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Prehospital trauma care: what d
o we really know?
Moishe Libermana and Bahman S. Roudsarib
Purpose of review

The prehospital care of injured patients has been

surrounded with much controversy over the years. This

controversy exists regarding the specific interventions used

on-scene and en-route to definitive care centers, regarding

the overall approach to the care of these patients (advanced

life support versus basic life support) and with regards to

who should be providing this care. This section of the

journal aims to review the most current literature concerning

these topics as well as highlight some important and

relevant literature preceding it.

Recent findings

Studies examining overall prehospital care in terms of

morbidity, mortality and cost have been published over the

last year and important points from these studies are

highlighted in the text. Unfortunately, there have not been

any recent, appropriately powered, prospective studies that

help in clarifying this controversy. An international study of

prehospital care has recently been completed and is

summarized. Recent studies looking at specific aspects of

prehospital care (endotracheal intubation, intravenous

access and therapy, rural trauma) are also outlined in the

text.

Summary

There is no convincing evidence that prehospital advanced

life support in the urban setting provides any benefit to

injured patients in terms of either morbidity or mortality.
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Introduction
Prehospital transport and care of injured patients is

paramount to an effective and efficient system of trauma

care. Transport occurs by ground ambulance [1–7], by air

[8–10], by bystanders [11,12] and even by taxi [12]. Yet

prehospital care of injured patients has been surrounded

by much controversy [13,14]. This controversy involves

the appropriate care of the trauma patient on-scene and

en-route to the treatment facility and the evidence

regarding the superiority of either system has often been

insufficient and contradictory [15–18,19�,20�].

The unresolved controversy and division of opinion

regarding the on-site management of trauma patients is

reflected in the regional variation of prehospital patient

management protocols. The type of prehospital care

available to trauma patients is determined by regional

policies that are dictated by local political, cultural and

economic factors as well as the influential opinion of local

and international experts. The evidence for direct trans-

port of injured patients to advanced level, ‘definitive-

care’ centers, bypassing closer hospitals, has been well

studied, established and accepted [21–26]. This has

recently been re-evaluated and again affirmed in a cohort

of patients with severe traumatic brain injury in New

York [27].

Lerner et al. [28�] recently undertook an economic

evaluation of prehospital emergency care through

meta-analysis and were unable to firmly associate cost-

effectiveness for most aspects of prehospital care. In a

recent small before-and-after study from Finland, Iirola

et al. [29�] compared outcomes of similar injury severity

blunt trauma patients treated in the prehospital setting

by physician-staffed helicopters (n¼ 81) with expanded

basic life support (BLS) treated patients (n¼ 77) from the

era prior to helicopter advanced life support (ALS) intro-

duction. ALS treated patients received more interven-

tions and were more often transported directly to a

university hospital. There was a trend to lower survival

in the helicopter-ALS group (31% ALS versus 18% BLS).

At 3 years following injury, there was no difference in

quality of life or income between the two groups.

Karanicolas et al. [30] recently performed an interesting

analysis comparing land with helicopter transport of blunt

trauma patients between hospitals in London, Ontario,

Canada. They showed that the time associated with trans-

fer was dependant on factors other than distance and that

the time between decision to transfer and arrival at the
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trauma center for patients transferred by land was faster

than for those transferred by air (120 versus 150 min).

In a recent study out of Temple University in Philadel-

phia, Seamon et al. [31��] looked at mortality outcomes for

trauma patients who underwent emergency department

thoracotomy following arrival at hospital. They divided

patients into two groups based on their mode of trans-

portation to the hospital. Eighty-eight patients were

transported to hospital by paramedics (emergency

medical services; EMS) and 92 were transported by

bystanders or police (non-EMS). Eight percent of

EMS-transported patients survived to hospital discharge

compared with 17.4% of non-EMS transported patients.

Eighty-nine percent of patients in the EMS group under-

went prehospital procedures and the performance of

prehospital procedures was the only risk factor associated

with increased mortality on multivariate analysis. Each

prehospital procedure performed was associated with an

increased chance of dying by 2.63. Patients undergoing

emergency department thoracotomy are obviously

severely injured and the Injury Severity Scores (ISSs)

for the two groups were high. Interestingly, the EMS-

transported patients had significantly lower ISS (EMS,

35; non-EMS, 44) and a higher percentage of patients

exhibited signs of life in the field (EMS, 83%; non-EMS,

69%) compared with the non-EMS transported patients.

