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Abstract

Background: Analyzing mortality in a mature trauma systenuseful to improve quality of
care of severe trauma patients. Standardizatioerar reporting can be done using the
classification of theJoint Commission on the Accreditation of Healthc@mganizations
(JCAHO). The aim of our study was to describe pnéadele deaths in our trauma system and

to classify errors according to the JCAHO taxonomy.

Methods: We performed a six-year retrospective study ushmg registry of the Northern

French Alps trauma network (TRENAU). Consecutivéigras who died in the prehospital
field or within their stay at hospital were incladeAn adjudication committee analyzed
deaths to identify preventable or potentially preable deaths from 2009 to 2014. All errors
were classified using the JCAHO taxonomy.

Results: Within the study period, 503 deaths were repodetbng 7,484 consecutive severe
trauma patients (overall mortality equal to 6.7%@venty-two (14%) deaths were judged as
potentially preventable and 36 (7%) deaths as ptabde. Using the JACHO taxonomy, 170
errors were reported. These errors were detectdd ibathe prehospital setting and in the
hospital phase. Most were related to clinical panfnce of physicians and consisted of rule-
based or knowledge based failures. Prevention atigation of errors required an

improvement of communication among caregivers.

Conclusions: Standardization of error reporting is the firsgpsto improve the efficiency of
trauma systems. Preventable deaths are frequeraed to clinical performance in the early
phase of trauma management. Universal strategiesesressary to prevent or mitigate these

errors.
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Background

Over the past decadethe management of severe trauma patients has bg®ovied

by the implementation of trauma systems acrossvtitéd allowing standardization of trauma
care [1]. Trauma systems are based upon early mémoyg of severe trauma, adequate
allocation of resources for each patient and thedsirdization of procedures for trauma care.
Indicators for a trauma system'’s effectiveness oalyhe rate of under/over-triage [2] but also
on the analysis of mortality within the trauma nethv[3]. Classically, deaths after severe
trauma can be categorized as followed: preveni@ddehs, potentially preventable deaths and
non-preventable deaths [4-6]. This categorizatiam loe performed by benchmarking care to
accepted guidelines (For instance, advanced trdifienaupport [7] or National Institute for
health and Care Excellence, guidelines for magmrtra) or by determining the risk of death
according to trauma scores (Trauma Revised InjuyeBty Score, TRISS or mechanism,
age, Glasgow coma scale, arterial pressure, MGéd?e}[8, 9]. Regardless of methodology,
the concept of preventable deaths has been reportelécades in severe trauma patients and
reducing their number is one of the main objectieéstrauma system [10]. Hence, the
analysis of errors related to preventable/potdgtiieventable deaths is necessary for quality
improvement of trauma care within a specific regitfitimately, comparisons of errors
between trauma systems would be useful to anahgaie efficiency and thereby defining the
best standard of care. For that purpose, analygirgentable and potentially preventable
deaths is of interest to classify reported errbet tmay induce corrective actions to avoid
these events. A major limitation for work in thisea is the lack of standardization of error
classification, which undermines the reproducipitf such analysis. To overcome this limit,
the Joint Commission on the accreditation of Healtt Organizations (JCAHO) has
proposed a taxonomny facilitate a common approach for patient safefgrmation systems

[11]. This classification allocates errors in fivgeracting nodes: impact, type, domain, cause



and prevention. The JCAHO taxonomy has been suctlgssised for the analysis of
preventable deaths in diverse trauma systems asdbbBeome the benchmark of error
reporting after severe trauma [6, 12, 13]. Sind@72@ French regional trauma system, named
TRENAU, has been implemented in the French Alpspdtmize the management of trauma
patients in this region [14]. Our organization lisnonstrated efficiency in terms of under
and over-triage but an analysis of mortality hasbeen performed [15]. The main objective
of our study was to describe preventable/potegti@éventable deaths in our trauma system

and to classify our errors using the JCAHO taxonomy



Methods

Sudy design and data collection

We conducted a retrospective study using the mggadtthe Trauma System of the
Northern French Alps (TRENAU). Briefly, this traunsystem gathers data from thirteen
hospitals located in the Northern French Alps aodsests of one level-l trauma center, two
level-1l trauma centers and ten level-lll traumatees [14]. A registry has been implemented
since 2009 and has been collected data prospectivehg the Utstein-style template
[16]. The Regional Institutional Ethics Committee apgevthe implementation of the
TRENAU registry (Comité d’Ethique des Centres ddstigation Clinique de I'inter-région
Rhéne-Alpes-Auvergne, IRB number 5891) and, giwsnobservational nature, waived the

requirements for written informed consent from epatient.

