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| ‘Reducing the impact of traumatic injury, the leading cause of death and disability in young Americans, is
a crucial public health issue. Two elements of pre-hospital care have been recognized as central to

center.

_improving outcome of traumatic injury: reduction of time between injury and arrival at a trauma center,
and pre-hospital stabilization by EMS providers. Preliminary data at a large urban trauma center show
that severely injured patients (blunt trauma 43%, penetrating trauma 57%) transported by civilians have
an improved survival compared to those transported by EMS providers. Unfortunately, there is no
reliable way to obtain data that addresses the element of time between injury and arrival at the trauma
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SIGNIFICANT FINDINGS:

Non-EMS transpdrted patients (ISS » 13) arrived at the hospital eariier after their injuries,
but had shorter transport distances.
USEFUILNESS OF FINDINGS:

Non-EMS patients represent the purest form of “scoop and run”. We believe that the
combined findings of the two reports from LAC+USC have important policy implications in the
prehospital arena, particulary regarding penetrating trauma patients. Not one of the over 3000
patients with penetrating injuries in these studies were even theoretically benefitted by formal
thoraco-lumbar immobilization (i.e. a patient with an unstable vertebral column injury and a less
than complete neurologic deficit).

Several published reports raise doubts regarding the time invested pursuing I.V. fluid
resuscitation. Accordingly we believe that in an urban trauma setting, the prehospital care of a
penetrating trauma victim who is spontaneously breathing and moving his legs should place the
highest priority on rapid transport (as opposed to I.V. resuscitation, intubation, or spinal

immobilization).




ABSTRACT:

Objective: A previous report of 5782 trauma patients demonstrated higher mortality among those
transported by EMS than among their non-EMS transported counterparts. This study was
performed to test the hypothesis that the two groups differed in the injury-to-hospital arrival time
interval.

Design: Prospective cohort matched observation study.

Setting: Level I trauma center, multidisciplinary study group.

Patients: All non-EMS patients were matched with the next appropriate EMS patient by an
investigator who was blinded as to outcome and mode of transport. Matching parameters: age,
Injury Severity Score (ISS), mechanism of injury, head Abbreviated Injury Score, presence of
hypotension. An interview tool was developed to determine time of injury and applied to patients,
witnesses, and friends; and combined with data obtained from police, sheriff and medical examiner
reports/ Every tenth EMS patient with ISS > 13 was also randomly enrolled. Transport distance
was determined by Geographical Information System software.

Outcome measures: Mortality, morbidity, length of stay.

Results: 103 patients enrolled (38 non-EMS, 38 EMS matched, 27 random EMS). Injury tome
estimates using all available data made on 100 patients (96%). Independent raters agreed in 81%.
Deaths, complications, length of stay equal between two groups. Although time intervals were
similar among the two groups. Overall, more critically injured non-EMS patients (ISS > 13) got
themselves to the trauma center in less time than their EMS counterparts (15 mins. vs. 28 mins.,

p<.05).

Conclusion: Non-EMS transported patients (ISS > 13) arrived at the hospital earlier after their



injuries, but had shorter transport distances.



INTRODUCTTON:

A previous report of 5782 trauma patients demonstrated higher mortality among those
transported by EMS than among their non-EMS transported counterparts, . This study was
performed to test the hypothesis that the two groups differed in the injury-to-hospital arrival time
interval.



TEXT OF REPORT

P N DS:

[n order to prospectively test the hypothesis, an interview tool, a method for combining
time estimates, and a screening method to identify a sample of carefully matched patients, were
developed. To accomplish these tasks, the EMS study group, consisting of members of the
division of Trauma/Critical Care, trauma registry personnel, and members of the Social Science
Research Institute of USC, was formed. An interview tool was developed to determine the time
of injury and the factors affecting decision to access the EMS system. Graduate students in the
social sciences were trained to apply this tool to patients, witnesses and friends, and to use it in
conjunction with data obtained from police and sheriff reports with cooperation from the Los
Angeles Police Department and the Los Angeles County Sheriff’s office. Medical examiner
reports for non-surviving patients were also utilized.

