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RESULTS OF OPTIMIZATION OF SANITARY AVIATION EVACUATION
IN THE CONDITIONS OF A METROPOLIS

S.A.Gumenyuk

State Budgetary Health Institution of Moscow “Scientific and Practical Center of Emergency Medical Care of the
Moscow City Health Department’. Moscow, Russian Federation

Abstract. The aim of the study is to analyze the main results of opfimization of the work of aviation medical brigades in a metropolis
and the dynamics of typical reasons for refusal to use an ambulance helicopter.

Materials and research methods. The arficle presents the characteristics of the BK-117C-2 (EC-145) helicopter used to deliver patients
to a specialized medical organization.

A retrospective analysis of all aviation medical brigades flights of the Scientific and Practical Center for Emergency Medical Aid of the
Moscow Department of Health in 2017-2019, as well as a comparative analysis of aviation medical brigades performance indica-
tors for 2005-2007 and 2017-2019, was carried out. The main compared indicators: time from the call to the departure of an ambu-
lance helicopter to a patient; time of aviation medical brigade arrival to the place of call; total time before the patient is admitted to a
specialized hospital; typical reasons for a refusal to use a helicopter when there is a call for it.

Research results and their analysis. The analysis of the research results led to the following conclusions:

* use of helicopters fo provide emergency medical care and to carry out air ambulance evacuation of patients in a metropolis makes it
possible to successfully solve a number of complex problems. With the start of optimization and the introduction of algorithms for the
operation of ambulance helicopters, flight time to a patient decreased by 2019, compared to 2007, by 1.9 times — from (33.2+1.07)
to (17.8%0, 72) min;

* when evaluating the results of optimizing the aviation medical brigades work in Moscow, it should be borne in mind that there are
objective limitations when using an ambulance helicopter. If you do not take into account reasons such as a patient's refusal or a lack
of indications for helicopter evacuation, impossibility of using an ambulance helicopter in the metropolis was on average: in
2017-2019 - 6.51% (210 cases per 3227 applications); in 2005-2007 — 10.23%. For about 10 years, impossibility of evacuating
a patient to a specialized hospital has decreased for objective reasons by 3.72%, which emphasizes the effectiveness of the developed
algorithms for air ambulance evacuation of urgent patients in a metropolis.
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PE3YJIbTATbl ONTUMU3ALUU NPOBEAEHUSI CAHUTAPHO-ABUALMOHHOW 3BAKYALUMU
B YCJIOBUAX METAIMOJIUCA

C.A.TymeHiok

IBY3 «HayuHo-npaKkTMYeCcKui LEHTP SKCTPEHHOM MEAULIMHCKOM NoMoLLM [lenapTaMeHTa 3apaBooXpaHeHus
ropoaa Mockeei», Mocksa, Poccus

Pesiome. Llenb MccnenoBaHmsi — NPOAHANMBUPOBATL OCHOBHbIE PE3YNbTATE ONTUMM3ALMM PABOTHI ABUAMEIMLMHCKMX Bpurag,
(AMBp) B Meranonmce 1 AMHAMKKY TUMIMYHBIX MPHUYMH OTKA3A B BbIIETE CAHUTAPHOTO BEPTONETA.

Marepuansl 1 metogel nccneposanms. Mpeacrasnena xapaktepuctka seprtoneta bK-117C-2 (EC-145), ucnonbsyemoro ans
AOCTABKM NALMEHTOB B NpodunbHbie nevebHbie meauumHckme opranmaaumm (JIMO).

BuinonteH petpocnektueHbid aHanus Bcex BbinetoB AMBp HayuHo-npakTyeckoro LeHTpa SKCTPEHHOM MEAMLMHCKOM MOMOLLM
[enapramenta sppasooxparenms r. Mockssl (LIDMIM) 8 2017-2019 rr., a Takke CpaBHUTENbHBIA QHANW3 nokasatenei paboTsl
AMBp 3a 2005-2007 1 2017-2019 rr. OcHoBHble CPABHUBAEMbIE MOKA3ATENM: BPEMS OT MOCTYMIEHMS BbI30OBA AO BBUIETA CAHM-
TAPHOTO BEPTONETA K NALMEHTY; Bpems npubbits AMbBp Ha MecTo BbI3OBa; 0bLLEee Bpems A0 NOCTYNAEHMS ALMEHTA B MPOGMIbHBIMA
CTALMOHAP; TUMUYHBIE MPUYMHBI OTKA3A B BbINETE BEPTONETA MPU HANMYMM BbISOBA.