Consecutive adult patients recorded in the TRENA&Yistry from January 2009 to
December 2014 were included if they died followmgevere traumatic injury in the pre-
hospital setting or within their stay at hospit@atients who died before the arrival of pre-
hospital emergency physicians were not includetiénTRENAU registry and, thus, were not
considered for this study. The following data wewdlected for each patient: age, sex,
mechanism, first recorded vital signs, the mecmniSlasgow coma scale (GCS), age and
arterial pressure (MGAP) score [9] in the pre-htadpsetting, vital signs on admission, the
need for emergency surgery or embolization, theryngeverity score (ISS) and the Trauma
revised injury severity score (TRISS) [8]he Injury Severity Score (ISS) is an anatomical
scoring system that provides an overall score &bepts with multiple injuries. Each injury is
assigned an Abbreviated Injury Scale (AIS) scoré iarallocated to one of six body regions

(Head, Face, Chest, Abdomen, Extremities (includiatyis), External). Only the highest AIS



score in each body region is used. The three neagrsly injured body regions have their
score squared and added together to produce theck88. The ISS score correlates linearly
with mortality, morbidity, hospital stay and othaeasures of severitfhe TRISS determines
the probability of survival. It is calculated frorthe ISS, the Revised Trauma Score
(calculated with respiratory rate, GCS and systatierial blood pressure) and patient's age.
Cause, date and location (prehospital phase, trdaayar intensive care unit, ICU) of death

were also reported.

Primary endpoint

The primary endpoint was the preventability of defadm the pre-hospital field to the
end of hospital's stay. Each patient’s file wasieexed by a multidisciplinary independent
committee (adjudication committee) composed by amesthesiologists (PB, QJ) and two
trauma surgeons (EG, CL) to classify mortality adowy to the analysis of errors. A
preventable death was defined by a death causectlgiby an avoidable error. A potentially
preventable death was defined by a death that rhia¥ye been caused by a preventable error,
and non-preventable deaths were those that occregaadless of any errors in the patient’s
management. Errors were also classified accordmgthe Joint Commission on the

accreditation of Healthcare Organizations (JCAHDphomy [11].

Secondary endpoints

Secondary endpoints were 1) the comparison betwgmtients with
preventable/potentially preventable deaths andepttiwith non-preventable deaths and 2)

the time course of preventable/potentially previeletaleaths from 2009 to 2014.



Satistical analysis

Continuous variables were presented as median &tid75th interquartile ranges
(IQRs). Categorical variables were presented asbemsnand percentages. We compared
patient characteristics according to the prevehtalof death using a Mann-Whitney test for
continuous variables and a Chi square test, orsheFiexact test where appropriate, for
categorical variables. The trend in mortality otiere was tested with a Chi-squared test for
linear trend. Subgroup trends according to deatatgory were also analyzed. Two-sided p
values <0.05 were considered as statistically Baamit. All analyses were performed using

Stata version 14.0 (Stata Corporation, Collega@tal X, USA).



Results

Within the study period, 7,484 consecutive traunatiepts were included in the
TRENAU registry. Among them, 503 consecutive pasedied (overall mortality equal to
6.7%) and were included in the study. Twenty-nirdigmts (6%) died in the prehospital
phase, 47 (9%) patients died in the trauma bayredfwir transfer to ICU, and 427 (85%)
patients died in the ICU. One hundred and sixtyxepatients (33%) died within the first 24
hours after the insult and median time betweendactiand death was 1 [0-5] day. Seventy-
two (14%) deaths were judged as potentially preafgetand 36 (7%) deaths as preventable.
Patients characteristics are shown Tiable 1 and causes of deaths are presented in
Supplemental File N°2 Patients with preventable/potentially preventalbleaths had
different location of lethal injuries as comparedpatients with non-preventable deaths. Non-
preventable deaths were most often attributed t& @iuries, whereas preventable deaths
were related to torso or pelvic injuries with achi@morrhage. Accordingly, pre-hospital GCS
were also lower in patients with non-preventablatde. At hospital admission, GCS were
similar between the two groups due to shock or @ngysedation. MGAP score and TRISS
scores were also most severe in these patientsartReg the time course of
preventable/potentially preventable deaths, th@gntmon of patients with preventable deaths
remained stable from 2009 to 2014. Indeed, the ohtereventable/potentially preventable

deaths was 28% in 2009 and 25% in 203D(43; seeSupplemental File N°3.

