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Objective The objective of this study is to evaluate the rate of and etiology for preventable deaths Department of Emergency Medicine,

in patients with traumatic brain injuries (TBIs). Seoul National University Hospital,

. . . . . . . Seoul National University College of
Methods We conducted a retrospective, multicenter review of patients with TBIs who died with- Medicine, 101 Dachak-ro, Jongno-gu

in 7 days of their traumatic event from June 2008 to May 2009. Three board certified emergency Seoul 110-744, Korea
physicians independently reviewed every case using a structured survey format. Cases were con- E-mail: skeiva@gmail.com
sidered preventable deaths only if all physicians independently agreed the death was prevent-

able. Management errors contributing to the preventable death were determined.

Results Forty-one patients who died from TBI were eligible. Preventable deaths were identified
in nine (22%; 95% confidence interval [Cl], 11 to 28) cases. Fifty-six management errors were
identified including 36 (64%; 95% Cl, 50 to 77) in the emergency department and 13 (23%;
95% Cl, 13 to 36) in the prehospital phase. Thirty (54%; 95% Cl, 40 to 67) management errors
were process-related, and 26 (46%; 95% Cl, 33 to 60) were structure-related.

Conclusion An important and measurable rate of preventable mortality occurs in the initial care
of TBI patients. Errors were common and most occurred in the emergency department. In addi-
tion, errors were common in the prehospital phase but did not always lead to mortality. When
analyzed by type of problem, both process-related and structure-related errors occurred in simi-
lar proportions.
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Capsule What is already known

Summ ary Preventable death rate is currently a method to determine the performance of M o e ks erifltes
emergency medical system for trauma. Some reports from Korea showed the Kim SC, Song KJ, Shin SD, Lee SC, Park JO,
preventable death rate ranges from 30% to 40%. Holmes JF. Preventable deaths in patients

with traumatic brain injury. Clin Exp Emerg

What is new in the current study Ll U

Previous studies on preventable traumatic death focused on all severely injured
trauma patients regardless of the presence of traumatic brain injury. We identi-

fied the preventable death rate and etiology in patients with traumatic brain L
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INTRODUCTION

In 2009, 32,661 people died from injuries in Korea, making it the
third leading cause of death after cancer and cardiovascular dis-
ease.' Furthermore trauma is the leading cause of death and dis-
ability in those one to 40 years of age and is the leading cause of
years of productive life lost and economic lost." Preventable deaths
include those deaths which would not have occurred had the pa-
tient received appropriate care in a timely fashion. The prevent-
able trauma death rate is currently a method to determine the
performance of a country's or region's emergency medical system.”

A prior Korean study of 131 trauma deaths from two tertiary and
four secondary hospitals suggested the preventable death rate may
be as high as 40.5%.* Furthermore, in this study, the preventable
death rate was 22% for those with traumatic brain injury and 63%
in those without brain injury. Data from three regional and six lo-
cal Korean hospitals suggested a preventable death rate of 40%
but may be as high as 56% in those with traumatic brain injury.*

Many cases of traumatic brain injury require emergent neuro-
surgery and without appropriate, timely treatment, secondary
brain injury may rapidly occur.>® Previous studies on preventable
trauma death focused on all severely injured trauma patients re-
gardless of the presence of traumatic brain injury. The objective
of this study is to identify the preventable death rate and reasons
in patients with traumatic brain injury.

METHODS

We conducted a retrospective study of adult patients with trau-
matic brain injury treated at five hospitals in the Korean Traumat-
ic Brain Injury Surveillance Network. Two in five hospitals were
regional emergency medical centers and three of them were local
emergency medical centers. The study was approved by the insti-
tutional review boards at all sites.