Pesynbtatel ccnenosanms m ux aHanm3. AHQNM3 pe3ynbTaTOB MCCNEAOBAHMS MO3BOMMA CAENATL CeAyIOLMe BbIBOMHI:

® 1CNONb30BAHME BEPTONETOB AJisi OKA3AHMS SKCTPEHHOM MEAMLIMHCKOM MOMOLLM M NPOBEAEHMS CAHUTAPHO-ABMALIMOHHOM SBAKYQ-
LMW MOLMEHTOB B METAMONMCE NO3BOMISIET YCMEWHO PELLATh Psif, CIOXHbIX 30404, C HAYANIOM OMTUMM3ALMM M BBEAEHUEM QNrOPUT-
MOB paboTbl COHUTAPHbIX BEPTONETOB BPEMs IONETA A0 NAUMEHTA ymeHblmnock k 2019 r., no cpasrenmio ¢ 2007 ., B 1,9 pasa —
¢ (33,2+1,07) no (17,8+0,72) muk;

°* NpM oueHKke pesynbTaTtos ontumuaumn pabotsl AMBp B Mockee crepyet nmetb B Buay, 4TO B CTONMLE CyLLECTBYIOT M OBb-
€KTUBHbIE OrPAHMYEHMS MTPM MCMOSb30OBAHMM CAHUTAPHOTO BepToneTd. Ecin He yunTbIBaTb TAKME MPUUMHBI, KAK OTKA3 NALMEHTA MM
OTCYTCTBME MOKA3QHMI K BEPTONETHOM 3BAKYALMM, TO HEBO3MOXHOCTb MCMOJIb3OBAHMS CAHUTAPHOTO BEPTONETA B Meranonmce
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cocraenana B cpearem: 8 2017-2019 rr. — 6,51% (210 cnyuaes Ha 3227 sasesok); 8 2005-2007 rr. — 10,23%. B teuenwe npu-
MmepHo 10 neT HEBO3MOXHOCTb SBAKYALWM NALMEHTA B NPOMIbHBIA CTALMOHAP CHU3MNACH NO OBLEKTUBHBIM MPUYMHAM Ha 3,72%,
4YTO MOAYEPKUBAET 3P PEKTUBHOCTL PA3PABOTAHHBIX ANITOPUTMOB CAHUTAPHO-ABMALIMOHHOM SBAKYQALIMM YPTEHTHBIX NALMEHTOB B MEra-

nonuce.

Kniouesbie cnoBa: asiamesmumHckme 6puragel, anropUTMbl MCMOb30BAHMS BepToneTa, bpurapsi ckopot MEAUUMHCKOH MOMO-
wwy, Bepronets bK-117C-2 (EC-145), neuebHbie MeguumHcKue opranmsaumm, meramnonuc, Hay4Ho-npakTnyeckuii LeHTp sKc-
TPEHHOM MeamLmHcko# nomolum [enaprameHTa 3apaBooxpaHeHms r. Mocksbl, onTMmm3aaums, CaHUTAPHO-ABMALMOHHAS SBAKY -

Lms, SKCTPeHHAsa MeaMLUMHCKAsa NOMOLLb

Ons untnposanus: [ymeiok C.A. Pe3ynbTatbl onTUMMU3ALMM NPOBEAEHNS CAHUTAPHO-ABUALMOHHOM SBAKYALMM B YCOBUSIX

meranonuca // Meanumna katactpod. 2021. N22. C. 77-80. https://doi.org/10.33266,/2070-1004-2021-2-77-80
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In large cities of the Russian Federation, the share of dis-
eases of cardiovascular system in the structure of requests for
emergency medical care is 47-52%; of central and pe-
ripheral nervous system — 14-17%; of acute surgical pathol-
ogy of abdominal organs — 9-12%; of respiratory dis-
eases — 8-10%. In 2018, more than 3.9 million people
were provided with emergency and urgent medical care in
Moscow. [1-4].

According to the World Health Organization — WHO
(2015), in the structure of prehospital mortality the first place
is occupied by coronary heart disease. The causes of coro-
nary death were: acute myocardial infarction (35.8%);
acute coronary (36.6%) and cardiovascular (27.6%) insuf-
ficiency. Among people aged 45-75 years, in 52% of
cases the death was sudden and occurred within first 1-2
hours after the onset of symptoms, while in 25.6% of cases
prehospital resuscitation measures were successful [5].

