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Abstract

Background: Rapid access to emergency medical communication centers (EMCCs) is pivotal to address potentially
life-threatening conditions. Maintaining public access to EMCCs without delay is crucial in case of disease outbreak
despite the significant increased activity and the difficulties to mobilize extra staff resources. The aim of our study
was to assess the impact of two-level filtering on EMCC performance during the COVID-19 outbreak.

Methods: A before-after monocentric prospective study was conducted at the EMCC at the Nantes University
Hospital. Using telephone activity data, we compared EMCC performance during 2 periods. In period one (February
27th to March 11th 2020), call takers managed calls as usual, gathering basic information from the caller and giving
first aid instructions to a bystander on scene if needed. During period two (March 12th to March 25th 2020), calls
were answered by a first-line call taker to identify potentially serious conditions that required immediate dispatch.
When a serious condition was excluded, the call was immediately transferred to a second-line call taker who
managed the call as usual so the first-line call taker could be rapidly available for other incoming calls. The primary
outcome was the quality of service at 20 s (QS20), corresponding to the rate of calls answered within 20s. We
described activity and outcome measures by hourly range. We compared EMCC performance during periods one
and two using an interrupted time series analysis.

Results: We analyzed 45,451 incoming calls during the two study periods: 21,435 during period 1 and 24,016
during period 2. Between the two study periods, we observed a significant increase in the number of incoming
calls per hour, the number of connected call takers and average call duration. A linear regression model, adjusted
for these confounding variables, showed a significant increase in the QS20 slope (from — 0.4 to 1.4%, p=0.01),
highlighting the significant impact of two-level filtering on the quality of service.

Conclusions: We found that rapid access to our EMCC was maintained during the COVID-19 pandemic via two-
level filtering. This system helped reduce the time gap between call placement and first-line call-taker evaluation of
a potentially life-threatening situation. We suggest implementing this system when an EMCC faces significantly
increased activity with limited staff resources.
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Background

Rapid access to emergency medical communication cen-
ters (EMCCs) is pivotal to addressing potentially life-
threatening conditions [1, 2]. The key role of EMCCs is
well established in improving survival in the most severe
patients and in allocating adequate healthcare resources.
The rule that underlies EMCC activity is that the most
urgent calls are immediately treated and appropriate op-
erational resources are promptly dispatched. In France,
EMCCs are organized with a first line of call takers who
answer and analyze calls and then transfer calls to physi-
cians. In emergency situations, rescue teams are immedi-
ately sent to victims.

Maintaining public access to EMCCs without delay is
crucial in case of a disease outbreak or an exceptional
health situation despite the significant increase in activ-
ity and the difficulties to mobilize extra staff resources.
In this regard, the COVID-19 pandemic represents a real
challenge for EMCCs. To maintain performance and
quality of service [3] during the COVID-19 outbreak,
EMCCs have had to change their systems. We evaluated
a new two-level filtering system, as opposed to our trad-
itional one-call-taker system, at the EMCC of the Nantes
University Hospital. The aim of our study was therefore
to assess the impact of a two-level filtering system on
EMCC performance during the COVID-19 outbreak.

Methods

Description of the EMCC system

Our EMCC responds to 100% of medical and trauma
calls for a population of approximately 1.4 million and
received 542,413 incoming calls in 2018. Call takers have
been professionally recognized since 2006 and must at-
tend 1470 h of specific training based on a national pro-
gram and completed over a 12-month period. In
addition, in our EMCC, new junior call takers receive a
4-week training course after which a senior call taker ac-
companies them. Triage is based on the training and ex-
perience of call takers without an algorithmic system.
The EMCC only receives medical or trauma calls. Other
calls, including law enforcement and firefighting requests
are directed to other call centers. For each call received,
call takers generate a computer-aided dispatch report.
Call processing consists in identifying the address or
exact location of the incident, a call back number, the
chief complaint, the simple symptoms and signs of
emergency, the time of the occurrence and the identity
and location of those involved. The call taker synthetizes
and transmits the call to a dispatching physician, if avail-
able, or places the call in the virtual waiting room of the
dispatching physician. Afterward, the dispatching phys-
ician performs a medical evaluation and decides on the
appropriate resources to be sent to the caller. Total staft-
ing consisted of 32 call takers, 69 emergency physicians
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and 44 general practioners. The number of operators
differed depending on the time of day from 3 to 10 call
takers and 3 to 9 physicians. Faced with a major increase
in activity related to COVID 19 and the limited number
of call takers, medical students were trained to answer
to infectious diseases without signs of clinical severity in
two days and assigned to crisis units.