Study population

Patients older than 15 years of age who were treated for trau-
matic brain injury and died within 1 week from their initial pre-
sentation between June 1, 2008 and May 31, 2009 were includ-
ed. The patients had traumatic brain injury but, could have other
injury also. The definition of traumatic brain injury followed the
International Classification of Diseases 10th edition (ICD-10) and
included patients with any of the following codes: S01.0-S04.0,
S06.0-507.9, S09.7-S09.9, T01.0, T02.0, T04.0, T06.0, T90.1-T90.9.
This corresponds to patients with brain hematomas (including in-
tracerebral, epidural, and subdural hematomas), contusions, hem-
orrhage, or cerebral edema.
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Patients were excluded if they received cardiopulmonary resus-
citation on arrival to the hospital or if cranial computed tomo-
graphy scanning was not performed. In addition, we excluded pa-
tients with incomplete medical records where we were unable to
determine either the time of death or if the death was preventable.

Study protocol

A preventable death was defined as a death that is preventable if
appropriate treatment was provided in a timely fashion. To deter-
mine if the patient with traumatic brain injury experienced a pre-
ventable death, the following three criteria were required.” First,
the traumatic brain injury must be of such a degree that the pa-
tient is viable (i.e., the traumatic brain injury cannot be severe
enough to cause death). Second, the treatment provided to the
patient must be considered insufficient compared to standard
treatment of traumatic brain injury as provided in the Advanced
Trauma Life Support (ATLS) course guidelines and the Brain Trau-
ma Foundation (BTF) guidelines.”® Finally, the insufficient treat-
ment must contribute to the death of the patient either directly
or indirectly.

Traumatic deaths were divided into three categories.® First, non-
preventable deaths include those injuries so severe they are not
amenable to current medical care. These include patients with
injuries categorized as Abbreviated Injury Scale (AIS) score of 6.
Second, potentially preventable deaths are those with very severe
injuries, but are survivable with the current level of medical treat-
ment. An example of a potentially preventable death would in-
clude a patient with a massive subdural hematoma who arrives
at the hospital in time for emergent surgical decompression how-
ever, the patient died as they were transferred to a hospital with-
out emergent neurosurgical capabilities. Thus, the injury was po-
tentially preventable if the patient had initially been transported
to an appropriate hospital. Finally, definitely preventable deaths
are those injuries that are treatable based on the type of brain
injury and capabilities of the initial treating hospital. An example
of a definitely preventable death is the patient who arrives at a
hospital with the neurosurgical capabilities to treat an epidural
hematoma but the patient dies of brain herniation prior to iden-
tification of the epidural hematoma (delayed diagnosis).

We considered preventability in context to the following: inju-
ry severity, condition of the patient, and adequacy of treatment.
Injury severity was based on the AlIS score. Patient condition was
based on the Revised Trauma Score. The presence of underlying dis-
ease and complications was determined from review of the medical
history. Adequacy of medical treatment was based on treatments
recommended in the ATLS course and the BTF guidelines. Through
this process, cases were classified into one of three categories; defi-
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nitely preventable, potentially preventable, or non-preventable.

Treatment deficiencies were divided into the following six ‘lo-
cation’ categories: prehospital phase, transfer phase between hos-
pitals, emergency department phase, operating room phase, in-
tensive care unit phase, and ward phase. Treatment deficiencies
were further divided into structure-related problems and process-
related problems. Structure-related problems included those sec-
ondary to an absence of appropriate facility, personnel, or equip-
ment for timely diagnosis and treatment. Process-related prob-
lems included those due to inadequate treatment, diagnosis, or
procedure.

We used an expert panel (professional study panel) composed
of three specialists in emergency medicine to determine the out-
come of interest. The medical records (including all radiographs
and treatment) were reviewed independently by each member of
the team.

The team underwent two formal training sessions prior to per-
forming the record review. The research team visited each hospi-
tal, reviewed the medical records and radiographic images of all
eligible patients and independently determined the outcomes.

We further categorized all potentially preventable and definitely
preventable deaths into those that occurred at any point in treat-
ment (i.e., both prehospital and hospital phase) and those occur-
ring only during hospital treatment. Preventable/definitely prevent-
able deaths during hospital treatment were determined based on
the patient's condition upon arrival at the hospital. After the out-
comes were determined by each member of the research team,
agreement between investigators was determined.

