journal of Aviation Medicine, Bioengineering and Psychology

2018 | Volume 24 | Issue 2 | 33



Short Communication

4. Leone M. Blidi S, Antonini F, Meyssignac B, Bordon S, Garcin F, Charvet A, Blasco V, Albanése J, Martin C. Oxygen tissue satu-
ration is lower in nonsurvivors than insSurvivors after early resuscitation of septic shock. Anesthesiology. 2009; 111(2):366-
371.

5. Lyon RM, Thompson J, Lockey DJ. Tissue oxygen saturation measurement in prehospital trauma patients: a pilot, feasibility
study. Journal of Emergency Medicine. 2013; 30(6):506-508.

6. Smith J, Bricker S, Putnam B. Tissue oxygen saturation predicts the need for early blood transfusion in trauma patients. The
American Surgeon. 2008; 74(10):1006-1011.

Cite this article as: Kopka L, Zawadzka-Bartczak E, Kowalczuk K, Piotrowski M, Krej M. Mass Casualties Triage Algorithm With
The Use of StO, Levels, HR And Body Temperature Measurements. Pol J Aviat Med Bioeng Psychol 2018; 24(2): 26-34. DOI:
10.13174/pjambp.30.10.2019.04

34| 2018 | Volume 24 | Issue 2 | www.pjambp.com




