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Abstract

Background Trauma registries (TR) collect information
about trauma patients according to inclusion criteria, and
it helps to establish protocols to improve care. However, all
TR deal with incompleteness. The aim of this study is to
assess the number of patients not included despite fulfill-
ing inclusion criteria in our regional TR and identifying the
predictors for being missing.

Methods The sample was randomly selected. Two months
of each year from 2010 to 2014 (5 years) were selected,
and medical files of all patients attended in the emer-
gency department room during those months were studied.
Patients who were already correctly included in the TR
were assigned to the ‘included’ group, and patients who
should have been but were not to the ‘missing’ group. The
multivariable logistic regression analysis was performed to
identify predictors for being missed from the TR.

Results Of a total of 200, 79 (40 % approximately) were
identified as missing. We defined the characteristic profiles
of missing patients and found that the hospital RTS and the
number of injuries are independent predictors to be missing
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in our trauma registry, with an adjusted odds ratio of 1844
[95 % (1092-3114) and 0.574 (95 % CI 0.428-0.770)],
respectively.

Conclusions Overall, 40 % of the patients who met the
inclusion criteria of the TR were not included in the regis-
try. Our results can be generalized to other trauma records
based on Utstein style, because we think probably that this
fact is also happening in other databases.

Keywords Humans - Missing patients - Trauma registries -
Utstein style

Introduction

Trauma records are regional databases aimed at knowing
the magnitude of the problem of major trauma and its char-
acteristics, assessing the quality of medical care provided
by emergency systems and identifying areas for improve-
ment to enhance the survival of the victims [1, 2]. Such
registries also allow comparative assessment with other
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regional systems of the same or different countries to draw
meaningful conclusions and compare results (benchmark-
ing) [3-6].

To this purpose, the recorded data should be accurate,
reliable, and complete. Several studies have shown that the
reliability of the most important result variables of such
registries (injury encoding and severity of injury and sur-
vival) is high [7-9].

Several research teams have also shown that all trauma
registries have different variables with incomplete val-
ues and this may be an obstacle to meaningful analysis of
the data. For example, obtaining comprehensive data on
response times, physiological data, such as Respiratory
Rate (RR), Glasgow Coma Scale (GCS), or excess bases,
might be difficult [8, 9].

In addition, not complying with the inclusion crite-
ria may be a significant factor to obtain biased and incor-
rect results [10]. Therefore, adherence to the inclusion
and exclusion criteria is critical for the consistency of the
records of trauma [10]. The number of patients incorrectly
included (i.e., those who do not meet the criteria of sever-
ity and have been included) is relatively important, as they
may be excluded when analyzing.

However, the number of patients who should have been
included in the database and are not (missing) should be
minimized, and their characteristics known, so that we can
know if a specific pattern of systematic error occurs or it
happens randomly [7, 11].

Navarre is a region in northern Spain with an area of
10,421 km? and a population of 637,000. The emergency
medical services are managed by a coordination center,
which mobilizes the resources to assist the accident vic-
tim (medicalized and non-medicalized ambulances and
helicopter) and deliver patients to the appropriate hospital
emergency services. Navarre has a tertiary hospital work-
ing as a reference center for major trauma (Navarre Hos-
pital Complex) and two county general hospitals (Hospi-
tal Garcia Orcoyen of Estella and Hospital Reina Soffa of
Tudela) [12].

In recent years, several publications of our group have
been focused on the magnitude of the problem in our com-
munity and in different variables regarding the survival of
our patients [12—14]. However, the data on the patients who
are missing are not available. In addition, we do not know
if their characteristics, and severity and type of injuries dif-
fer from those in patients included.

Knowing the number of patients missing and comparing
this group of patients with the group of patients included is
important, as the conclusions drawn from our studies are
used to provide quality standards in our community and to
compare our system with other systems.
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This study has been aimed at evaluating the number of
patients not included in our regional trauma registry and
identifying the predictors to be included.

Method
Major Trauma Registry of Navarre

Since 2010, the Healthcare System of Navarra has a Reg-
istry for major trauma called “Major Trauma Registry of
Navarre” (MTRN). This is a database strictly tailored to
the variables and categories defined by Utstein style [14,
15]. The injuries suffered by each patient are entered using
a computer application based on the Abbreviated Injury
Scale (AIS) version 2008.

Database inclusion criteria were patients injured by
external agents of any kind with a New Injury Sever-
ity Score (NISS) >15 [14, 15]. Exclusion criteria were:
patients admitted in hospital more than 24 h after injury;
patients declared dead before arrival at hospital or showing
no signs of life upon arrival and no response to resuscita-
tion; and patients injured by hanging or burnt patients with
no other trauma injuries [14, 15].

A Web application that allowed users to collaborate in
the provision of data for trauma cases was developed to
register patients. The users were the physicians in the inpa-
tient and outpatient Emergency Services and Intensive
Care Services of the Public Healthcare System of Navarre
with approximately 150 users. The overall supervision and
administration of the system was conducted by a data man-
ager that ensured compliance with the inclusion criteria and
the introduction of data for each patient.

A typical scenario of collaboration is as follows: a pre-
hospital user identifies a possible case of trauma (personal
data, date, and receiving center) and prehospital informa-
tion: Revised Trauma Score (RTS), score on the GCS,
mechanism, and intent of the injury. Then, a hospital user
diagnoses the patient and completes the patient’s records:
Injury Severity Score (ISS), NISS, RTS, and previous
comorbidity. Then, the data manager supervises the inclu-
sion criteria and maintains or removes the patient from the
database, checks the variables, and closes the case when
the patient is discharged or dies.