Data analysis
We calculated the preventable death rate among all traumatic
brain injury patients including those occurring at the hospital lev-

‘ 100 Patients with traumatic brain injury who died

—){ 23 Patients with unclear time of death ‘

—P{ 6 Patients died >7 days from date of injury ‘

—% 18 Patients dead on arrival at the emergency department

—){ 12 Patients without cranial computed tomography ‘

h 4

‘ 41 Patients in study sample ‘

Fig. 1. Among 100 patients with traumatic brain injury, 59 patients
were excluded and 41 patients were enrolled finally.
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el. We also calculated the preventable death rate by patient char-
acteristics including expected probability of survival based on ICD-
10 injury severity score (ICISS) including patient's gender, age, and
mechanism of injury.

A preventable death was only considered present if all investi-
gators independently agreed. Results are described with simple
descriptive statistics. Categorical data are compared with Fisher's
exact test due to small cell size. The degree of agreement between
investigators was measured with weighted Kappa values and 95%
confidence intervals (Cls) were calculated. We additionally col-
lapsed the definitely preventable and potentially preventable cat-
egories into a single category (preventable deaths). Alpha Xi Bach
(Cronbach’s alpha) reliability coefficients were calculated for cas-
es analyzed to three categories (definitely preventable, potentially
preventable, or non-preventable) and two categories (preventable
deaths or non-preventable) to determine internal consistency.

RESULTS

General characteristics of the population

A total of 27,409 trauma patients were evaluated at the study
sites from June 1, 2008 to May 31, 2009 and 7,131 patients had
head trauma. One hundred (1.4%) of the 7,131 patients died. Fif-
ty-nine patients were excluded (Fig. 1). Therefore, the study pop-
ulation consists of 41 patients who died from traumatic brain in-
jury during the time period. Characteristics of the study popula-
tion are presented in Table 1. The median age was 58 years (in-
terquartile range, 43 to 73 years). The median probability of sur-
vival was 64% (interquartile range, 57% to 79%).

Table 1. General characteristics of the 41 patients

Charateristic Value
Male sex 25 (61.0)
Age <55yr 18 (43.9)
Mechanism of injury
Motor vehicle collision 24 (58.5)
Fall 14 (34.2)
Assault 1(24)
Unknown 2 (4.9)
Cause of death
Brain injury 27 (65.9)
Hemorrhage 6(14.6)
Multiple injury 7(17.1)
Others 1(2.4)
Probability of survival by ICISS (%)
<50 7(17.1)
50-75 21 (51.2)
>75 13 (31.7)

Values are presented as no. of patients (%).
ICISS, International Classification of Diseases 10th edition injury severity score.
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Table 2. Potentially and definitely preventable deaths

No. of All causes Hospital causes
patients  pp DP PP DP
Total 41 4(9.8) 5(122) 3(7.3) 4(9.8)
Cause of death
Head trauma 27 0(0.0) 5(18.5) 1(37) 4(14.8)
Non-head trauma 14 4(28.6) 0(0.0) 2 (14.3) 0(0.0)
Probability of survival by ICISS (%)
<50 7 0(0.0) 1(143) 0(0.0) 0(0.0)
50-75 21 2(9.5) 3(14.3) 295 3(14.3)
>75 13 2(15.4) 1(7.7) 1(7.7) 1(7.7)

Values are presented as no. of patients or n (%).
PP, potentially preventable; DP, definitely preventable; ICISS, International Clas-
sification of Diseases 10th edition injury severity score.

Preventable death rate

Nine (22%:; 95% Cl, 11 to 28) of 41 cases were determined to be
potentially or definitely preventable. This included five (12%; 95%
Cl, 4 to 26) cases definitely preventable and four (10%; 95% Cl,
3% to 23%) cases potentially preventable. Seven (17%; 95% Cl,
9 to 25) cases of preventable deaths occurred secondary to errors
in the hospital, including four (10%; 95% Cl, 3% to 23%) cases
definitely preventable and three (7%, 95% Cl, 2% to 20%) cases
potentially preventable (Table 2). The remaining two cases of po-
tentially preventable deaths occurred prior to hospital arrival. The
median age of patients with potentially/definitely preventable
deaths was 70 years (interquartile range, 58 to 80 years).