Setting and design of the study

This prospective uncontrolled monocentric before-after
study was conducted at the EMCC of Nantes University
Hospital from February 27th to March 25th 2020. We
defined 2 periods: 1) February 27th to March 11th 2020
with the usual one-level EMCC system, and 2) from
March 12th to March 25th 2020 with the implementa-
tion of a two-level filtering system.

In detail, during period one, call takers handled calls, gath-
ered basic information (address or location of the incident,
the type of emergency, obtained a call back number), gave
first aid instructions if needed. Following protocols, call
takers obtained information from the caller, the simple
symptoms and signs that reliably indicate the presence of se-
vere illness that would warrant urgent management, the time
of the occurrence, the identity and location of those involved.
Next, the dispatcher transferred the call to a dispatching
physician, who performed a medical evaluation. Finally, the
dispatcher sent the appropriate medical resource to the
caller. During period two, between 8 AM and 10 PM, calls
were answered by a first-line call taker who was asked to de-
termine serious conditions that require immediate dispatch
in a maximum of 30s. If a serious condition was detected,
the first-line call taker transferred the call to a dispatching
physician, who performed a medical evaluation. If a serious
condition was excluded, the call was immediately transferred
to second-line call taker who gathered basic information
from the caller as previously described. Thus, the first-line
call taker was immediately available to handle other incom-
ing calls. Call takers both can be first line and second line on
a shift. Due to intensity of the first-line, call takers switched
every 2 hours. The organization of the nightshifts (10 PM to
8 AM) did not change between period one and two, relying
on a single line of call takers.

Selection of calls

The advanced telephone system used at Nantes Univer-
sity Hospital’'s EMCC automatically keeps track of all in-
coming calls. We included all of the incoming calls
made between 8 AM and 10PM from both periods. In
agreement with the French national consortium [4], in-
coming callers who hung up in less than 10 s were con-
sidered as dialing errors and were excluded. In our
EMCC, the advanced telephone system used serial call
processing configured with CC Pulse + (Genesys, Alcatel
Lucent).
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Outcomes

The primary outcome was the quality of service at 20's
(QS20), corresponding to the rate of calls answered
within 20s. Although other quality indicators are often
used in other countries (e.g. the quality of service at 6,
which must be >95% according to Dutch standards [5]),
we decided to benchmark with the National Emergency
Number Association (NENA) call answering standard
[6] since it appears to be more adapted to the French
system. QS20 represents the ability to answer incoming
calls promptly and triage the request without delay. It
has been proven that EMCCs save lives by promoting an
appropriate prioritization and response among all in-
coming calls and by providing potential life-saving guid-
ance, advices or instructions.

The secondary outcomes were descriptive statistics on
the activity of the EMCC which included: number of in-
coming calls per hour, number of call takers per hour,
call-taker occupancy rate, and average call duration. Im-
portantly, call duration corresponded to the time before
the call was transferred to the EMS physician.

Statistical analysis

Performance indicators were extracted from our ad-
vanced telephone system and collected in a custom-
designed database. Variables describing activity and per-
formance indicators are reported by study period using
mean * standard deviation. Since the study relied on ex-
haustive data, significance hypothesis testing was not ne-
cessary. We nonetheless chose to use Wilcoxon tests to
compare the two periods since changes could be due to
random fluctuations over time.

To evaluate the change in our primary outcome
(QS20), we performed an interrupted time series ana-
lysis. Indeed, the switch to a two-level filtering system
on March 12, 2020 was a significant intervention that
could have affected the previous trends of the perform-
ance indicators. We therefore viewed the transition to
two-level filtering as an intervention that split the time
series. The trend within each period is approximated by
a linear regression line, defined by two parameters: an
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intercept (value of the time series at the beginning of the
period) and a slope (average QS20 change during the
period). A difference in intercept between the 2 periods
indicates immediate effect of the intervention (i.e., im-
plementation of two-level filtering), whereas a difference
in slope indicates a progressive effect of the intervention.
In order to independently evaluate the impact of imple-
mentation of two-level filtering, time-varying character-
istics (number of incoming calls, number of connected
call takers, average call duration) were also included in
the model. The relationship between these variables and
QS20 was tested using several types of links (linear, log-
linear or exponential) and the optimal model was se-
lected based on its likelihoods.