Since a patient can be treated in different hospitals, the
system supports the collaboration of several hospitals, ena-
bling the possible management of transfers. Thus, a case
of trauma may consist of several hospital records (one for
each hospital) in which the system summarizes according
to a predefined algorithm after analyzing the different hos-
pital records.
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The legislation in force on safety and confidentiality of
personal data were particularly taken into account for soft-
ware development, and security measures classified as high
level (data backup was performed in a different place to
the server residence and encryption of the media contain-
ing this information) were implemented [14]. Confidential-
ity was guaranteed using SSL 3.0/TLS 1.0 encryption. The
system records access date and time and if access has been
possible. As for authentication, each user received a signa-
ture file (provided by the system administrator) to enter the
system and ensure their identity [14].

Design and sample size

The required sample size (consisting of patients included
and missing patients) is calculated with the formula:

n= 722(p.q)/ e2.

Being n = required sample size; z = 1.96 (confidence
level of 95 %); p estimated percentage of missing patients;
q = 100 — p and e = sampling error accepted.

The size of the sample was calculated with a hypothe-
sis of 20 % of missing patients with a confidence interval
between 0.15 and 0.25 and a 95 % of reliability.

The required sample size was 198 patients. Since each
month 20 patients were included, checking 10 months
chosen randomly in the three hospitals was required. The
10 months randomly checked to study patients at the emer-
gency service and trauma registry from 2010 to 2014 were:

2010: January and October
2011: March and August
2012: May and November
2013: July and December
2014: February and June.

e o o o o

Compilation of missing patients

Data collection was performed by a doctor of our team,
specialist, and well trained in trauma. These patients were
collected through computerized records of the emergency
services of each hospital. The medical records of all
patients having some trauma in those months were studied
through the Historia Clinica Informatizada (HCI) com-
puter software.

To that purpose, we chose 1 month in the first semes-
ter and another month in the second semester for each
year mentioned. Medical records of patients assisted in the
emergency room for any trauma through triage grounds
were reviewed. Consultation encoded by medical person-
nel as head, limb, thoracoabdominal, and multiple injuries
has been included in the search in relation to the patient

destination (Exitus, observation, hospitalization, Intensive
Care Unit [ICU], surgery, and home).

Patients meeting the inclusion criteria of the trauma
registry and not being included in the database were
assigned to the “missing” group. The patients who were
already included in the trauma registry were assigned to the
“included” group.

To both groups, the following data were collected: Age,
sex, type of accident (blunt or penetrating), mechanism of
injury (traffic accidents, fall from low/high height, others),
physiological parameters, characteristics of injuries (num-
ber of injuries and number of injured areas), injury sever-
ity (ISS and NISS), length of hospital stay, highest level of
hospital care, previous comorbidity, and hospital mortality.
The probability of survival was calculated with Trauma and
Injury Severity Score (TRISS) method, combining ISS,
RTS, and patient’s age [16].

Statistical analysis

All statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 21.0. The qualitative varia-
bles were described with the frequency distribution of each
category. Categorical data were expressed as proportions
and percentages. Quantitative variables were described
using the mean and standard deviation (SD) if following a
normal distribution, and the median and interquartile range
(IQR) otherwise.

The study of the association among qualitative vari-
ables was performed using the Chi-square test. The
Mann—-Whitney test and mean comparison for independ-
ent samples were used for continuous variables (not
normally distributed and normally distributed, respec-
tively). A value of p < 0.05 was considered statistically
significant.

Multivariate statistics were performed to estimate the
risk of not being included. In the logistic regression model,
the following variables were used: Gender, age, level of
hospital care, comorbidity, hospital RTS, NISS, and num-
ber of lesions. As a dependent variable in the database not
being included (1) was used and if being included (0) was
used.

Covariables considered relevant from a clinical and
epidemiological point of view and which had shown sta-
tistical significance in the bivariate analysis were included.
The odds ratio (OR) was presented with a 95 % confidence
interval.

The ability of the variables as predictors of miss-
ing patients in the trauma registry was presented with the
Receiving Operating Characteristics (ROC) curve and
the Area Under Curve (AUC) with their 95 % confidence
intervals.
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Results

Six patients who did not meet inclusion criteria (NISS > 15)
were excluded. Finally, the sample included in this quality
control was 200 patients, to whom the parameters defined
in the methods section were evaluated. The most relevant
characteristics of the patients are shown in Table 1.

A total of 618 injuries were encoded. The most fre-
quently injured body region was the head (283 patients),
chest (191), limbs (70), abdomen (36), face and neck (20),
and external (18).

Comparison between patients not included
and included

Seventy-nine (79) cases of patients, who met inclusion cri-
teria (NISS > 15) were not included in our trauma registry
(39.5 %), were identified.

Significant differences were observed between patients
included and not included in the following variables: age,
sex, vital parameters, highest level of hospital care, previ-
ous comorbidity, probability of survival, and number of
injuries and injured regions (see Table 1).

For the injured body regions, it is observed that 63 %
of the missing patients have a single body injury affected
compared to 45 % of the included and 32 % of those not
included have two affected regions versus 31 % of those
included. In addition, only 5 % of the missing patients have
three or more affected regions compared to 24 % of those
included (p < 0.05).

