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THE CLINICAL AND LABORATORY EFFECTS 
OF INTRAVENOUS FLUIDS ON HAEMOSTASIS

ABSTRACT

The intravenous administration of fluids in shock is life saving. However, there is 
increasing controversy as to the rationale for the normalisation of blood pressure in 
the treatment of shock with either colloids or crystalloids.

Increasing the blood pressure by either the administration o f colloids or crystalloids 
may also impair the formation of new blood clots and also dislodge existing ones 
and thus contribute to ongoing haemorrhage. The main aim of this thesis was to 
investigate the intrinsic and volumetric effect that these different intravenous 
resuscitation fluids have on the haemostatic process and bleeding.

A variety o f studies including in vitro mechanistic investigations, electron 
microscopy, randomised trials, randomised and double blinded trials were carried 
out. These were supported by epidemiological and systematic literature reviews to 
clarify the controversy.
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INTRODUCTION:

The work and publications, which I am submitting for my MD, was carried out 

between 1993 and 2002. At all stages I was the main instigator o f planning and 

research. However, a number o f people helped me with different aspects o f the 

research.

The work began initially when I was a Research Fellow in the Trauma Centre at 

Johannesburg Hospital. I subsequently continued with this on-going research at 

both the Leicester University Hospitals NHS Trust and the Department of 

Haemostasis and Thrombosis at the Queen’s Medical Centre, Nottingham.

When I started the research, there was a limited body of knowledge on how 

intravenous fluids affect haemostasis in trauma. Following my initial and 

subsequent publications, there have been further developments and a growth in the 

knowledge and interest in this field. As a consequence I have modified my research 

by utilising this new knowledge and technology as it has become available. The 

findings in my publications should therefore be considered in the context o f the state 

of knowledge at the time the work was carried out.

The work submitted investigated both the laboratory and clinical effects that 

intravenous fluids, Haemaccel, Gelofusine, albumin and normal saline have on the 

haemostatic process. My research has specifically focused on the gelatin colloids, 

particularly Haemaccel, with its high calcium content (6.25 mmol/L) comparing its 

effects with the similar non-calcium containing gelatin, Gelofusine, and the 

physiological colloid albumin and isotonic normal saline.

My in vitro work was developed to elucidate the mechanisms by which these fluids 

affect the various parts of the haemostatic process during trauma, and as a prelude to 

a randomised clinical trial.
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As knowledge developed and clinical practice evolved, I undertook a number o f 

epidemiological studies to ensure that my laboratory and clinical research remained 

focused and up to date. This ensured that the scope of the research was relevant to 

my on-going investigations and current practice.

My initial hypothesis was that a large volume of fluid replacement and the type of 

colloid administered may have a detrimental effect on clinical outcome, and thus 

hypotensive resuscitation could be a more favourable alternative. Epidemiological 

surveys, meta-analysis and systematic review of literature were carried out to test 

this hypothesis, and where possible the findings were applied to my laboratory and 

clinical studies.

BACKGROUND OF THE RESEARCH:

Intravenous fluid administration to correct haemorrhage and hypovolaemia has been 

a long established way o f maintaining the blood pressure, improving tissue 

perfusion and treating shock.1 In the early part of the century, Ringer (1834-1910), 

and later Hartmann (1898-1964) were the first to develop isotonic crystalloid 

solution. This initial work was the beginning of the development of fluid 

replacement regimes for the future.2'3,4’5,6,7

Following the establishment o f isotonic crystalloid solution, further progress in this 

field led to the development o f iso-oncotic colloids such as the synthetic Dextrans 

and physiological human albumin.8,9 Subsequently, there were further

improvements and modifications of these fluids leading to the development o f the 

new synthetic iso-oncotic colloids such as the new generation starches and the 

gelatin solutions.1011,12,13,14,15 These new gelatin based iso-oncotic colloids 

(Gelofusine and Haemaccel) were thought to give the clinician a much improved 

fluid which would both rapidly expand intravascular volume and maintain blood 

pressure and tissue perfusion for a longer period of time.16,17
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Until the 1980’s there were no definite guidelines for either the volume or type of 

fluid to be administered in a shocked patient. Nevertheless the general consensus 

was that in a shocked patient, a volume of fluid should be given in such a way as to 

normalise the blood pressure and pulse rate rapidly, and fluid administration should 

be ongoing so as to maintain the blood pressure until there was general evidence of 

adequate tissue perfusion.18

Review of the literature prior to the 1980’s showed that the main focus o f research 

was on the beneficial effects that colloids or crystalloids had over each other in 

improving the physiological parameters in haemorrhagic shock. 19,20,21 Despite the 

fact that these treatment regimes favoured larger volumes of fluid replacement in 

shock, there was a paucity of evidence to support that these larger volumes o f fluids 

administered had a deleterious effect on either the haemodynamic or the intrinsic 

haemostatic processes. The limited available evidence was related to large volume 

dilutional coagulopathies, with little evidence at the time o f the possibility that these 

fluids in themselves could have more marked detrimental intrinsic properties, which 

could independently affect clot quality.22,23 The studies there were in haemostatic 

impairment were limited in both extent and nature.

In the late 1980’s the whole field o f large volume replacement was brought into 

question when the American College of Surgeons brought out their advanced 

trauma life support (ATLS) guidelines on fluid replacement.24,25 These guidelines 

stated that in shocked patients the maximum amount of fluid given initially should 

be two litres of crystalloid to be followed by immediate surgical intervention should 

there be evidence of on-going haemorrhage.