Since traditional linear models cannot identify inflec-
tion points on regression curves, we also used additive
linear models to check the linearity of the evolution of
the QS20 indicator throughout the study period. Model
selection was done by cross-validation using the mgcv R
package. To take confounding into account, these addi-
tive models were also adjusted to the number of incom-
ing calls, the number of connected call takers, and
average call duration.

Statistical analysis was performed using R, version
3.6.2.

Results

Description of EMCC activity

Overall, we analyzed 45,451 incoming calls: 21,435 dur-
ing period 1 and 24,016 during period 2. The overall de-
scriptive and comparative statistics are available in
Table 1. In period two, we observed a significant in-
crease in the average number of incoming calls per hour
(109.4 (standard deviation (SD): 24.7) vs. 122.5 (51.3), +
12.1%, p < 0.001), the average number of connected call
takers (6.4 (1.3) vs. 9.1 (2.2), +44.8%, p=0.001), the
average call duration (93.2 (14.4) vs. 104.4 (16.4), +
12.1%, p< 0.001) and the quality of service 20s (61%
(23) vs. 76% (30), +26,7%, p< 0.001) (Fig. 1). Import-
antly, the proportion of calls answered did not signifi-
cantly differ between the two study periods (94% (1) vs.

Table 1 Activity and performance indicators during the two study periods in the Emergency Medical Communication Center.
Overall, 392 h of activity were collected and analyzed (192 h in period 1 (February 27th to March 11th 2020, usual system) and 192 h
in period 2 (from March 12th to March 25th 2020, two-level filtering)

Overall, Mean (SD) Period 1, mean (SD) Period 2, mean (SD) p-value
Number of call takers per hour 78 (2.3) 64 (1.3) 9.1 (2.2) < 0.001
Number of incoming calls per hour 115.9 (40.7) 1094 (24.7) 1225 (51.3) 0.001
Number of answered calls per hour 102.7 (26.6) 989 (194) 106.5 (31.8) 0.004
Total abandon rate (%) 114 (17.3) 94 (9.8) 133 (22.3) 0.03
Quality of service 20s 0.7 (0.3) 0.6 (0.2) 0.8 (0.3) < 0.001
Call taker occupancy rate 0.6 (0.2) 0.7 (0.1) 0.6 (0.1) < 0.001
Average call duration (seconds) 98.8 (16.4) 93.2 (14.4) 1044 (16.4) < 0.001




Penverne et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine (2020) 28:80 Page 4 of 6

2 L ]

—_— [ ]

8 2500

[@)]

k=

IS .

Q.

8 2000 PY

=

o

o ¢

D 15004

'g ¥ ] Pe °

2 L] . ] \
1000 °

mar 0 mar 09 mar 16 mar 23

Q 12 [ ] °

g

S L ]

a 10 ¢

o .

-D .

[ . .

g L ] e

8 ) v

Y—

@)

- 6

()

Ke]

IS

é 02 ) ;

o

Proportion of calls answered

Quality of service 20 seconds

mar 02 mar 09 mar 16 mar 23

Fig. 1 Evolution during the two study periods of different variables
evaluating the activity and performance of our EDCC

95% (1), p=0.766). Overall, the evolution of the per-
formance indicators was similar, with a decrease at the
beginning of two-level filtering followed by a significant
increase.

Interrupted time series analysis

Using an adjusted linear model, we observed a signifi-
cant increase in the slope of the QS20 trend (from - 0.4
to + 1.4%, p =0.01), meaning that this increase in QS20
was independent of other time-varying characteristics:
number of incoming calls, the average number of con-
nected call takers and average call duration (Table 2,
Fig. 2). The additive model also confirmed the significant
impact of two-level filtering. However, the intercept dif-
ference was not significant (- 6%, p =0.336). No add-
itional inflection point was apparent in the additive
model (Fig. 2).

Discussion

In the present study, we describe the activity and perform-
ance of our EMCC during the COVID-19 pandemic with
implementation of a new call processing system. Indeed,
given a major increase in incoming calls owing to COVID-
19, we changed to a two-level filtering system with first-line
call takers who were asked to determine serious conditions
that required immediate action. Descriptive data showed
that numerous variables affecting the quality of service
changed between the two periods. We observed a signifi-
cant increase in the number of incoming calls, in average
call duration, and in the number of connected call takers,
secondary to limited reinforcement of the workload in our
EMCC. Using an adjusted linear model on these variables
that changed between the 2 study periods, we observed a
significant and progressive increase in the QS20 following
the transition to two-level filtering. This showed that rapid
access to our EMCC was maintained during the COVID-19
pandemic. This new organization helped to reduce the time
gap between call placement and first-line call-taker evalu-
ation of potentially life-threatening situations.