Predictors of non-inclusion in the trauma registry

The results of the multivariate logistic regression are shown
in Table 2. Having a high hospital RTS and high number of
coded injuries is significant predictors for being missing with
an OR of 1.84 (1.09-3.11) and 0.57 (0.43-0.77), respec-
tively. The ability of Hosptial RTS and number of coded
injuries as predictors of missing patients in the trauma reg-
istry was presented with the ROC curve and the AUC with
their 95 % confidence intervals is shown in the Fig. 1.

Profile of missing vs. included patients

Table 3 show the profile of missing patients by the group of
age. In this group, most patients (46) were over 65 years.
Of these, (70 %) were women: (80 %) had previous comor-
bidity of moderate-to-severe systemic disease, (81 %) with
an injury mechanism of low height fall, (48 %) arrived in
hospital in conventional ambulance, anatomical indicators
(ISS median [IQR], 16 [16], NISS median [IQR] 17 [16—
22]), physiological indicators (Total hospital GCS median
[IQR] 15 [15], Hospital RR median [IQR] 15 [15-18],
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Hospital SBP median [IQR] 150 [140-167], and Hospital
RTS median [IQR] 7.8 [7.8-7.8]), characteristics of inju-
ries (number of injured areas median[IQR] 1 [1, 2]), whose
highest level of medical care was hospital admission, and/
or observation (89 %) and (83 %) discharged home with
good recovery (83 %).

On the other hand in the group of included patients, the
majority (59) were under 50 years. Of these, 81 % were
men: 55 % were healthy with no previous comorbidity,
56 % had an injury mechanism of traffic accident, and 70 %
arrived in hospital in medicalized ambulance, anatomical
indicators (ISS median [IQR], 17 [13-25], NISS median
[IQR] 23 [17-32]), physiological indicators (Total hospital
GCS median [IQR] 15 [10-15], Hospital RR median [IQR]
15 [15-20], Hospital SBP median [IQR] 130 [110-140],
and Hospital RTS median [IQR] 7.8 [6.3-7.8]), and charac-
teristics of injuries (number of injured areas median [IQR] 2
[1-3]), whose highest level of medical care was ICU (56 %)
and (73 %) discharged home with good recovery (83 %).

In both groups, patients were transferred to another
hospital after initial assessment [15/121 (12 %) vs. 9/79
(11 %; p = 0.070)]. Both the probability of survival (or
expected mortality) and observed mortality, important out-
come measures of the trauma registry are used for external
benchmarking of risk-adjusted mortality, differ between the
missing and the included patients, as shown in Table 1.

Profile of included vs. missing patients by hospitals

Table 4 shows the basic features of missing vs. included
patients. By hospitals, missing group was elder than included
patient groups [missing group; Navarra Hospital Complex,
mean(SD) 70 (26), Hospital of Estella, mean(SD) 74 (25),
Hospital of Tudela mean(SD) 62 (24) vs. included patients
group; Navarra Hospital Complex, mean(SD) 53 (24), Hospital
Estella, mean(SD) 68 (23.5), and Hospital of Tudela mean(SD)
61 (23.5)]. In the missing group, most of patients were female
[missing group; Hospital Estella (64 %), and Hospital of Tudela
(62 %)] regarding to the included group, where most of them
were male [included patients group Hospital of Estella (92 %)
and Hospital of Tudela (60 %)], except in Navarra Hospital
Complex, where most of them were male in both the groups
[missing patients (58 %) vs. included patients’ group (80 %)].
The majority of missing patients arrived in the conventional
ambulance particularly in Hospital Estella (60 %) and Hospi-
tal Tudela (54 %), while in Hospital Navarra Complex, most of
them (64 %) arrived in medicalized ambulance (64 %).

In all hospitals, the most common mechanism of injury
among the missing patients was the fall form low height
[Hospital Navarra Complex (54 %), Hospital Estella
(60 %), and Hospital Tudela (69 %)], while the included
patients’ group was traffic accident [Hospital Navarra Com-
plex (60 %) and Hospital Estella (42 %)] except in Hospital
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Tabl? 1 Demogra}p hic and Patients included Missing patients p value
hos.pltal .characterlstlcs of the . N=(21) n=(79)
patients included compared with
those not included Age 56 (24) 63 (26) 0.041
Male 92 (76 %) 46 (58 %) 0.008
Female 29 (24 %) 33 (42 %) -
Anatomical and physiological index
Total hospital GCS 15 (12-15) 15 (15-15) <0.001
Hospital SBP 129 (112-141) 144 (123-157) <0.001
Hospital RR 16 (15-20) 15 (15-19) 0.320
Hospital RTS 6.9 (1.6) 7.7(0.5) <0.001
Days in hospital 6 (3-12) 5(1-9) 0.050
Transfer to another hospital 15 (12-19) 9 (8-13) 0.080
ISS 16 (14-25) 16 (16-17) 0.007
NISS 25 (18-29) 18 (16-25) <0.001
Probability of survival (TRISS) 0.789 (0.993-0.724) 0.913 (0.990-0.773) <0.001
Hospital level 0.610
Navarre Hospital Complex 83 (69 %) 56 (71 %)
Hospital Estella 12 (10 %) 10 (13 %)
Hospital Tudela 26 (21 %) 13 (16 %)
Highest level of hospital care 0.080
Observation 119 %) 10 (13 %) -
Hospitalization 68 (56 %) 52 (66 %) -
Surgery 8 (7 %) 79 %) -
ICU 34 (28 %) 10 (12 %) -
Previous comorbidity 0.083
Healthy 78 (65 %) 41 (52 %)
Moderate + severe systemic disease 43 (35 %) 38 (48 %)
Survival to discharge 0.020
Survives 96 (79) 73 (92 %)
Dies 25 (21 %) 6 (8 %)
Trauma mechanism
Blunt 116 (96 %) 79 (100 %) 0.060
Penetrating 54 %) 0
Mechanism of injury 0.081
Traffic 65 (54 %) 29 (37 %)
Fall from low height 26 (21 %) 38 (48 %)
Fall from great height 20 (17 %) 5 (6 %)
Other 10 (8 %) 70 %)
Number of global injuries in patients 442 176
Global number of AIS coded per patient 4 (2-5) 2 (1-3) <0.001
Number of injured areas 2 (1-2) 1(1-2) <0.001
Injuries per regions 443 177
Head and neck 80 (67 %) 55 (70 %) 0.640
Face 10 (8 %) 8 (8 %) 1.0
Thorax 68 (56 %) 24 (30 %) <0.001
Abdomen 18 (15 %) 4(5 %) 0.04
Pelvic ring 3529 %) 18 (23 %) 0.412
External 14 (12 %) 4(5%) 0.130