Prehospital time
One of the key principles in trauma patient management is

that of the ‘golden hour’ or ‘golden period.’ This period is

defined as the immediate time after injury when resuscita-

tion and stabilization will be most beneficial to the patient

[32]. As time passes following most critical trauma, tissue

hypoxia increases and the chance of survival or chance of

good postsurvival prognosis decreases [11,33,34]. In all

trauma patients it is critical to balance the need for pre-

hospital care and the need for prompt transport of the

patient to hospital for definitive care. A prehospital time

period of greater than 60 min (the so-called golden hour

[35]) has been associated with a significant increase in the

risk of death for severely injured patients [4]. It should be

noted, however, that this 1-h cut-off has not been scien-

tifically replicated and its usefulness for EMS planning has

been called into question [36].

Baez et al. [37�] recently reported on prehospital times

and outcome in a large database cohort of severely injured

trauma patients. They found that in patients with ISS

over 15, longer prehospital time was associated with

increased length of stay and complications, but was not

associated with increased mortality.

Intravenous initiation and fluid therapy
In addition to increasing prehospital delays, the argument

against ’stay and stabilize’ is strengthened because none of
opyright © Lippincott Williams & Wilkins. Unautho
the specific ALS interventions has been proven to be bene-

ficial for the prehospital management of severely injured

patients. The rationale for using on-site intravenous line

placement and fluid infusion is that it will control hemo-

dynamic deterioration. The amount of fluid infused, how-

ever, cannot compensate for the blood lost in a severely

bleeding patient; for such cases the definitive treatment

is surgery [38–40]. The time required to start an intraven-

ous on the scene is a matter of debate with certain authors

reporting minimal times between 2 and 4 min [3,41–45]

whileothersshowtimesof12 minormore[46,47].Thereare

no prospective controlled studies evaluating the impact of

intravenous placement on patient outcome.

The intravenous cannulation success rates have been

shown to be over 90% in the prehospital setting, unfortu-

nately the average volumes of fluids being given in the

prehospital setting are very low (mean intravenous fluid

infused 959.6� 309.1 ml in 14 studies providing prehos-

pital intravenous fluid volume data) [16]. We must ask

ourselves whether the increased time required to insert

intravenous cannulae in hypotensive trauma patients in

the field is actually beneficial, seeing that patients are

receiving on average less than 1 l of fluid prior to hospital

arrival. Minville et al. [48] recently reported a 4.4 min on-

scene time for successful intravenous placement in a

cohort of 388 patients in France. The intravenous can-

nulation success rate was 76% on the first attempt and

98% on the second attempt (overall success rate, 99.7%;

attempt range, 1–8).

The infusion of crystalloid or hypertonic saline into a

patient with ongoing hemorrhage has been shown to be

detrimental to patients in both animal [49–55] and

human models [56,57]. This is probably secondary to

dilution of clotting factors and platelets, dropping of the

hematocrit and decreasing patient temperature. It also

increases the blood pressure of a patient with ongoing

hemorrhage, leading to further bleeding and decreasing

the chance of clot formation at the site of blood loss.

Filling a patient’s circulatory system with nonoxygen

carrying fluids, which have decreased clotting ability prior

to fixing the hole in the system is counterintuitive and is

the probable cause for the inferior outcomes seen in the

aforementioned studies of penetrating injuries.

The Cochrane Review group examined all randomized

trials of the timing and volume of intravenous fluid

administration in bleeding trauma patients. They did

not find any evidence supporting or refuting early or

large volume fluid administration in patients with uncon-

trolled hemorrhage [58].

Endotracheal intubation
We are reminded that even in our highly advanced and

technical society, that the most precious commodity in
rized reproduction of this article is prohibited.
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the treatment of the trauma patient is time. In the past,

there have been a number of papers demonstrating a

negative effect, or lack of effect, of prehospital endo-

tracheal intubation (ETI) on survival and neurological

outcome [59–61]. Prehospital ETI has never been shown

to improve neurologic outcome. Eckstein et al. [62]

reported on outcomes of patients receiving prehospital

ALS compared with those who did not. Patients who did

not undergo prehospital intubation had a greater than five

times increased odds of survival compared with those

that underwent the procedure. On-scene time was not

prolonged by performing ALS techniques, which

suggests a deleterious effect of the intervention not

related to time. A prospective clinical trial performed

in the pediatric population also demonstrated a lack of

benefit for prehospital intubation in terms of survival and

neurological outcome [63]. The controversy regarding

prehospital ETI is well delineated in a recent review

by Wang and Yealy [64��].