As we focused on variables that influence preventable trauma
death, preventable death rate was lower in the case of death caused
by head trauma compared to non-head trauma (P=0.692). At the
hospital level, it was higher in the case of death caused by head
trauma (P = 1.00). However both were not statistically significant.

When the 'potentially preventable’ and 'definitely preventable’
categories were collapsed into a single ‘preventable’ category, the
preventable death rate was lowest (14.3% at the overall phase and
0% at the hospital phase) when probability of survival by ICISS
was less than 50%. Interestingly, preventable death rate was high-
est (23.8% both at the overall and hospital phase) when proba-
bility of survival by ICISS was between 50% and 75%.

Errors related to the treatment process

Fifty-six treatment errors were identified in the 41 patients (1.4
errors/patient). Locations of errors were as follows: emergency
department 36 (64%), pre-hospital phase 13 (23%), interhospital
transfer 4 (7%), and intensive care unit 3 (5%). Types of problems
include structure-related 26 (46%) and process-related 30 (54%).
Process-related errors determined to be directly related to the
death occurred in 26 (58%) cases. A list of the errors identified is
presented in Table 3 (Appendix 1 for the details of actual errors
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Table 3. Management errors by location and type

Total (A)  Related to death (B) B/Ax100 (%)

Total 56 (100.0) 45 (100.0) 80.4
Location
Prehospital phase 13(23.2) 7 (15.6) 53.8
Interhospital transfer 4(7.1) 4(8.9) 100.0
Emergency department 36 (64.3) 31(68.9) 86.1
Operating room 0(0.0) 0 (0.0 -
Intensive care unit 3(5.4) 3(6.7) 100.0
Ward 0(0.0) 0 (0.0 -
Type
Structure-related 26 (46.4) 19 (42.2) 73.1
Process-related 30 (53.6) 26 (57.8) 86.7

Values are presented as n (%) unless otherwise indicated.
and Appendix 2** for the problem codes to classify the problems).

Agreement among investigators

Kappa values demonstrated moderate agreement between revi-
ewers (kappa=0.46 for overall preventable death and 0.43 for
hospital preventable death). Cronbach's alpha reliability coeffi-
cient (for the categories of definitely preventable, potentially pre-
ventable, and non-preventable) showed good internal consistency
(0.83 for overall preventable death and 0.86 for hospital prevent-
able death). Cronbach's alpha reliability coefficient (for the two
categories-preventable versus non-preventable) showed very high
internal consistency (0.91 for overall preventable death and 0.90
for hospital preventable death).

DISCUSSION

This study demonstrates that a substantial portion of traumatic
deaths in patients with traumatic brain injuries are either defi-
nitely or potentially preventable. Furthermore, almost all of these
preventable deaths occurred at the hospital stage of care and
such data can be used to improve future care of patients with
head injuries.

Our determined rates of preventable death are slightly lower
than previously reported by Kim et al.* In that study, 29% of deaths
were determined to be preventable. In the present study, prevent-
able deaths were only considered to occur if there was a unani-
mous decision among reviewers. Thus, classifying preventable
death into three categories may have produced slightly lower re-
sults. Establishing multi-investigator agreement in the likelihood
of the possibility of preventable death and reclassifying prevent-
ability into two categories rather than three resulted in more in-
ternal consistency as expected.

We identified a small but measurable rate (4.9%) of prevent-
able death in the pre-hospital processes. The result in this study
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(4.9%) was less than the 13.9% identified in Kim's study.* Although
primary traumatic brain injury occurs at the time of head injury,
secondary brain injury can occur at a variety of times including
the prehospital phase. Preventing secondary or delaying brain in-
jury can substantially reduce the mortality rate.” Errors identified
in the prehospital transport included inadequate airway manage-
ment, inadequate monitoring, inadequate cervical spine protec-
tion, and transport to an inappropriate hospital.