Data are expressed as mean (SD), number (percentage), or median (IQR)

Bold values indicate statistically significant p values (p < 0.05)

GCS Glasgow coma score, ISS injury severity score, NISS new injury severity score, RR respiratory rate,
SBP systolic blood pressure, AIS abbreviated injury scale, RTS revised trauma score, /CU intensive care

unit)
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Table 2 Multivariate logistic regression analysis for predictors of
being missing in the registry

Variable P OR (IC 95 %)

Age 0.622 1.005 (0.986-1.024)
Sex 0.125 1.821 (0.847-3.915)
Level of hospital care 0.528 0.745 (0.298-1.861)
Previous comorbidity 0.478 0.794 (0.419-1.503)
Hospital RTS 0.022 1.844 (1.092-3.114)
NISS 0.344 0.969 (0.909-1.034)
Number of injuries <0.001 0.574 (0.428-0.770)

Bold values indicate statistically significant p values (p < 0.05)
RTS Revised Trauma Score, NISS New Injury Severity Score
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Fig.1 ROC curve of the factors associated with the prediction of not
being in the database. Both variables, number of coded injuries, and
hospital RTS are shown with green and blue lines, respectively. The
AUC values with the associated 95 % confidence intervals are also
shown

Tudela, where the most common mechanism of injury was
fall from low height (50 %). In the included patients group,
Hospital Navarra Complex had more severely injured
patients with anatomical indicators (ISS median [IQR] 16
[14-25] and NISS median [IQR] 29 [27-35]) than Hospital
of Estella (ISS median [IQR] 17 [9-19] and NISS median
[IQR] 26 [18-28]) and Hospital of Tudela (ISS median
[IQR] 18 [15-25] and NISS median [IQR] 26[20-31]).

In the missing group also, Hospital Navarra Complex
had more severely injured patients with anatomical indica-
tors (ISS median [IQR] 16 [16-18] and NISS median [IQR]
20 [16-25]) regarding to Hospital Estella; ISS median [IQR]
16 [9-17] and NISS median [IQR] 16 [16-21], and Hospital
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of Tudela; ISS median [IQR] 16 [14—16] and NISS median
[IQR] 16 [16-22]). Hospital of Tudela had a high percent-
age of missing patients with a significant previous comorbid-
ity of moderate-to-severe systemic disease (54 %), whereas
Hospital Navarra Complex and Hospital of Estella had a high
number of healthy patients (51 %) and (60 %), respectively.
A high percentage of healthy patients in the included group
was treated in Hospital Complex Navarra (76 %), while in
the same group, patients with previous comorbidity of mod-
erate-to-severe systemic disease were treated in the Hospital
of Tudela (67 %) and Hospital of Estella (58 %).

The highest level of care in all hospitals of both groups
was hospitalization, as shown in Table 4; however, it should
be mentioned that a high number of patients in the included
patients group in Hospital Navarra Complex, Hospital of
Estella and Hospital of Tudela were treated in ICU (31 %),
(25 %), and (19 %), respectively.

Discussion

This study shows that nearly 40 % of all patients attend-
ing emergency room in any of the three hospitals of our
regional network were not included in the trauma registry,
even though they met the inclusion criteria. We have found
that hospital RTS and the number of injuries are independ-
ent predictors to be missing in our trauma registry.

Several studies have addressed the problem of missing
data or errors in trauma registries, such as variables with
physiological data or injury encoding, and even statistical
methods have been developed to treat them [10, 17, 18].
However, few studies are available analyzing compliance
with inclusion criteria of a database, such as Olthof that
quantifies by 15 % the number of patients missing, a per-
centage significantly lower than that found by our team [7].

There are several reasons that might justify this outcome
together. On the one hand, the way patients are included in
the records based on the collaboration of physicians tak-
ing care of patients in several health care levels and not at
the hospital administration area, as stated in the method
section. The hospital administration encodes the reasons
through the ICD-10 codes and not through AIS injury
codes (inclusion criteria as severe trauma patients accord-
ing to Utstein model).