Similar to intravenous placement, the effectiveness of on-

site intubation in improving outcome of severely injured

patients has not been adequately evaluated. The ration-

ale for on-scene intubation is that this intervention will

maintain airway patency and oxygenation [65]. As with

intravenous placement, the argument against intubation

is that it causes significant delays to definitive in-hospital

care. Contrary to intravenous placement, however, there

is some agreement that in certain severely injured and

unconscious patients intubation should be initiated at the

scene or en-route [65–67]. This has not, however, been

based on evidence and is mostly expert opinion. Hoyer

et al. [68] recently reported an increase in prehospital

scene time by 7.5 min in patients receiving on-site ETI

by anaesthesiologists in Denmark. Fakhry et al. [69]

reported a similar increase in scene time with on-scene

rapid sequence intubation (RSI) of 6 min in head trauma

patients. The success rate for on-scene RSI was 96.6% in

this study. Helm et al. [70] reported on the safety of

prehospital ETI in Germany. He demonstrated a 100%

success rate after three attempts (87.4% first attempt;

11.1% second attempt; 1.5% third attempt).

Warner et al. [71] looked at the impact of prehospital

ventilation on outcome. Patients in this study were pro-

spectively enrolled and consisted of all patients endotra-

cheally intubated in the field and directly transported to a

level I trauma center (n¼ 423). PCO2 on arrival was used as

a surrogate for prehospital ventilation status (PCO2<30

hyperventilation; PCO2¼ 30–35 target ventilation; PCO2

36–45, mild hypercapnea). Patients with severe hypercap-

nea (PCO2>45) were excluded. Results demonstrated that

patients in the target ventilation range had the lowest risk

of death (OR¼ 0.54, 95% CI, 0.32–0.90) compared with

the other groups. Patients with severe head injury (head

Abbreviated Injury Scale >3) in the target range had an
opyright © Lippincott Williams & Wilkins. Unauth
odds ratio of 0.51 (95% CI 0.25–1.0), and for isolated

traumatic brain injury the odds ratio for patients in the

target range was 0.31 (95% CI 0.10–0.96). This was an

important study looking at targeted ventilation in the

prehospital setting. It, however, does not allow differen-

tiation between over or under-ventilation in the prehos-

pital phase and severity of injury causing hypercapnea. It

also lacks comparison to a noninvasive ventilation strategy

(bag–valve–mask ventilation), which may permit similar

admission PCO2 measurements without the attendant

risks of ETI (airway trauma, esophageal intubation, loss

of airway following paralysis, hypoxia during failed intu-

bation attempts, increased on-scene time).

Tracy et al. [72] looked at outcome following emergency

intubation, comparing prehospital intubation (n¼ 271)

with trauma center intubation (n¼ 357). They were

unable to demonstrate any difference in incidence, onset

or bacteriology of pneumonia between groups.

Airway management is a key, but somewhat unaddressed

issue in prehospital trauma care literature. There has

been little evidence examining various intubation tech-

niques in the prehospital setting. Some issues which

remain unresolved include the technique used for intu-

bation, the size of tubes being used in children and

adolescents, the rates of recognized and unrecognized

esophageal and left mainstem intubations in the field.

The most important question, however, remains whether

this intervention is actually beneficial and worth the

added on-scene time for injured patients.

Urban versus rural systems
Are we able to group urban and rural systems into one

category when discussing prehospital ALS for trauma?

Could prolonged transport times be associated with

increased benefit with advanced on-scene interventions?

Messick and Meyer [73] showed that mean trauma death

rates in rural BLS counties was 8.2� 2.2 versus 6.1� 1.3

in rural ALS counties (P¼ 0.0001). This may simply be

driven by the innate situation within which rural pre-

hospital providers find themselves: difficulties in finding

call addresses, longer distances, and fewer, if any

trauma centers.