In France, it is possible to call the EMCC directly by a
national number “15”. EMCCs, called Services d’Aide
Medicale Urgente (SAMU), receive emergency medical
or trauma calls. 112 is general emergency number and
20%of the calls are forwarded to the SAMU. The pro-
cedure during the first period takes several minutes dur-
ing which the call taker is not available to handle
incoming calls, whereas in period 2, the aim of the call
duration of the first call taker’s call is 30 s maximum.

In case of an outbreak associated with an increased num-
ber of calls, it is essential to maintain rapid access to
EMCCs so that emergencies can benefit from immediate
dispatch of prehospital resources. During the COVID-19
pandemic, our EMCC received an increased number of
calls and we tested a new system [7]. Our hypothesis was
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Table 2 Results of linear regression for the interrupted time
series analysis of the quality of service 20s. The analysis showed
a significant increase in the slope after the implementation of
the two-level filtering system, after adjustment in the number of
incoming calls, the average number of connected call takers
and average call duration

estimate
82.08

variable 95% Cl p-value

29.18t0 19333  0.16

Intercept period 1

Intercept difference —-0.06 —0.17 t0 19333 034
Slope period 1 —-0.01 —0.01to 19333 0.17
Slope difference 0.02 0.01 to 0.030 0.01
Incoming calls (per 100) -0.03 -003to-002 < 0001
Average connected call takers  0.09 0.07 to —0.02 < 0.001
Average call duration (per 10s) —0.04 -0.07 to —0.02 0.004

that a two-level filtering system could help to maintain
EMCC performance. With a two-level filtering system, as
previously described, the fist-line call takers are available to
handle incoming calls and rapidly evaluate a potential life-
threatening situation. Such a system could greatly improve
public access to EMCCs. The French National Program of
Modernization of Emergency Communications [4]

(2020) 28:80 Page 5 of 6

promotes the interest of a two-level system during general
or exceptional activity. Depending on the country, calls
could be filtered before being handled by the health call
taker [8]. Most French EMCCs are currently organized on
a single level and can sometimes be in difficulty in case of a
high number of incoming calls. Since the largest number of
emergency calls concern healthcare, the French Ministry of
Health has created a new health care service called “ser-
vice d’accés aux soins” (SAS) [9] which includes a two-
level filtering system. The aim is to improve access to the
health care system and have immediate access to the ex-
pertise of a health professional in case of health emergen-
cies. A national number (113) should be created.

The initial decrease in QS20s in the second period
may be linked to the arrival of newly trained call takers
with no previous experience in the field and the adapta-
tion of new practices. In spite of this initial effect, con-
stant improvement in QS20 is being observed and
reflects better access of the public to EMCC.

Limitations
One limitation of our study is its monocentric design
which could limit the reproducibly of our findings.

0.8+

0.7 1

0.64

Quality of service 20 seconds estimated by the models

Beginning of the two-level
filtering organization

mar 02
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Fig. 2 Quality of service 20's based on the linear model (solid line) and on the additive model (dashed line), with adjustment of the average
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Conclusions

The principle of EMCC activity is that the most urgent
calls are treated the most rapidly. Here, we found that a
two-level filtering system improved the quality of service
of the EMCC, independently from other time-varying
variables, such as the number of available call takers,
average call duration and number of incoming calls.
Overall, the two-level filtering organization improved
the population accessibility to the EMCC through rapid
triage and the identification of life-threatening emergen-
cies. Since EMCCs are designed to dispatch appropriate
and rapid resources for potentially out-of-hospital life-
threatening conditions, a two-level filtering system is a
very adequate solution in a crisis situation with a
massive increase in incoming calls. This system should
be widely implemented in case of a disease outbreak
such as the COVID-19 pandemic or other situations that
lead to a massive increase in EMCC activity with tem-
porarily limited staff resources and/or difficulties in an-
swering incoming calls.

Abbreviations
EMCC: Emergency medical communication center; QS20: Quality of service at
20's; SAMU: Service d'aide médicale urgente; SAS: Service d'acces aux soins

Acknowledgements
Not applicable.