We reported 170 errors in 108 patients (92 ermongréventable deaths and 78 errors
in potentially preventable deathBable 2). Errors were both described in the pre-hospital
setting and in the in-hospital phases. Excessieehpspital time was the prominent error

found for preventable deaths whereas triage eagsomission of essential procedures were



the most frequent types of error for potentiallgy@ntable deaths. Using the classification of
errors in the JCAHO taxonomy, errors in clinicatfpemance were prominent. They mainly
occurred during the diagnostic process or withia therapeutic procedurddble 3) and
consisted of incorrect procedures or delayed cbmeacedures. Regarding the setting of
errors, most of them were found in the pre-hospitelse Table 4). Main errors consisted of
inadequate triage (failure in diagnosis) or exaespre-hospital time. Errors could also occur
in the trauma bay or in the operating room and wetated to inappropriate diagnostic
procedures. For instance, we reported 24 errotiseiroperating room for 23 patients. Three
types of errors were found: excessive delay forgey; technical difficulties, wrong
procedures or failure to perform damage controk@dores. Regarding timing of surgery,
these errors concerned a delayed evacuation of mlusal hematoma, or delayed
laparotomies. Regarding technical difficulties, fwand an injury of the mesenteric artery and
an iliac venous wound. Regarding therapeutic metakome laparotomies were unjustified
because of negative FAST. In other cases, some@uoes were carried out not respecting
damage control rules: operating time too long, detepabdominal parietal closure, no pelvic
packing, no peri-hepatic packing, or no vasculamage control on lower limbs. Wrong
procedures in this context were incorrect surginalsions like sternotomy for a thoracic
damage control surgery. The main cause of errgrivamnan failure, specifically knowledge-
based and rule-based errors. These mistakes wated¢o an inadequate observance or an
ignorance to established instructions or proto€béble 5), for instance, performing CT scan

in hemodynamically unstable patients.

Prevention or mitigation of errors required an im@mment of communication among
caregivers $upplemental File N°3. This prevention measure lies upon regular mgstin
between anesthesiologists, emergency physiciatislogists and trauma surgeons to discuss

morbidity and mortality. Prevention or mitigatioherrors is also based upon the diffusion of



procedures within the trauma network. Selective suess, like eliminating wrong
procedures, were less frequently necessary to arodds in prehospital triage or to establish

the appropriate surgical technique in the operaitdagn.



Discussion

The analysis of mortality is mandatory to evalute efficiency of a trauma system
and the rate of preventable or potentially preveletadeaths is increasingly used as a
benchmark of patient safety reporting in traumatesys across the world. Over a 6-year
period including 7,484 trauma patients, we foun@® &rrors in 108 preventable/potentially
preventable deaths among 503 deaths in our regimaama system. Using a common
classification, the prominent type of error wasadufe in clinical performance of physicians
in the prehospital setting or in the trauma bayesEhmistakes were mainly made during
diagnostic or therapeutic procedures and the ntgjofierrors were related to rule-based or

knowledge-based failures.

Improving the quality of care in mature traumategss is the ultimate goal of these
organizations. The first step to perform such improent is undoubtedly linked to the
recognition of errors, which prompts correctivei@ts to limit future potential failures [6].
Despite this well-known concept, few studies adsledsappropriately the challenge of errors’
classification. In the United States, the Pennsyb/atrauma system and the Virginia
Commonwealth University Medical Centre used the BI&C classification for errors
reporting[6, 13], while others used their own cifisation [10, 17]. The disparity of error
reporting does not facilitate comparisons betweaana systems whereas trauma procedures
may be optimized by such analysis. In Europe, h€HO taxonomy was also used in the
United Kingdom and Spain to categorize errors dutime management of severe trauma
patients [12, 18]. Our study adds to a small bofljiterature regarding classification of
avoidable errors in preventable trauma deaths.dPtable or potentially preventable deaths

account from 6% to 27% of deaths in trauma systdfs6, 13]. With 21% of
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preventable/potentially preventable deaths, oudystdisplayed poor performance of our
trauma system according to the existing literatlitee variability of these preventable deaths
relies upon the efficiency of trauma system bub alpon the methodology used by the
adjudication committee. Similarly, the vast majypf previously published reports reviewed
patients’ files with an expert panel to decide weettrauma death was categorized as
preventable, potentially preventable or non-preailet [10, 13]. This methodology did not
account for uncertainty in the classification ofgniially preventable death, and using a 100-
point scale, Kobewka et al showed that only 5 of d&aths classified as a “possibly
preventable” were judged to likely be alive in 3nties with perfect care [19]. In our study,
we had only 7% of preventable deaths whereas 14%eaths were judged as potentially
preventable by the expert committee. The high piogo of preventable/potentially
preventable deaths in our study was probably rlédethe high proportion of potentially
preventable deaths that was subjected to uncertaiternatively, the proportion of
preventable deaths was similar to other studiesoaedall mortality (6.7%) in the TRENAU

was also comparable.