The reason for optimizing the previously existing ap-
proaches to air ambulance evacuation with the use of heli-
copters was the assessment of prehospital measures for the
main urgent diseases requiring special freatment: acute coro-
nary syndrome; acute cerebrovascular accident — stroke;
traumatic brain injury; bleeding [6-8]. In patients with the
above diseases, an increased likelihood of developing an
early lethal outcome was perceived. In a number of cases,
there were long intervals between the call to ambulance and
the delivery of the patient to a specialized hospital. At the
same time, it should be emphasized that the time from the on-
set of the disease until the arrival of an urgent patient to a spe-
cialist doctor is an extremely important factor.

The aim of the study is to analyze the main results of op-
timization of the work of aviation medical brigades in mega-
lopolis and the dynamics of main reasons for the refusal for
ambulance helicopter usage.

Materials and research methods. In Moscow, BK-
117C-2 (EC-145) helicopters are used to deliver patients to
specialized medical organizations — Figure 1.

In everyday use of helicopter, its transformable cabin is
equipped with a stretcher. If necessary, the helicopter can
be retrofitted with a second stretcher or with an incubator for
transporting newborns. The equipped medical wall contains:
depending on the helicopter board — either 2 Drager Oxy-
log 3000 Plus artificial lung ventilation devices (IVL), or
Drédger Oxylog 1000 and LTV 1200 Pulmonetic ventilators;
Corpuls 3 combined device with a built-in GSM satellite mo-

KonraktHas un¢popmaums:

lFymeniok Cepren AHAPEeBNY — KAHAWMACT MEAMLMHCKMX
HAYK, 30MECTUTENb AMPEKTOPA MO MeamupmHckou yacti HIL,
MMM O3M

Appec: Poccuns, 129010, Mocksa, bonbwas Cyxapesckas
nn., 8.5/1, cp. 1

Ten.: +7 (495) 608-75-55

E-mail: npcemp@zdrav.ru

dem, including a monitor, defibrillator, pacemaker; atleast
two B. Braun Perfusor Space syringe pumps. Each board is
equipped with a dielectric floor, which makes it possible to
perform electro-pulse therapy in flight. All equipment used
to operate these helicopters is certified for use on aircraft.
A refrospective analysis of all aviation medical brigades
flights of the Scientific and Practical Center for Emergency
Medical Aid of the Moscow Department of Health in
2017-2019, as well as a comparative analysis of aviation
medical brigades performance indicators for 2005-2007
and for 2017-2019 was carried out. The main compared
indicators: time from the call to the departure of an ambu-
lance helicopter to a patient; time of aviation medical
brigade arrival at the place of call; total time before the pa-
tient is admitted to a specialized hospital; main reasons for
the refusal to use a helicopter in case of a call for it.
Research results and their analysis. Currently, in
Moscow, in all cases, except for cases of interhospital med-
ical evacuation, an ambulance team is sent to the patient's
location. Its specialists decide: whether an ambulance hel-
icopter is needed for hospitalization of the patient or not;
whether the helicopter will be able to land at the scene of the
event, or it is possible to transfer the patient to an intercept-
ing platform, which reduces overall hospitalization time.
To optimize aviation medical brigades operation, the
following algorithms were developed for using the helicop-

Puc. 1.Bepronet caHntapHoi aBuaLym, UCMOb3YEMBIA NPU FOCAUTANM-
30UMM NALUMEHTOB
Fig. 1. Ambulance helicopter used for hospitalization of patients
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ter to provide medical care to the population of Moscow:
“Arrival of the helicopter before the arrival of an ambu-
lance brigade”; “Arrival of the helicopter after the arrival of
an ambulance brigade”; "Medical evacuation from med-
ical institutions"; "Work of aviation medical brigades in an
emergency situation”; "Transfer of the patient from an avia-
tion medical brigade to an ambulance team if it is impossi-
ble to use a helicopter."

In each specific case, we tried to determine the most opti-
mal indications, to minimise the time and to adapt approaches
to hospitalization of patients in specialized medical facilities us-
ing a medical helicopter for the conditions of Moscow.