In constructing time estimates from the interviews, all data that would reveal that EMS
was involved with a case was temporarily removed from each patient’s file. Two independent
raters (a clinician and a social scientist) reviewed all of the available information from time of
injury for each case and gave estimates for the time of injury. The hospital arrival time was
recorded by emergency department personnel who are specifically assigned the task of
documenting that for all patients. With this method, injury-to-hospital arrival time interval was

_estimated by investigators who were blinded as to mode of transport or patient outcome. Each
rater was free to devise his/her own system for arriving at the best estimate of the injury time and
avoided discussing any system of weighting of the available information before the reviews.
These raters agreed in 81% of cases. A third rater reviewed the information (including the
independent ratings) in each case where there was a discrepancy and made a final determination.

In addition to the data obtained from the aforementioned interviews and reports, patient
demographics, pattern, mechanism and severity of injury, physiologic criteria (vital signs,
Glasgow Coma Score), need for surgical intervention and intensive care, and clinical course
including survival and complications were studied for victims of major trauma (as defined by the
Los Angeles County EMS Authority). All patients were treated according to standard trauma
care principles by a dedicated team led by an in-house trauma attending.

Patient Entry

This was a cohort-matched observation study. The period of patient entry was January -
October, 1997 All patients admitted to the trauma center directly from the scene during the
previous 24 hours were evaluated each morning by one of the clinician investigators for
appropriateness of enrollment. The clinicians made an initial estimate of the ISS and considered
patients with an ISS > 13, or shock on admission (systolic BP < 90 mmHg) as eligible for
inclusion. These patients were recorded in order of hospital arrival times. Patients were entered
without regard to gender or ethnicity. The general population of trauma victims (during the study
period) include approximately 15% females, and is approximately 80% Hispanic and 10%
Affican-American. Complete information regarding severity of injury and arrival to the hospital
was immediately gathered for each seriously injured patient. Non-EMS patients were enrolled
and the next EMS-patient to arrive who met the matching criteria described below was enrolled in
the study as well. Every tenth seriously injured EMS patient (not counting those who were used
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as matches) was enroiled in a control group. Matching was accompiished with no knowledge of
outcomes.

Matching Parameters

Patients transported by non-EMS means were matched with their EMS-transported
counterparts according to the following parameters:

1. Age

Patients were matched with cohorts who were either within a 5-year umbrella or fell within the
same age-category, as listed below:

14-17 years |

18-29 years

30-44 years

45-55 years
For example, a 42-year-old could be matched with a 46-year-old.

2. Injury Severity Score (ISS) |

Patients were originally considered on the basis of clinician-estimated ISS on admission.
Ultimate matching was on the basis of final (discharge) ISS.

Patients were matched by ISS 13-24 versus ISS 25-75, so that patients with an Abbreviated
Injury Scale (AIS) of 5 in any body region were automatically classified in the higher group

(as 5% =25).

If a non-EMS-transported patient with an ISS < 13 was included by virtue of a blood pressure
< 90, then the patient was matched with an EMS-transported patient who was likewise

included for a blood pressure < 90 with an ISS < 13.

3. Head Abbreviated Injury Scale (AIS)

Patients with head AIS > 3 were likewise matched with similarly head-injured patients.

4. Mechanism of Injury

The categories for matching mechanism of injury were blunt injury versus penetrating injury.

Patients who did not have a theoretic choice of transport (age < 14, patients under arrest,
patients transported directly from prison) were excluded from consideration.