In our study, we found 170 errors occurring in pd8ventable/potentially preventable
trauma deaths. Interestingly, the setting of thesers was mainly in the prehospital field.
On-scene treatment and diagnosis were performeenisrgency physicians in our trauma
system [14] and such findings challenged the peréorce of pre-hospital medical teams. The
main error was excessive pre-hospital time, based @ne-hour time-lapsét should be
noted that the French prehospital organizationfferént from the US prehospital system. In
France, emergency physicians are in charge of risleogpital management of severe trauma
whereas paramedics lead this management in th&uw®. difference may explain longer stay
in the prehospital field where on-site damage @bmrsuscitation can be provideinother

frequent mistake was an inadequate triage due rtoramce of existing guidelines in our
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network [15]. These findings highlight the need @mntinuous education of pre-hospital
physicians but also do not reflect actual knowledfyprehospital doctors as intense education
regarding damage control resuscitation has onlyn ba@ne since recent French terrorist
attacks [20]. Moreover, the TRENAU network is latin a mountainous area where
conditions for pre-hospital teams may be hazardddls These geographical considerations
may account for inherent excessive pre-hospitaé tdue to extreme conditions or complex
extraction. In the trauma bay or in the operatiogm, we also found errors mainly related to
omissions of essential procedure. For instancdablespatients have been transferred for CT
scanning or damage control protocols have not lzggatied. These errors were surprising
since intra-hospital management might be seenmsra controlled scenario. They occurred
within the trauma bay or within the operating roand most common errors were clinical and
mainly therapeutic. These failures were observettanma leaders who did not comply or
ignored established protocols. Although meetingsrewéequently organized between
emergency physicians, anesthesiologists, traunggens and radiologists from 2009 to 2014,
these findings proved that the diffusion of progeduwemained challenging in trauma centers.
Accordingly, prevention of errors was mainly basgdn improving communication between
caregivers to ensure adequate compliance to proegdand protocols. These universal
measures were more frequent than selective meadiveesed to different subgroup of trauma
patients.Of note, the human factor was highly involved iresd mistakes. This finding
highlighted the critical importance of effectiveatework and communication in delivering a
high-quality patient careOur findings also highlight the importance of ialtand continuous
training in trauma care for anesthesiologists, song, and emergency physicians. Several
university diplomas for severe trauma managemeist @ France and the compliance to

procedures may be enhanced by such initiatives.
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We acknowledge several limitations of our studystFthe number of deaths was
relatively small and only 170 errors were describgevertheless, the study size was similar
to previously published works and a 6-year analgimved us to cover a large period of time
within our trauma system. Second, our methodolaggategorize deaths was based upon an
adjudication committee composed by two anesthegigt® and two trauma surgeons. This
method does not account for uncertainty in categtion and may have contributed to
excessive number of potentially preventable deadttwvever, the JACHO taxonomy was
applied and the classification of errors was rédéiabnough to allow comparisons between

trauma systems.

13



Conclusions

With our 6-year retrospective study, we demonsttdhat preventable or potentially
preventable deaths were related to avoidable emotise prehospital field or in the trauma
bay. These errors were attributed to physicians ighored essential procedures regarding
diagnosis or therapy. These results confirm thevgmtable deaths are an indicator of quality
of care in an organized trauma system. Efforts lshbbe made to reduce their prevalence and
the first step is probably to improve communicatmong caregivers. Apart from self-
evaluation, describing errors is also helpful fetetmining the best management of severe

trauma patients in developed countries.
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Table 1 Population characteristics

Variable Deaths Non-preventable Preventable or
(n=503 patients) deaths potentt)llallé/ )
(n=395 patients) preventa e. eaths
(n=108 patients)
Age, years 55 [29-73] 56 [28 -73] 54 [32-73]
Male, n (%) 366 (73) 287 (78) 79 (73)
Penetrating trauma, n (%) 30 (6) 21 (5) 9 (8)
Pre-hospital vital signs
Glasgow coma score 4 [3-10] 3 [3-6] 12 [4 -15]*
Systolic blood pressure, mmHg 111 [77-140] 115 [80-140] 99 [70-125]