On the other hand, the missing patient’s profile has been
shown in the results. These patients have comorbidity pre-
vious to the event, ranging from moderate to severe, with
a single head injury (AIS = 4) that is usually cranial con-
tusion with a small subdural hematoma. They are usually
elder women, undergoing no specific treatment and admit-
ted for observation and/or hospitalization with conservative
treatment until death or until being discharged home with
their baseline status.
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Table 3 Characteristics of included (n = 121) vs. missing patients (n = 79) by the group of age

Group of age
<50 years 51-64 years >65 years
Included patients ~ Missing patients  Included patients ~ Missing Included patients ~ Missing patients
N =159 (74 %) N=2126 %) N =18 (60 %) patients = 12(40 %) 44 (49 %) 46 (51 %)
Sex
Male 48 (81 %) 18 (86 %) 11 (61 %) 10 (84 %) 33 (75 %) 18 (30 %)
Female 11 (19 %) 3 (14 %) 7 (39 %) 2 (16 %) 11 (25 %) 28 (70 %)
Type of transport
Medicalized 41 (70 %) 14 (67 %) 11 (61 %) 6 (50 %) 20 (45 %) 19 (41 %)
ambulance
Conventional 13 (22 %) 3 (14 %) 6 (33 %) 5 (42 %) 15 (35 %) 22 (48 %)
ambulance
Own means 58 %) 9 (19 %) 2 (6 %) 18 %) 9 (20 %) 511 %)
Previous comorbidity
Healthy 55 (93 %) 20 (96 %) 14 (78 %) 11 (92 %) 16 (36 %) 10 (20 %)
Moderate and 4(7 %) 14 %) 4 (22 %) 18 %) 28 (64 %) 36 (80 %)
severe systemic
disease
Mechanism of injury
Traffic 33 (56 %) 11 (53 %) 12 (67 %) 5 (42 %) 20 (45 %) 6 (13 %)
Fall from low 9 (16 %) 3 (14 %) 2 (11 %) 5 (42 %) 15 (34 %) 37 (81 %)
height
Fall from great 12 (20 %) 4 (19 %) 317 %) 0(0 %) 511 %) 12 %)
height
Other 5(8 %) 3 (14 %) 1(5 %) 2 (16 %) 4 (10 %) 2 (4 %)
Anatomical and physiological index
ISS 17 (13-25) 17 (16-20) 17 (11-24) 16 (9-18) 16 (15-19) 16 (16-16)
NISS 23 (17-32) 22 (17-29) 27 (23-33) 18 (18-24) 16 (16-25) 17 (16-22)
Total hospital 15 (10-15) 15 (14-15) 15 (12.5-15) 15 (15-15) 15 (12.5-15) 15 (15-15)
GCS
Hospital RR 15 (15-20) 15 (15-22) 17 (15-19) 15 (15-19) 16 (15-19) 15 (15-18)
Hospital SBP 130 (110-140) 118 (112-133) 128 (95-130) 136 (125-153) 140 (130-150) 150 (140-167)
Hospital RTS 7.8 (6.3-7.8) 7.84 (7.84-7.84) 7.8 (6.9-7.8) 7.84 (7.84-7.84) 7.8 (6.9-7.8) 7.84 (7.84-7.84)
Injuries per regions (AIS > 3)
Head and neck 32 (57 %) 6 (28 %) 8 (67 %) 4 (33 %) 40 (76 %) 36 (79 %)
Face 6 (11 %) 0 18 %) 0 3(6 %) 0
Thorax 37 (66 %) 7 (33 %) 10 (83 %) 0 21 (39 %) 3(7 %)
Abdomen 13 (23 %) 15 %) 2 (17 %) 0 3(6 %) 0
Pelvic ring 22 (39 %) 0 4 (33 %) 0 9 (17 %) 0
External 509 %) 15 %) 18 %) 0 8 (15 %) 0
Number of 2(1-3) 2(1-2) 2 (1-3) 2 (1-2) 1(1-2) 1(1-1)
injured areas
Global number 3 (3-5) 3(2-3.7) 4(4-5) 3(2-4) 3(2-4) 2(1-2)
of AIS coded
per patient
Highest level of hospital care
Observation 3(5 %) 2 (10 %) 9 (50 %) 18 %) 8 (17 %) 7(15 %)
Hospitalization 12 (20 %) 9 (44 %) 15 %) 9 (75 %) 28 (64 %) 34 (74 %)
Surgery 11 (19 %) 4 (18 %) 5 (28 %) 2 (5 %) 3(6.5 %)
ICU 33 (56 %) 6 (28 %) 317 %) 2 (17 %) 6 (14 %) 2 (4.5 %)
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Table 3 continued