To improve enrollment (discussed below), non-EMS-transported patients with lower
injury severities were subsequently included (May - October, 1997). Therefore, patients were
entered in the study by three possible means: 1) all non-EMS-transported patients were entered,
and were matched with 2) an EMS-transported counterpart matched on the basis of age, Injury
Severity Score (ISS), head Abbreviated Injury Scale (AIS), mechanism of injury, and presence or
absence of hypotension on admission; 3) every tenth EMS-transported patient experiencing
sufficient severity of injury to have potential for morbidity or mortality (ISS > 12 or hypotension

on admission) was also included.



RESULTS:;

Three hundred fifty-nine patients were screened for enrollment. After cohort-matching of
non-EMS patients, and random sampling of EMS patients with ISS > 13, 105 patients were
ultimately enrolled in the study. Hospital arrival time was not documented for two patients,
leaving 103 for analysis. There were 38 non-EMS patients, 38 EMS matched patients, and a
separate group of 27 random EMS patients who met the inclusion criteria (Table I). The 3 groups
were similar in terms of gender, and ethnicity. The random EMS group was more likely to have
sustained blunt trauma, and to be older and more severely injured.

Time

From all available sources, a time element was available on 100 of 103 patients (96%); 37
non-EMS, 37 EMS-matched, 26 EMS random). There was strong agreement among the
estimates of the independent raters, which were generated with the benefit of the information
available from police and coroner reports and patients’ and witness interviews.

Among patients with ISS > 3, the non-EMS patients arrived at the hospital in
significantly less time then the EMS-matched group (Table II, 15 minutes vs. 28 minutes, p <
.05). Indeed, critically injured non-EMS patients had the shortest time interval among all

subgroups studied.

Qutcomes

No significant differences were observed between the seriously injured matched EMS and
non-EMS groups regarding mortality, length of stay, days in ICU, complications or infections.

A composite outcome variable was constructed by combining three key outcomes: length of
stay. days in ICU and mortality. The ordinal-level variable formed was defined as follows:

1 = short stay (< 4 days) no days in ICU, lived

2 = long stay (> 4 days) or some days in ICU, lived

3 = long stay and some days in ICU, lived

4 = died

In order to test whether more rapid transport among matched critically injured patients was
associated with better outcomes, three variables --ISS, minutes between injury and arrival, and miles
between injury and hospital--were entered into a regression analysis predicting this composite

outcome variable.
The adjusted R’ for this analysis was .640, ISS scores were strongly related to outcomes

(= 84, p < .001), and while time failed to reach statistical significance, there was a trend in the
predicted direction ( shorter time interval - better outcome), f= 12, p < .133).
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DISCUSSION:

That actual time interval between time of injury and the beginning of in-hospital acute care
is not generally known. This is because although detailed records are available from the time the
EMS is notified, information from victims or witnesses are generally not obtained regarding the
actual time of injury. Very little is known regarding any component of the time interval in the
non-EMS population. Although many trauma centers receive patients transported by non-EMS
means (4 to 15% of all patients among six urban trauma center surveyed and as high as 16% in a
hospital in Northern Ireland)® this circumstance had not been sufficiently analyzed. A
multidisciplinary research team, formed to focus on these issues, has developed procedures for
accessing previously neglected factors necessary for illuminating these gaps in knowledge.

Two major developments occurred that may well have affected patient enrollment and the
time interval being analyzed in this study. First, there has been a well documented decrease in
violent assault, and therefore penetrating trauma in Los Angeles County in the four years since the
previously mentioned findings were reported.’ At the same time, the non-EMS-transported were
more likely victims of penetrating trauma.

WVith non-EMS-transport becoming less common, we decided to enroll, interview and
analyze all non-EMS-transported patients meeting major trauma criteria, even with a final ISS <
13. This created two additional subsets to be considered in the data analysis phase of the project:
non-EMS patients with ISS < 13, and their EMS-matched counterparts with ISS < 13.

