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Conventional treatment of the shocked trauma patient involves intfavenous fluid administration to
bring the blood pressure back to “normal”. This management principle is outlined in the Advanced
Trauma Life Support (ATLS) itistructor manual1. The practice of normotensive resuscitation is based
on animal studies where hypovolemia was produced by controlled exsanguination techniques to a
predetermined end point of volume or blood pressure2,3. Aggressive volume resttscitation was
necessary for survival of these animals2,3. The rational for normotensive resuscitation has been to
maintain tissue perfusion and vital organ function while diagnostic and therapeutic procedures are
being perfot-med.
Until recently the dominant controversies in fluid fesuscitation have focused on the appropriateness of
either crystalloids or colloids. ‘l’raditionally for every I ml of estimated blood loss, 3 ml of crystalloid
has been recommended if complete fluid resuscitation is to be achieved. Recently, hypertonic saline
and dextran have been used to expand intra vascular volume and reduce the total vol time of fluid
needed for resuscitation4. Enthusiasm about this modality of fluid resuscitation has been tempered by
concern over potential adverse metabolic, haematologic and allergic effects.
The universal principle of early normotensive resuscitation has been unsuccessfully challenged in the
past on the bases of animal studies and experience of treatment of wounded soldiers in World War I and
II. Cannon in a study of wounded soldiers in 1918 observed and concluded “haemorrhage in the case of
shock may not have occurred to a marked degree because blood pressure has been too low and flow too
scant to overcome the obstacle offered by a clot. If the pressure is raised before the Surgeon is ready to
check any bleeding that may take place. blood that is sol-el needed may be lostus. The same principle
of surgical haeniostasis before fluid resuscitation was pt-actised by US army in World war II6
Subsequently this concept of hypotensive resuscitation was supported by a variety of animal studies
where it has been demonstrated that in vascular injury, intravenous fluid administration, by elevating
the systemic pressure, hydi-ostatically disrupts the thrombus leading to increased haemorl’hage and
decreasing survival7,8, In addition. intravenous infusions of crystalloid in ay promote haemorrhage by
di but ing coag u lat ion factors and by lowering the blood viscosity, hence decreasing the resistance to
flow around an incomplete thfombus9. The concept of surgical correction of haemorrhage before fluid
resuscitation is further supported by the fact that fluid resuscitation is often delayed in patents with
ruptured abdominal aortic aneurysm until surgical exploration is performed10.
Despite this evidence. normotensive resuscitation has retained its pre-eminence until recently’ when
Bickell et a! tested the hypothesis that fluid resuscitation may be detrimental when given be fore haem
orrh age controI in trauma patients9,11,12 In his study on swine in which a 5 mm aortotomy had been
performed to simulate uncontrolled bleeding, the animals who were not resuscitated with fluid all
survived. At autopsy, each animal was found to have a large firm extra luminal firm thrombus
tamponading the aortotomy. Animals that were resuscitated with a hypertonic solution of saline and
dextran had a substantial rate of mortality1. The greatest challenge to conventional fluid therapy was
provided by Bickell’s 1994 prospective controlled randomised study on 598 adult trauma patients with
systolic blood pressure <90 mmllg12. In this study patients with penetrating injuries to the torso who
were treated at an Urban Level I Trauma Centre (Ben Taub General Hospital in Houston), were divided
into two groups. Group I received immediate fluid resuscitation and group II were allocated to delayed
resuscitation until they reached the operating theatre. Among the delayed resuscitation group of 289

patients, 203 (70%) survived as compared with 193 of the 309 patients (62%) who received immediate
resuscitation (p 0.04). When the analysis was limited to patients with Injury Severity Scores of 25 or
higher, the findings were even more striking3; the survival rates were 48% in the immediate—
resuscitation group and 61% in the delayed- resuscitation group (P<0.01). ‘l’here was a trend toward
increased intra operative blood loss (pM.l I) and a higher rate of post-operative complications (p=0.08)
in the immediate resuscitation group. Moreover the duration of hospitalisation was also shorter in the
delayed resuscitation group. This study suggested that for hypotensi ye pat ients with penetrating torso
inj uries in an organised urban environment, delay of aggressive flu id resuscitation until operative
intervention improves the outcome. In recent animal experiments on rats with standardised liver injury,
it was demonstrated that large volume isotonic crystalloid resuscitation increased bleeding and
transiently expanded intra vascular volume when compared with no resuscitation or small volume
isotonic resuscitation. Mortality in animals resuscitated with conventional large volume isotonic
crystalloid was not increased compared with the mortality of animals give no resuscitation fluid.