Initial guidelines for the treatment of brain injured patients were
introduced in 1995 and continue to be revised based on current
evidence.®" This includes guidelines for both the prehospital and
hospital treatment of head injured patients. Following these guide-
lines improves survival rates.” These treatment guidelines are not
uniformly adopted in emergency medical facilities in South Korea;
therefore, it is difficult to determine if the facilities are in accor-
dance with guidelines for the treatment of patients with traumatic
brain injury. In this study, the majority of errors occurred in the
emergency department with the transfer phase being the second
most common location. Thus, in order to reduce death rates due
to traumatic brain injury, introduction, uptake, and application of
treatment guidelines in the emergency department is necessary.

The study by Kim et al.* suggested that as ICISS survival prob-
ability increased, preventable mortality increased. In this study,
however, preventable mortality was not higher in those patients
with a predicted survival >75%. In many countries, attempts are
made to evaluate mortality by using Trauma and Injury Severity
Score (TRISS) methodology. Expected ICISS probability is calculat-
ed from the ICD-10 empirical probability of survival, and is a sub-
stitute for the existing TRISS." Proposed categories using TRISS
probability of survival include the following: less than 25% prob-
ability of survival in the non-preventable cohort, 25% to 50% in
the potentially preventable cohort; and 50% or more in the defi-
nitely preventable cohort.’>'® These studies, however, demonstrate
a higher probability of observed survival. As medical treatment
has advanced since the TRISS methodology was developed in the
1980s, applying TRISS to current data, likely results in the higher
than expected survival rates. Current evidence does not support
this classification of ICISS probability of survival, but a categori-
zation system is needed to compare rates of preventable death.

We identified a substantial number of medical errors in the
treatment of head injured patients (Table 3). Most errors occurred
in the emergency department treatment, and many of these could
have been prevented. Actual errors in the emergency department
are related to the consultation and work-up process (Appendix 1).
These errors may perhaps be related to emergency department sys-
tem or overcrowding. The second most common location for errors
was in the prehospital phase although these contributed to pa-
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tient mortality less often. We did not identify errors from the op-
erating suite, although this likely reflects a limitation of the med-
ical record review as opposed to an actual absence of errors. In this
study, an important and measurable rate of preventable mortality
was identified in head injured patients. Errors were common and
most occurred in the emergency department. Furthermore, errors
were common in the prehospital phase but did not always lead to
mortality. When analyzed by type of problem, both process-relat-
ed and structure-related factors occurred in similar proportions.

This study has a number of limitations. It is a retrospective
medical record review subject to the limitations of that method-
ology. The sample size included was insufficient to statistically
identify small differences. Second, the selected panelists' area of
expertise is in emergency medicine, and the results may be im-
pacted by this expertise. A neurosurgeon or trauma surgeon may
identify additional cases including errors that occurred in the op-
erating suite or intensive care unit, or may have evaluated the
preventability of cases differently.

This study enrolled patients at five hospitals belonging to the
Korean Traumatic Brain Injury Surveillance Network. Although in-
cluding multiple centers increases generalizability, it does not nec-
essarily represent the entire population."” Despite these limita-
tions, this study is the first study to calculate preventable mortal-
ity of severe traumatic brain injury patients. A larger multicenter
study on patients with traumatic brain injury would further clari-
fy the questions raised by this research.

In addition, it took several years to publish the results follow-
ing our study. If possible, it would be valuable to incorporate more
recent data and evaluate results from the larger population over
a longer period.

Our small population study found that an important and mea-
surable rate of preventable mortality occurs in the initial care of
traumatic brain injury patients. Patient care errors were common,
and most occurred in the emergency department. Errors were also
common in the prehospital phase but did not always lead to mor-
tality. When analyzed by type of problem, both process- and in-
frastructure-related errors occurred in similar proportions.
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Appendix 1. A list of actual errors by location and type

CEEM

No. of errors

Location of errors

Type of errors

Actual problems

2
1
1
4
2
2

1
2

N N D 01— N W W © = —

Prehospital

Prehospital

Prehospital

Prehospital

Prehospital

Prehospital

Prehospital
Interhospital transfer
Interhospital transfer
Interhospital transfer
Emergency department
Emergency department
Emergency department
Emergency department
Emergency department
Emergency department
Emergency department
Emergency department
Emergency department
Emergency department
Emergency department
Intensive care unit
Intensive care unit
Intensive care unit