Another development that may have affected our study was our immediate response to the
observation of different outcomes by transport mode, made in our initial retrospective review. As
a major trauma center that has some involvement in the oversight of the prehospital phase of
acute care following injury, we felt compelled to intervene where possible to decrease the
paramedic scene times for critically injured patients. This intervention took the form of a focused
quality improvement program which included extensive written reviews of all scene times > 20
minutes. The liaison overseeing this review was the Medical Director of the LA City Fire
Department (the EMS entity that transports the largest proportion of trauma patients to
LAC+USC). This quality improvement program has resulted in a progressive decrease in the
proportion of patients with penetrating trauma experiencing prolonged scene times (Table III). In
summary, the decrease in the number of penetrating trauma admissions, combined with the
implementation of a quality improvement program to decrease scene times (and hopefully
preventable deaths) have the effect of requiring a longer study period to enter the number of
patients necessary to identify outcome differences, if they exist. The time differences identified in
Table II, may well have been even more dramatic, but for the concurrent intervention designed to
reduce EMS scene times.

A look at the actual magnitude of the times in Table II yields gives the impression that
critically injured non-EMS patients appreciated the urgency of their situation. Their time interval
dropped significantly as their ISS rose above 13 (15 vs. 39 min,, p<.05) Among the protocol-
driven EMS group, however, there was relative consistency in terms of how quickly they arrived
at the hospital regardless of the severity of their injury (mean time 28 minutes for ISS > 12 and 33
minutes for EMS-matched with ISS < 12). Given the effort involved in determining the actual
time of injury for each individual patient, it will require more time and a larger sample size to
assess in a multivariate fashion, the effect of time on outcome parameters.
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CONCLUSIONS:

Future study will be directed at more severely injured patients where time and distance
differences were confirmed and a trend toward outcome differences identified. A longer study
period is clearly required to enroll sufficient number of patients with the more severely injured
inclusion criteria.

Given that the non-EMS patients represent the purest form of “scoop and run” we believe
the combined findings of the two reports from LAC+USC have important policy implications in
the prehospital arena, particulary regarding penetrating trauma patients. Not one of the over
3000 patients with penetrating injuries in these studies were even theoretically benefitted by
formal thoraco-lumbar immobilization (i.e. a patient with an unstable vertebral column injury and
a less than complete neurologic deficit). .

Several published reports raise doubts regarding investing time pursuing [.V. fluid
resuscitation ¥ Accordingly, we believe that in an urban trauma setting, the prehospital care of a
penetrating trauma victim who is spontaneously breathing and moving his feet should place the
highest priority on rapid transport (as opposed to I.V. resuscitation, intubation, or spinal

immobilization).
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Tablel

Comparison of 3 groups by demographic and injury parameters.

allpon-EMS ~ allEMS marched ~ EMS random(ISS > 12)

n 38 38 27
mean age (yrs) 22 24 29*
male (%) 97 90 85
Hispanic (%) 76 76 80
pen. injury (%) 89 89 67*
mean ISS 13 11 21*
Head AIS 2 3 (%) 11 11 19
(p<.05)
15




Table I

Consensus time estimates (injury-to-hospital) among investigators

N Mean ISS Mean time (min.)

Non-EMS (all) 37 13 26
EMS-matched (all) 37 11 30

Non-EMS (< 13) 18 3 . 39+
EMS-matched (ISS < 13) 19 2 33

Non-EMS (ISS > 13) 19 19 15*+
EMS-matched (ISS > 13) 18 23 28*

EMS random (ISS 2> 13) 26 21 37

* p < 05 when non-EMS ISS 2 13 is compared to EMS-matched ISS > 13
+ p < 05 when non-EMS ISS 2 13 is compared to non-EMS ISS < 13
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Table 11

Prolonged scene times among penetrating trauma patients transported to LAC+USC.

1993 1994 1995 1996
# penetrating trauma pts. 1361 1314 1396 1005
# of fallouts* 207 (15.2%) 250 (19.0%) 85 (6.1%) 37 (3.7%)

* a fallout is a case with a paramedic scene time of > 20 minutes.
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