Authors’ contributions

YP and EM conceived the study. BL developed and conducted the analysis.
YP and EM wrote the first draft of the paper, with all other authors making
important critical revisions. All authors have read and approved the final
version of the manuscript.

Funding
No funding received for this work.

Availability of data and materials
Please contact the authors for data requests.

Ethics approval and consent to participate
In accordance with French law, no ethical approval was needed.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Samu 44, Department of Emergency Medicine, University Hospital of
Nantes, Nantes, France. “Department of Medical Evaluation and
Epidemiology, Nantes University Hospital, Nantes, France. 3MIHAR lab,
University of Nantes, Nantes, France.

Received: 12 May 2020 Accepted: 5 August 2020
Published online: 14 August 2020

References

1. Kurz MC, Bobrow BJ, Buckingham J, Cabanas JG, Eisenberg M, Fromm P.
And al. American Heart Association advocacy coordinating committee
Telecommunicator cardiopulmonary resuscitation: a policy statement from
the American Heart Association. Circulation. 2020;141(12):2686-700.

2. Noel L, Jaeger D, Baert V, Debaty G, Genin M, Sadoune S, et al. Effect of
bystander CPR initiated by a dispatch centre following out-of-hospital

(2020) 28:80 Page 6 of 6

cardiac arrest on 30-day survival: Adjusted results from the French national
cardiac arrest registry. Resuscitation. 2019;144:91-8.

3. Penverne Y, Leclere B, Lecarpentier E, Marx JS, Gicquel B, Goix L. Reuter PG
Variation in accessibility of the population to an Emergency Medical
Communication Centre: a multicentre observational study. Scand J Trauma
Resusc Emerg Med. 2019;27(1):94.

4. Report of Modernization of Accessibility and Reception of Emergency
Communications - 2019. http://www.urgences-113fr/marcus/Rapport_
MARCUS3.pdf.

5. Kommer G, Zwakhals S. Development of models for Ambulance spreading
and capacity. Models for the national ambulance plan in the Netherlands.
2013. https.//www.rivm.nl/bibliotheek/rapporten/270412002.pdf.

6. National Emergency Number Association (NENA 911) Call Answering
Standard/Model Recommendation 2020. https://cdn.ymaws.com/www.nena.
org/resource/resmgr/standards-archived/nena_56-005.1_archived_20200.pdf.

7. Allamigeon X, Boeuf V, Gaubert S. Performance evaluation of an emergency
call center: tropical polynomial systems applied to timed Petri nets. 2015.
http.//www.cmap.polytechnique fr/~boeuf/publications/
AllamigeonBoeufGaubertFORMATS2015.pdf.

8. Lindskou, et al. The Danish prehospital emergency healthcare system and
research possibilities. Scand J Trauma Resusc Emerg Med. 2019;27:100.

9. Ministere des Solidarités et de la Santé. Pacte de refondation des urgences.
2019 https://solidarites-sante.gouv.fr/IMG/pdf/rapport_pour_un_pacte_de_
refondation_des_urgences_2019-058r.pdf.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://www.urgences-113.fr/marcus/Rapport_MARCUS3.pdf
http://www.urgences-113.fr/marcus/Rapport_MARCUS3.pdf
https://www.rivm.nl/bibliotheek/rapporten/270412002.pdf
https://cdn.ymaws.com/www.nena.org/resource/resmgr/standards-archived/nena_56-005.1_archived_20200.pdf
https://cdn.ymaws.com/www.nena.org/resource/resmgr/standards-archived/nena_56-005.1_archived_20200.pdf
http://www.cmap.polytechnique.fr/%7eboeuf/publications/AllamigeonBoeufGaubertFORMATS2015.pdf
http://www.cmap.polytechnique.fr/%7eboeuf/publications/AllamigeonBoeufGaubertFORMATS2015.pdf
https://solidarites-sante.gouv.fr/IMG/pdf/rapport_pour_un_pacte_de_refondation_des_urgences_2019-058r.pdf
https://solidarites-sante.gouv.fr/IMG/pdf/rapport_pour_un_pacte_de_refondation_des_urgences_2019-058r.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Description of the EMCC system
	Setting and design of the study
	Selection of calls
	Outcomes
	Statistical analysis

	Results
	Description of EMCC activity
	Interrupted time series analysis

	Discussion
	Limitations

	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