Hypertonic saline resuscitation in the same setting produced a sustained increase in blood pressure,
maintained intra vascular volume in spite of increased intra peritotieal bleeding. Survival times and
mortality rates were significantly lower in hypertonic saline animals (10%) than in no resuscitation
animals (SO%) or small volume resuscitation (47%) animals14.
Life results of Bickell’s studies should be thought provoking but have some deficiencies. The situation
is yet not clear at the extremes of age, with long transit times and patients with pre-existing illnesses.
Moreover the study covered only penetrating injuries to the torso, so the lindings may not be applicable
to blunt trauma or injuries at other sites. Further prospective trials are needed to look into the effects of
delayed or immediate fluid resuscitation in relation to specific organs injured, the number of organs
injured, severity of injury, different age groups and to find out the outcomes of different intervals
between injury and the start of fluid resuscitation.
The concept of hvpotensive resuscitation is particularly relevant to the pre—hospital treatment of
penetrating trau ma or uncontrolled Ii aemorrhage. A study by O’Gorman and colleagues from the
University of California in 1989 analysed the time taken for establishment ofan intravenous cannula
versus the time taken for transport to hospital5. They concluded that seriously injured hypovolemic
patients should not have resuscitative effects at the scene but should be subjected to immediate
evacuation. En route intravenous access in a moving ambulance has been shown to be as successful as
when attempted at the scene and under these circumstances there is less delay in arriving at the
hospital16. A delay in patient transport to major trauma centres may result in an increased morbidity
and mortality17. In severely injured patients. it is estimated that for every 10 minutes of delay in the
definitive treatment, survival is reduced by I In a recent study’. Demetriades and col leagues showed
that patients with severe trauma transported by private means have better survival than those
transported via the Emergency Medical Services (EMS) system19. They suggested two plausible
explanations. The first one is the time facto,, assuming that victims transported by private means may
have a much shorter prehospital time than those transported by EMS ambulances. The second plausible
explanation for lower survival in EMS group is therapeutic interventions performed during the pre—
hospital time. Thus on the basis of Bickell et al and Demetriades studies, patients with penetrating
trauma to the torso wou Id rIo better with shorter pre—hospital timings and minimal interventions
including hypotensive resuscitation.
The concept of hvpotensive resuscitation may have a role in urban situations where time to definitive
care is comparable to that in North American urban trauma services. In rural areas or in situations
where prolonged transit time is expected, then resuscitation with colloids and blood should be
considered to maintain the perfusion to vital organs.
In conclusion the challenge and present state of debate of hypotensive resuscitation does not relate to
for the value of fluid resuscitation but rather to the volume, timing and extent of the resuscitation for

patients with penetrating injuries to the torso. Further human studies are needed to determine the safe
level of blood pressure maintenance. Hence the question arises, what advice should be given to
emergency personnel and paramedics?
In general, for patients with blunt or penetrating torso trauma, immediate tluid resuscitation at this time
remains appropriate in situations where there is long transit time to definitive care or if the surgical
skills are not available promptly. In an urban situation where patients can receive surgical care
expeditiously. a serious consideration should be given to hypotensive resuscitation.
One of the most important messages from all recent articles is that early surgery remains the key to
improved outcomes in treating bleeding trauma patients.
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