Group of age
<50 years 51-64 years >65 years
Included patients ~ Missing patients  Included patients  Missing Included patients ~ Missing patients
N =159 (74 %) N =21 (26 %) N =18 (60 %) patients = 12(40 %) 44 (49 %) 46 (51 %)
Discharge status
Good recovery 49 (83 %) 19 (91 %) 13 (73 %) 8 (67 %) 26 (59 %) 38 (83 %)
Moderate dis- 2 (4 %) 1(4.5 %) 2 (11 %) 3(25 %) 6 (14 %) 2 (4 %)
ability
Severe disability 3(5%) 1(4.5 %) 1(5 %) 1 (8 %) 2(5%) 12 %)
Dead 58 %) 0 2 (11 %) 0 10 (22 %) 511 %)
Discharge destination
Home 43 (73 %) 19 (91 %) 13 (73 %) 8 (67 %) 25 (57 %) 38 (83 %)
Rehabilitation 2 (4 %) 1(4.5 %) 2 (11 %) 3(25 %) 3(7 %) 2 (4 %)
Death 5(8 %) 0 (0 %) 2 (11 %) 0 (0 %) 10 (22 %) 5 (11 %)
Other hospitals 9 (15 %) 1(4,.5 %) 1(5 %) 18 %) 6 (14 %) 12 %)

Data are expressed as mean (SD), number (percentage) or median (IQR)

GCS Glasgow Coma Score, ISS Injury Severity Score, NISS New Injury Severity Score, RR Respiratory Rate, SBP Systolic Blood Pressure,
ICU Intensive Care Unit, RTS Revised Trauma Score, AIS Abbreviated Injury Scale

This profile sometimes implies that the doctors treat-
ing these patients do not consider them as major multi-
ple trauma patients, as there is no physiological effect
(increased RTS, Glasgow 15 points, and normal blood
pressures), and they do not require surgery or admission in
ICU.

Almost 80 % of missing patients were admitted for
observation and/or hospitalization, and only the remaining
20 % required surgery and/or ICU care compared to 65 %
and 35 % of patients included. Most patients not included,
52 %, had previous moderate-to-severe comorbidity com-
pared to 43 % of those included. Most of the patients not
included have fewer injuries and a single-affected region
(often the head), they are older, and their usual mechanism
is a fall from their own height compared to the patients
included. Therefore, the fragility of patients has determined
that the traumatic disease is not a subsidiary of any specific
treatment, and in most cases, it is left to its natural evolu-
tion. These are fragile, elderly patients who suffer acciden-
tal falls and sometimes die, because the therapeutic effort
is limited.

Our profile is clearly different from Olthof study in
which missing patients were related to certain hospitals in
which there were figures of missing patients above 50 %
and especially with the transfer of such patients from one
hospital to another [7]. No statistics difference has been
shown between hospitals of our study; however, the results
show a higher figure than expected. Even in the Trauma
Center (Hospital Navarra Complex), where the most
severely ill patients are sent and where the medical care to
most trauma patients is located, these figures are also high
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(71 %) regarding to Hospital Garcia Orcoyen of Estella
(13 %) and Hospital Reina Sofia of Tudela (16 %).

Injured patients who may need neurosurgical treat-
ment were sent from the Hospital of Estella and Hospital
of Tudela to Hospital Navarra Complex; however, transfer
of these patients after initial assessment between hospitals
was not related to the missingness of these patients. The rea-
son that explains the high percentage found in our Trauma
Centre (Hospital Navarra Complex) was the profile of miss-
ing patients. It has shown in Table 1 that there was a high
percentage of head injury in both groups, especially in the
missing group (70 %), so most of them were transferred to
Hospital Navarra Complex, but given their characteristics,
the doctors treating these patients did not consider them
severely injured patients, since there was no physiological
effect and they did not need surgery or admission in ICU,
and therefore, they were not included in the trauma registry.
The majority of them were elder women, with previous mod-
erate-to-severe comorbidity, fell from low height, no physi-
ological effect, and single-affected region (often the head),
whose highest level of medical care was hospital admission
and/or observation and discharged home with good recovery.

The profile of trauma patients has changed signifi-
cantly in our community due to the gradual intensifica-
tion of surveillance, fines, and publicity given to questions
of road safety [19]. These actions have reduced mortality
in younger patients injured in accidents in our commu-
nity, but the proportion of older patients injured in falls
has risen [19]. Due to their fragility (previous comorbidity
and different treatments), patients over 65 years with simi-
lar degrees of injury have twice mortality rate than young
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Table 4 Characteristics of missing vs. included patients by hospitals