Process
Process
Process
Structure
Structure
Structure
Structure
Process
Structure
Structure
Process
Process
Process
Process
Process
Process
Structure
Structure
Structure
Structure
Structure
Process
Process
Structure

Inadequate airway management

Inadequate cervical spine protection

Inadequate monitoring during transport

Transport of the patient to a hospital without operating suite available at that time
Transport of the patient to a hospital without the department of neurosurgery
Transport of the patient to a hospital without general surgeon available at that time
Transport of the patient to a hospital without neurosurgeon available at that time
Delay in transfer to another hospital

Inadequately staffed ambulance

Inadequately equipped ambulance

Refusal of operation consent by family member

Delay of blood transfusion

Inadequate airway management

Failure or delay of radiological intervention for active extravasation

Failure or delay of neurosurgery consultation for severe traumatic brain injury
Failure or delay of orthopedic surgery consultation for pelvic instability

Delay of computed tomography scanning because of overcrowding in emergency department
Delay in transfer to operating suite

Delay of intensive care unit admission because of no available bed

Lack of intracranial pressure monitoring resulting in abrupt brain herniation
Absesce of neurosurgeon capable of craniotomy at that time

Delay in detecting ST segment elevation myocardial infarction on electrocardiogram
No deep vein thrombosis prophylaxis

No device for renal replacement therapy available at that time
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Appendix 2. Problem codes to investigate preventable death®*

Preventable deaths in TBI patients

A. Prehospital
B. Emergency department
C. Operation room
D. Intensive care unit
E. General ward
F. Interhospital transfer
1. System inadequacy
1-1. Reception, delivery, consultation
Inappropriate reception
Inappropriate transport
1-2. Resuscitation
1-3. Investigation
Delay in investigation
1-4. Monitoring
Inadequate monitoring facilities
Lack of intracranial pressure monitoring
1-5. Transfer
Delay in transfer to operation room
1-6. Others
2. Problems in treatment
2-1. Consultation
2-1-1 Failure or delay of neurosurgery consultation
2-1-2 Failure or delay of general surgery consultation
2-1-3 Failure or delay of chest surgery consultation
2-1-4 Failure or delay of any consultation
2-1-5 Inadequate observation
2-1-9 Other inappropriate reception/delivery
2-2. Resuscitation
2-2-1 Inadequate airway resuscitation
2-2-2 Inadequate ventilation or breathing
2-2-3 Inadequate fluid resuscitation
2-2-4 |Inadequate blood resuscitation
2-2-9 Other resuscitation problems
2-3. Investigation or assessment error
Failure to arrange computed tomography of head
Delay in investigation
Failure to perform proper investigation
Inadequate assessment of abdomen
2-3-1 Head
2-3-2 Origin of shock
2-3-3 Chest or respiration
2-3-4 Abdomen

2-4. Monitoring
Inadequate arterial blood gas analysis or oxygen monitoring
Intracranial pressure monitoring

2-5. Transfer
Transfer delay to operation room
No laparotomy
Inappropriate transfer to ward premature
Discharge
Delay in transfer to operation room
Delay in transfer to another hospital

2-6. Other treatment
Inadequate cervical spine protection
Chest decompression delayed
Delay in fracture stabilization/fixation
No deep vein thrombosis prophylaxis
Inadequate nutrition

3. Problems in diagnosis

Epidural hemorrhage and subdural hemorrhage

Ruptured aorta

Perforated esophagus

Liver and spleen laceration

Delayed management of deep vein thrombosis

Failure of diagnosis of acute respiratory distress syndrome
Mesenteric ischemia

Head injury with chronic alcoholics

4. Problems in procedures

Excessive rapid medical anti-shock trousers deflation
Worsening hypovolemic shock

Inadequate IV lines

Inadequate respiratory resuscitation

Inappropriate anesthetic technique

Inappropriate operative procedures

Central venous pressure complication

Injured mesentery by suprapubic catheter

5. Others
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