Heart rate, beats/min 83 [60-110]
Pulse oximetry, % 95 [86-99]
Pre-hospital MGAP score 16 [13-21]
Low risk death, n (%) 60 (13)
Intermediate risk, n (%) 72 (16)
High risk death, n (%) 321 (71)
Vital signs on admission
Glasgow coma score 3 [3-4]

Systolic blood pressure, mmHg 110 [85-130]

Heart rate, beats/min 83 [63-106]
Pulse oximetry, % 99 [94-100]
Emergency surgery, n (%) 118 (23)
Embolization, n (%) 34 (7)
ISS 29 [25-43]

Main injured area

80 [53-108]
94 [85-99]
15 [12-18]
25 (7)
48 (13)

286 (80)

3[3-3]
115 [89-140]
80 [63-104]
100 [95-100]

82 (21)
20 (5)

29 [25-41]

97 [72-120]*
96 [91-98]
23-pal*
35 (37)
24 (26)

35 (37)

3 [3-15]
97 [70-110]
90 [70-120]
97 [89 -100]
36 (33)
14 (13)

30 [20-50]
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Central nervous system 363 (72) 339 (86) 24 (22)*

Thorax 82 (16) 38 (10) 44 (41)*
Abdomen 25 (5) 5(1) 20 (19)*
Pelvis 28 (6) 9 (2) 19 (18)*
Limbs 5 (1) 4(1) 1 (1)
TRISS 0.45[0.13;0.79]  0.42[0.13-0.69] 0.72 [6AL91]*

Values are median [25th-78nterquartiles]. ISS: Injury severity score; MGARechanism, age,
Glasgow coma scale and arterial pressure; TRI&8ma revised injury severity score. * p-value <
0.05 vs non-preventable deaths.
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Table 2.Analysis of errordy the adjudication committee

Preventable deaths

n=72 patients

Potentially Total
preventable deaths n=108 patients

n=36 patients

Triage error 8
Excessive pre-hospital time 28
Incorrect pre-hospital treatment 2
Inaccurate diagnosis 9
Diagnosis delay 5
Deaths during CT scanning 2
Incorrect treatment at hospital 10
Incorrect airway control 6
Omission of essential procedure 21
Accidental drain/catheter removal 1
Equipment failure 0
Total 92

14 22
9 37
5 7
11 20
7 12
7 9
10 20
1 7
13 34
0 1
1 1
78 170

Note: One preventable/potentially preventable de&f be related to more than one error, so that

sum totals of errors exceed the number of deaths.
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Table 3.Types of error according to JCAHO taxonomy

Types of errors

Number

Communication
Inaccurate & incomplete information
Questionable advice or interpretation

Questionable documentation

Patient Management
Questionable tracking or follow-up
Questionable referral or consultation

Questionable use of resources

Clinical performance

Diagnostic (pre-intervention)

Correct diagnosis, questionable intervention

Inaccurate diagnosis
Incomplete diagnosis
Intervention

Correct procedure, with complication

Correct procedure, incorrectly performed

Correct procedure, but untimely
Omission if essential procedure
Procedure contraindicated
Procedure not indicated
Post-intervention

Questionable prognosis

19

16
20
64

36
17

5

Note: Errors may involve multiple categories, sutals do not equal 170.
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Table 4.Domain of error according to JCAHO taxonomy

Domain of errors Number
Setting
Emergency department 10
Diagnostic procedures (Crash room) 40
Operating room 24
Interventional radiology 5
Pre-Hospital care 82
Intensive care unit 8
Staff
Physician 165
Nurse/paramedics 5
Target
Therapeutic 105
Diagnostic 41
Other 24

Note: Domain parameters can overlap so that ecanrde classified in more than one category
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Table 5.Cause of error according to JCAHO taxonomy

Cause of error Total

Organizational system

External* 6
Management 1
Organizational culture of safety 8
Protocols/Processes/Procedures 9
Oversight 3

Technical System

Equipment/Material Obsolescence/Availability 9
External* 3
Human
Patient factorst 16
External* 9
Practitioner
Skill-based (failure in execution of storedtructions) 33
Rule-based (failure of recall of stored instions) 80
Knowledge-based (insufficient time, incompli&howledge) 28
Unclassifiable 14

Others causes
Negligencet 24

Recklessness§ 13

*Failures that are beyond the control and respdlitgibf the organization

TFailures related to patient characteristics oioastthat are beyond the control of the practittone
fFailure to perform at the level of competence test with professional norms of practice and
operation

8Intentional deviation from professional norms obd practice and operation without cause

Note: Cause parameters can overlap so that eorbes categorized in more than one category
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