Time of arrival of an aviation medical team to a patient

In Moscow, an average annual number of aviation med-
ical brigades departures was: in 2017-2019. — (752.3 £
2.33) cases; in 2005-2007 — (194.0 £ 5.17) cases,
which highlights the rapid pace of development of air am-
bulance in the capital.

An important criterion for the provision of urgent medical
care is the time of arrival of a doctor to a patient. Results of
the optimisation of aviation medical brigades operation in
2017-2019 are presented in Tables 1,2.

Thus, an overwhelming majority (78.6%) of flights within
Moscow were prepared for departure within 15 minutes from
the moment of a call. An average time spent on preparing

Ta6numua 1/Table No 1

CpepHee Bpems rotoBHoctu AMBp

an ambulance helicopter for departure was: in 2017-2019.
(10.97 £ 1.34) min; in 2005-2007 — (26.48 £ 1.91) min.

The time of flight and evacuation of a patient from the
place of his localization to a respective medical organisation
was no more than 10 minutes, an average time was (6.83
+ 0.67) minutes both in 2007 and 2019.

Thus, in 2017-2019, the total time from the call to the ar-
rival to the patient in 91.8% of cases was up to 40 minutes,
while in 2005-2007 the share of departures within this time
frame was 88.3%.

In general, creation of algorithms and their optimization
resulted in the fact that by 2019 an average time of arrival
to a patient from the moment of a call was reduced from
(33.2£1.07) minto (17.8 £ 0.72) min (Figure 2).

"Ideal" — from the point of view of feasibility and valid-
ity — can be considered the hospitalization of urgent patients
in hospitals from remote areas of the metropolis.

If we compare the delivery of patients to medical organi-
sations by an ambulance helicopter with their hospitalization
by ambulance vehicles, the difference was almost 20 minutes.
During the evacuation by aviation medical brigades, the to-
tal time from the moment of a call till the patient’s delivery to

Tabnuua 2/Table No 2

CpepnHee BpeMsi OT NOCTYNNEHNS BLI3OBA [0 NPpUBLITUS
AMBp Ha mecTo cobbitns 8 2017-2019 rr.

Average time span from call to arrival of aviation medical
brigade at the site 2017-2019

K BbIJIETY B 2017-2019rr. Bpemsi ot BbI30BA AIO Kon-8o Bbinetos, abe./% Cpennee
. o . . MPHBLITS HO MECTO Co- Number of departures, abs. / % 3Haue-
Average time span from call to aviation medical brigade Buimias, min /Time span nwte, %
di ford 2017-2019 from call to arrival at the 2017 2_01 8 2_0] 9 Avegoge,
readiness for departure place, min n=783 n=742 n=703 %
Kon-go shinetos, abe./% CpenHee Ho 15 /Upto 15 79/10,1 79/10,7 | 26/3,7 8,17
Bpems or Bbizoea o -
Ti#'?; snero, N“mbe“’fdezgf]*:esl abs./ % e 15-20 164/20,9 |143/19,3 | 40/5,7 | 15,33
1o departure, min i 20 | B | Avegee | |20-25 185/23,6 |159/21,4 | 76/10,8 | 18,60
5.10 295/37,1 | 274/36,4 |199/28,0 | 33,83 30-35 103/13,2 | 95/12,8 [184/26,2 | 17,40
10-15 255/32,1 | 275/36,6 |301/42,4 | 37,03 35-40 43/55 | 46/6,2 1105/14,9 | 887
15--20 116/14,6 | 102/13,6 [131/18,5 | 15,57 40-45 16/2,1 | 18/2,4 | 41/58 | 3,43
Cebiwe 25/Over 25 17/2,1 21/2,8 23/3,2 2,7 Cauiwe 14/Over 1h 8/1,0 13/1,8 25/3,6 2,13
25 s AMBp 2017-2019
Aviation Medical Team 2017-2019
s AMBp 2005-2007
20 Aviation Medical Team 2005-2007
15
10
5
0
no 15 15-20 20-25 25-30 30-35 35-40 40-45 45-60 6onee
MWH MWH MWH MWH MWH MWH MWH MWH 4yaca
min min min min min min min min Over1 hour

Puc. 2. BpemeHHife MHTEpBANsI OT MOMEHTA NOCTyNNeHMs BbI30Ba A0 npuneta AMBp k naumenty 8 2017-2019 rr, %
Fig. 2. Time intervals from call to arrival of aviation medical brigade in 2017-2019, %
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a hospital — when comparing cases with approximately
same distance to the hospital — averaged (48.8 = 9.1)
minutes. This is almost 2 times faster, if we do not take into
account evacuation from remote areas of the metropolis,
when the total hospitalization time using a helicopter and an
ambulance car was 90.7 and (69.7 + 2.44) minutes, re-
spectively. This supports the performance of created algo-
rithms for aviation medical brigades operation.