Carr et al. [74�] recently published a meta-analysis of EMS

transport times for trauma which showed that scene times

in rural areas were about 12% longer than those in urban

areas and that the overall prehospital period was almost

one-third longer in rural than in urban areas. Total pre-

hospital times for urban, suburban and rural areas were 31,

31 and 43 min respectively. On-scene times were similar

between groups: 14, 14 and 15 min respectively.

ALS may be beneficial to patients with prolonged

prehospital transport times. A patient with prolonged
orized reproduction of this article is prohibited.



C

694 Trauma
hypotension may suffer end organ damage secondary to

prolonged inadequate perfusion and suffer long-term

effects from organ injury. Unfortunately, to date, we

do not have evidence supporting the implementation

of ALS in rural areas. Furthermore, since the incidence

of trauma is low in rural compared with urban areas and

due to the fact that ALS is extremely expensive com-

pared with BLS [75], even if ALS is shown to benefit rural

trauma patients, it may not be cost effective.

International prehospital trauma care
One of the main limitations in prehospital trauma care

research is the difficulty in the conduction of randomized

clinical trials due to logistic or ethical issues. Researchers

have therefore traditionally relied on observational

studies. Another important issue in prehospital trauma

care research is that EMS systems adopt different policies

reflecting their specific demographics, capabilities and

population served. The system adopted is applied to all

patients receiving care within the specific system. For

example, if an EMS system adopts an ALS policy, emer-

gency medical technicians (EMTs) provide ALS to all

trauma patients whose medical condition is deemed

appropriate for advanced level care. Thus, in order to

evaluate the effectiveness of ALS on trauma fatality rate,

we must compare patient outcomes in an ALS EMS

system with patient outcomes in a BLS system. Under

this circumstance, we are actually comparing outcomes of

the clusters of patients nested within EMS systems.

Therefore, data from several EMS systems with ALS

capabilities and several systems with BLS capabilities

are required in order to evaluate the association between

an ALS or BLS policy and trauma fatality rate. We have

recently demonstrated how clustering the patients

within EMS systems can influence study design and

data analysis [76]. Specifically, it has been demonstrated

that there exists a false significant association between

exposure and outcome secondary to overlooking cluster-

ing in design of studies.

The authors recently conducted an international study

which compared the three major types of EMS systems:

BLS, ALS with EMTs as care providers and ALS with

physicians as care providers (Doc-ALS) [77�,78�]. Data

from local or national trauma registries of Australia (ALS),

Austria (Doc-ALS), Canada (two regions, BLS and

Doc-ALS), Greece (Doc-ALS), Germany (Doc-ALS),

Iran (BLS), Mexico (BLS), New Zealand (ALS), the

Netherlands (ALS), the United Kingdom (two regions,

ALS and Doc-ALS) and the United States (ALS) were

used in this study [77�]. The most striking finding was the

substantial heterogeneity in the performance of EMS

systems with the same prehospital trauma care policy.

For example, the use of intravenous fluid therapy among

ALS EMS systems varied from 30% (in the Netherlands)

to 55% (in the US). The corresponding percentages in
opyright © Lippincott Williams & Wilkins. Unautho
Doc-ALS EMS systems, excluding Montreal in Canada,

ranged from 63% (in London, UK) to 75% in Germany

and Austria. Austria and Germany also reported the high-

est percentage of prehospital intubation (61% and 56%,

respectively).

Using generalized linear latent and mixed models that

took into consideration the clustering of the subjects

within EMS systems, it was demonstrated that the emer-

gency department shock rate did not vary significantly

between Doc-ALS and ALS systems (OR 1.16; 95% CI

0.73–1.91). The early trauma fatality rate was signifi-

cantly lower in Doc-ALS EMS systems compared with

ALS EMS systems (OR 0.70; 95% CI 0.54–0.91) [78�].

Conclusion
There is no convincing evidence that prehospital ALS in

the urban setting provides any benefit to injured patients

in terms of either morbidity or mortality. A recent

Cochrane Review concluded that ‘in the absence of

evidence of the effectiveness of advanced life support,

strong argument could be made that it should not be

promoted outside the context of a properly concealed and

otherwise rigorously conducted randomized controlled

trial’ [79]. To date, there has never been a prospective,

randomized trial comparing ALS with BLS for victims of

trauma in the prehospital setting. This is long overdue.
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