Navarre Hospital Complex N = 139

Hospital Estella N = 22

Hospital Tudela N = 39

Included patients ~ Missing patients

Included patients

Missing patients

Included patients

Missing patients

83 (60 %) 56 (40 %) 12 (55 %) 10 (45 %) 26 (67 %) 13 (33 %)
Age 53 (24) 70 (26) 68 (23.5) 74 (25) 61 (23.5) 63 (24)
Male 66 (80 %) 32 (58 %) 11 (92 %) 4 (46 %) 15 (60 %) 5 (38 %)
Type of transport
Medicalized 59 (71 %) 36 (64 %) 7 (58 %) 2 (20 %) 14 (53 %) 5 (38 %)
ambulance
Conventional 18 (22 %) 17 (30 %) 4(33 %) 6 (60 %) 519 %) 7 (54 %)
ambulance
Own means 6 (7 %) 3(6 %) 109 %) 2 (20 %) 7 (28 %) 18 %)
Trauma mechanism
Blunt 80 (96 %) 56 (100 %) 11 (92 %) 10 (100 %) 26 (100 %) 13 (100 %)
Mechanism of injury
Traffic 50 (60 %) 17 (30 %) 5 (42 %) 2 (20 %) 10 (38 %) 3(23 %)
Fall from low 9 (12 %) 30 (54 %) 4 (33 %) 6 (60 %) 13 (50 %) 9 (69 %)
height
Fall from great 17 (20 %) 4 (7 %) 2 (17 %) 1(10 %) 14 %) 0 (0 %)
height
Other 7 (8 %) 50 %) 18 %) 1(10 %) 2 (8 %) 18 %)
Anatomical and physiological index
Total hospital 15 (12-15) 15 (15-15) 15 (14-15) 15 (15-15) 15 (9-15) 15 (15-15)
GCS
Hospital SBP 130 (120-140) 142 (120-154) 133 (120-145) 142 (120-154) 135 (99-150) 145 (124-165)
Hospital RR 15 (15-18) 15 (15-20) 15 (15-22) 15 (15-18) 20 (15-22) 15 (15-16)
Hospital RTS 7.8 (6.9-7.8) 7.8 (7.8-17.8) 7.8 (7.2-7.8) 7.8 (7.8-7.8) 7.8 (6.6-7.8) 7.8 (7.8-7.8)
ISS 16 (14-25) 16 (16-18) 17 (9-19) 16 (9-17) 18 (15-25) 16 (14-16)
NISS 25 (18-29) 20 (16-25) 26 (18-28) 16 (16-21) 26 (20-31) 16 (16-22)
Injuries per regions (AIS > 3)
Head and neck 51 (61 %) 40 (72 %) 8 (67 %) 533 %) 21 (81 %) 9 (70 %)
Face 6 (7 %) 50 %) 18 %) 1(10 %) 3 (12 %) 0(0 %)
Thorax 50 (60 %) 13 (23 %) 6 (50 %) 6 (60 %) 12 (46 %) 5(7 %)
Abdomen 14 (17 %) 12 %) 1 (8 %) 1 (10 %) 3 (12 %) 2 (15 %)
Pelvic ring 24(29 %) 1 (2 %) 4 (33 %) 3 (30 %) 7 (27 %) 3(23 %)
External 6 (7 %) 12 (21 %) 0 (0 %) 0 (0 %) 8 (31 %) 0 (0 %)
Number of injured 3 (2-5) 2(1-3) 3(3-4) 1(1-3) 3(3-5) 1(1-3)
areas
Injuries per 2(1-2) 1(1-2) 1(1-2) 1(1=1) 2(1-3) 1(1-2)
regions
Highest level of hospital care
Observation 5(6 %) 6 (11 %) 0 (0 %) 3(30 %) 6 (23 %) 18 %)
Hospitalization 47 (57 %) 36 (64 %) 9 (75 %) 5 (50 %) 12 (46 %) 11 (84 %)
Surgery 5(6 %) 6 (11 %) 0 (0 %) 0 (0 %) 3 (12 %) 18 %)
ICU 26 (31 %) 8 (14 %) 3(25 %) 2 (20 %) 519 %) 0(0 %)
Previous comorbidity
Healthy 63 (76 %) 29 (51 %) 4(33 %) 6 (60 %) 11 (42 %) 6 (46 %)
Moder- 20 (24 %) 27 (49 %) 8 (67 %) 4 (40 %) 15 (58 %) 7 (54 %)
ate + severe
systemic disease
Discharge status
Good recovery 62 (75 %) 45 (80 %) 8 (67 %) 9 (90 %) 18 (69 %) 12 (92 %)

@ Springer



680

B.A. Ali et al.

Table 4 continued

Navarre Hospital Complex N = 139

Hospital Estella N = 22

Hospital Tudela N = 39

Included patients ~ Missing patients

Included patients ~ Missing patients

Included patients ~ Missing patients

83 (60 %) 56 (40 %) 12 (55 %) 10 (45 %) 26 (67 %) 13 (33 %)

Moderate dis- 7 (8 %) 6 (10 %) 1(8 %) 0 (0 %) 2 (8 %) 0 (0 %)
ability
Severe disability 5(6 %) 23 %) 0 (0 %) 1 (10 %) 14 %) 0 (0 %)
Dead 9 (11 %) 4 (7 %) 3(25 %) 0 (0 %) 5(19 %) 1(8 %)
Discharge destination

Home 59 (71 %) 44 (79 %) 6 (50 %) 9 (90 %) 16 (62 %) 12 (92 %)
Rehabilitation 55 %) 6 (11 %) 1(8 %) 0 (0 %) 2 (8 %) 0 (0 %)
Death 9 (11 %) 4 (7 %) 3(25 %) 0 (0 %) 5(19 %) 1(8 %)
Other hospitals 11 (13 %) 23 %) 2 (17 %) 1 (10 %) 3(11 %) 0 (0 %)

Data are expressed as mean (SD), number (percentage), or median (IQR)

GCS Glasgow coma score, 1SS injury severity score, NISS new injury severity score, RR respiratory rate, SBP systolic blood pressure, AIS abbre-

viated injury scale, RTS revised trauma score, /CU intensive care unit

people and they are more likely to die of medical complica-
tions during admission [20].

Our findings do not mean that these patients are treated
inappropriately, but merely therapeutic efforts are limited
due to their fragile conditions, because it is known that
aggressive interventions would not improve their quality of
life.

At this point, a new question should be set out: should
elder patients, with accidental low fall and with severe
brain injury and obtaining limited therapeutic efforts, be
included?