The main reasons for non-fulfillment of applications for
sanitary aviation evacuation

During hospitalization of patients by aviation medical
teams in the hospitals of the capital, there were cases when
the helicopter, for one reason or another, could not fly to the
place of the patient's localization. Reasons for non-fulfillment
of requests for the departure of aviation medical brigades in
2017-2019 are presented in Table 3.

The reasons specified in paragraphs 7 and 8 of Table 3
were relevantin 2017, but completely eliminated by 2019.
Clause 7 ("No equipped site"), as a rule, meant either a
snow-covered areq, or inability for ambulance vehicles to
approach it for any other reason that prevents landing of a
medical helicopter. The issue was resolved through con-
stant checking and snow removal. Clause 8 ("Refueling /
crew exchange") — the issue was solved by agreements with
the administration of the Moscow Aviation Center — the flight
personnel began to take over duty not all at the same time,
but at different times. For example, the first helicopter is on
duty from 8: 00 to 18:00, the second — from 10:00 to
20:00, the third helicopter — from 12:00 to 22:00.

The above reasons for non-fulfillment of requests for avi-
ation medical teams departure should be taken into ac-
count in any megalopolis when creating an emergency
medical service in general and air ambulance in particular.

Conclusion

1. The use of helicopters for the provision of emergency
medical care and for the medical and aviation evacuation
of patients in a metropolis allows to successfully solve a
number of complex problems. With the start of optimization
and with the introduction of algorithms for operation of am-
bulance helicopters, the flight time to the patient decreased
in 2019, compared to 2007, by 1.9 times — from(33.2 =
1.07) to (17.8 £0, 72) min.
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Ta6bnuua 3/Table No 3

OCHOBHbIE NPUYMHBI HEBLIMONHEHUS 3ASBOK HA BbINET
AMBp B8 2017-2019 rr.
Main reasons for the non-fulfillment by aviation medical team
of applications for departure 2017-2019

Kon-o sassok, abc./%
0 Number of applications,
PU4AHBI HeBbanﬂHeHHﬂ 3059BOK GbS. / % I/ITOFO %
Reasons of non-fulfillment Total %
of applications 2017 | 2018 | 2019 | o' 7%
n=916 | n=873 [n=1438
1. OtmeHa/3anpet no meTeo-
ycnosusam / Cancellation/prohibi-
tion due to weather conditions 7 5 10/ 97/3
2. 3anpet PepepanbHoi cnyx6bi 75
oxpatbl / Prohibition of the Fed-
eral Guard Service 18 6 54 78/2,4
3. Mo texHuueckum npuumnHam /
For technical reasons 4 4 10 18/0,6
4. Nocapka HesosmoxHa / Land-
ing is not possible 5 5 7 17/0,5
5. OtcyTcTBIE NOKA3AHMM MK HO-
nuame npotusonokasanuit / Ab-
sence of indications or presence of
contraindications 5 7 22 34/1,1
6. OTKka3 naumeHTa,/ OTMEHA Bbi-
sosa / Patient refusal/call cancel-
lation 82 94 40/ |232/7,2
7. Het obopyaosaHHoM naowanku 16
/ No equipped site 8 - - 8/0,25
8. Nosanpaeka/obmeH skunaxa | 259/ | - - 445/
/ Refueling/crew exchange 186 13,78

2. When evaluating the results of optimizing the aviation
medical brigades work in Moscow, it should be borne in
mind that there are objective limitations for an ambulance
helicopter usage in the capital. If not taking into account rea-
sons such as the patient's refusal or the lack of indications for
helicopter evacuation, the impossibility of using an ambu-
lance helicopter in the megalopolis was on average: in
2017-2019 — 6.51% (210 cases per 3227 applications);
in 2005-2007 —10.23%.

3. Thus, within about 10 years, the impossibility of evac-
uvating a patient to a specialized hospital has decreased for
objective reasons by 3.72%, which emphasizes the effec-
tiveness of the developed algorithms for medical aviation
evacuation of urgent patients in a metropolis.
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