The aging population in developed countries makes the
profile of trauma patient’s change and this may change
the inclusion criteria of patients in the registries or build
specific registries (geriatric trauma, hip fractures in the
elderly). Efforts should be focused on creating specific
registries segmenting the databases for these patients and
analyze specifically excluding these patients if the purpose
is to check to what extent the early medical interventions
improve survival of patients.

Perhaps, this same fact is happening in other databases;
therefore, it should not necessarily be considered bad man-
agement of trauma registries, but steps should be taken
towards creating specific records for these fragile patients,
which would also help to improve comprehensive care of
these patients.

The results of this study have relevant epidemiological
implications that force us to correct our previous results
focused on how important the problem of falls in the
elderly is becoming in our society in recent years [13].

The results obtained force us to make efforts to improve
the registry. These actions should be focused on:
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Providing the “trauma patient” code from administra-
tion to all patients who arrive in the emergency ser-
vices as a trauma patient by ambulance or helicopter;
To sensitize those responsible for entering the data in
the trauma registry keeping them informed of the per-
centage of current missing patients and the profile of
these patients;

To perform regular quality controls and include statis-
tics reports within the hospital system to show the use-
fulness of trauma registry to medical staff and health
providers and thus motivate data collection;

Insist on the importance of the trauma registry and fill
out the forms prepared with the basic data (Annex 1)
for the capture of trauma cases admitted for observa-
tion and hospitalization;

Further collaboration with the hospital administrative
area when encoding the grounds of admission, includ-
ing the possibility of database crossing for detecting
possible missing patients;

Report on the existence of a trauma registry to the hos-
pital medical personnel and facilitate access (email of
trauma registry users) to capture unreported cases;
Compulsorily encode trauma injuries in the basic form
(Annex 1) of all “trauma patient” through AIS codes
while preparing the discharge report. Therefore, the
program will automatically calculate the ISS and
NISS;

Create an application in the HCI to send the basic form
(Annex 1) to the data manager with the patient’s clini-
cal history whenever a patient has an NISS > 15, so
that the case may be analyzed and entered in the data-
base.
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The great value of trauma registries is to design inter-
vention strategies to reduce morbidity and mortality related
to trauma which basically depends on the quality of the
collected data, so it should be attempted to reach a data-
base with the highest quality within the limits imposed by
available resources. Thus, quality controls are necessary to
ensure that the data introduced in the trauma registries are
precise, reliable, complete, and concordant with the medi-
cal record of patients.

Lefering et al. [21]. mentioned three aspects to take in
account to assess trauma registries. One of them refers
to the completeness regarding the number of cases (i.e.,
are all, or at least most, of the appropriate cases actu-
ally included in the registry?) that was analyzed here. All
trauma registries should evaluated, if any, the incidence and
patterns of missing patients, as it influences the quality of
the collected data and thus the quality of the results.

Limitations

This study has a number of limitations, such as being a rel-
atively small sample of patients when compared with large
international databases. Another limitation is the low num-
ber of published studies to evaluate the completeness of a
trauma registry, and therefore, there is no standard method
for quality control [7, 8, 10]. The effects of intubation,
sedation, and alcohol intoxication on the RTS parameters
could not be controlled for.

In the logistic regression, we can only work with a lim-
ited number of variables [7]. The two variables identified in
this study should not be considered as the only significant
predictors of missing records. Since it is the first study on
a regional basis of trauma based on Utstein style, similar
studies will be necessary to find other variables that can

influence this issue and, therefore, establish specifically
which variables are most sensitive for this kind of study
[14, 15].

Conclusions

In total, 40 % of patients assisted by our healthcare system
meeting inclusion criteria were not included in the trauma
registry. Although this percentage is higher than expected,
we detected the non-inclusion predictors, and likewise, we
have described the profile of patients not included in the
database. These problems show an undeniable need to pro-
vide protocols for internal quality controls, since trauma
registries are important sources of information for the
assessment of medical care, injury prevention, clinical and
epidemiological research, and provision of protocols and
they can be used to quality control and health planning.
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Annex 1. Basic form

Basic form for trauma patient

Hospital Clinical record Date of event
Name First family name Second family name

1-  ftraffic

. - 2. fall

Age Sex Male or Female Mechanism of injury 35 weapon

4-  other:work

accidente, etc
1-  Blunt

Type of injury

2-  Penetrating

Data on anatomical and physiological indicators to fill out

Anatomical index Physiological index
Hezd Face Revised Trauma Score (Calculator)
Grade 1 Grade 1
Hezdache/ dizzinesz [0  Cornezl zbrasion O

secondary to head trauma
Tongue abrasion O

Meack stiffness without fracture

dizlocati Nosze fracture or jaw branch [] . ) . )
or dislocation O Respiratory Rate (breaths per minute)
P 2
Zcalp laceration o ereeee
Tharax Abdamen Glasgow Coma Score I:l
Grade 1 Grade L
Rib fracturs [0  Abrasion/laceration of the
waginz, vulva, penis, scrotum Calculate I:I
Rigid dorssl zpine O ar perineum O
Ribcage contusion |
Grade 2
Extremities Extrensz|
Grade L Grade L
Contusion elbow, shoulder, Lezs than 26 cm abrasion in
knes O face, hand within 51 cm of the
body o
Fhalangeal fracture or O
contusion
Patient s injuries Calculztion 155 and MISS
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Systolic Blood Pressure (mmHg) |:|

L]
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