This was the first time that there was a change in the focus and it was realised that 

giving a fixed and limited amount of fluid in a bolus form was imperative in 

preventing the adverse effects of large volume replacement. On the other hand, 

there had been a steady growth of knowledge over time, showing that both the type 

and volume of fluid given could also have a detrimental intrinsic effect in itself by 

impairing haemostasis and clot quality, and thus, prolong on-going haemorrhage.26,
27, 28, 29, 30
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During the mid 1990’s clinicians began to observe, both experimentally and 

clinically, that various intravenous fluids had a detrimental effect by prolonging 

haemorrhage, which resulted in a poor clinical outcome. 31,32 It was for this reason 

that the Americans recommended use o f crystalloids followed by blood as 

crystalloid solutions were thought to have a lower intrinsic effect. In contrast 

European countries continued to use both crystalloids and colloids. This has led to 

the universal crystalloid/colloid debate in terms of fluid management and their 

safety.33,34

UK Accident and Emergency Departments use four different types o f intravenous 

fluid, namely, isotonic crystalloids, the calcium containing iso-oncotic gelatin 

Haemaccel, the similarly non-calcium containing iso-oncotic fluid Gelofusine and 

the physiologically and naturally occurring solution albumin in the care of the 

critically injured. Hence the research emphasis throughout this thesis was based 

mainly on Haemaccel, Gelofusine, albumin and normal saline.
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BRIEF SYNOPSIS OF THE PAPERS:

1. EVALUATION OF THE EFFECT OF COLLOID (HAEMACCEL) 
ON THE BLEEDING TIME IN THE TRAUMA PATIENT.

(Journal Royal Society of Medicine 1996; 89: 101P-104P)

INTRODUCTION:

In 1992 there were anecdotal reports that traumatised patients who had been 

resuscitated with the calcium containing colloid Haemaccel for shock showed a 

greater tendency for increased bleeding in the peri- and post-operative period 

compared to those who had been resuscitated with crystalloid.

However, a full review o f the literature at the time showed that there was very little 

evidence to confirm that Haemaccel had a detrimental effect on the haemostatic 

mechanism or bleeding time.

The evidence in the literature was limited and inconclusive and was based on a 

combination of in vitro work and animal studies. Review of the limited clinical 

studies at that time showed that the research had focused mainly on the beneficial 

effects that gelatins played in improving physiological parameters when compared 

to crystalloids. Similar to the animal studies, the information obtained was limited 

and inconclusive.

Following these concerns, I undertook a research post at the Johannesburg Trauma 

Centre (Category I Trauma Unit) and the pre-hospital care service. I aimed to 

investigate the effects o f Haemaccel on haemostasis. The study compared the 

effects on haemostasis o f Haemaccel (colloid) with crystalloid in a randomised 

study. Johannesburg Hospital was the site chosen for the study as it had a large 

number of patients with both blunt and penetrating trauma. In addition, both the 

Trauma Unit and the pre-hospital care service followed the same ATLS guidelines 

in the management of trauma patients.
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SUMMARY;

This study showed that the bleeding time was increased by almost 100% in patients 

who received Haemaccel compared with the crystalloid group. There was also a 

slight increase in blood loss in the Haemaccel group, which was consistent but not 

statistically significant. As there was very little change in the clotting parameters, it 

was hypothesised that this increased bleeding could be due to the effect o f the 

gelatin on platelet function. This suggestion was supported by the limited platelet 

aggregation studies available, which showed that there was inhibition o f platelet 

aggregation to certain agonists with Haemaccel. The study also showed that the 

blood level of ionised calcium rose to significantly high levels. A further hypothesis 

was made that it was possible that the ionised calcium in Haemaccel in itself may 

contribute to this platelet dysfunction and increased bleeding. This work was 

subsequently published, and presented at the Royal Society o f Medicine where it 

won the Royal Society of Medicine Prize in 1995. These changes in ionised 

calcium, which were observed with the administration o f Haemaccel, were 

investigated further and this led to the next stage of research.

2. CHANGES IN PLASMA IONISED CALCIUM WITHIN 24 HOURS 
OF TRAUMA IN PATIENTS INFUSED WITH THE CALCIUM  
CONTAINING COLLOID HAEMACCEL DURING FLUID 
RESUSCITATION.

(Journal o f Accident & Emergency Medicine 1997; 14: 73-75)

INTRODUCTION:

On returning to the UK, I set out to investigate the magnitude o f change in ionised 

calcium when different volumes o f Haemaccel were administered and to determine 

how long it would take the ionised calcium levels to return to their normal 

physiological levels.

Prior to this study, an extensive literature search was carried out, which showed that 

there had been no previous research to determine the level of calcium attained when 

Haemaccel was infused into the trauma patient.
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SUMMARY:

This study showed that when Haemaccel was infused to correct blood loss, ionised 

calcium rose significantly. Indeed, in some cases it rose to 2.2 mmol/L (normal 

range 1.1-1.3 mmol/L). This study also showed that not only was there a significant 

rise in the level of ionised calcium, which was proportional to the volume of 

Haemaccel infused, but that this rise was often sustained, before it returned to 

normal, for 12 to 24 hours. This contrasted with the crystalloid group in which 

there was a consistent fall in ionised calcium levels to an average of 0.7 mmol/L. 

This fall in ionised calcium levels in the crystalloid group is a well-recognised 

physiological response to trauma, and is an independent finding.

I aimed to investigate the contribution, if  any, of either gelatin or calcium on 

increased bleeding time and platelet function. In the next study, 1 carried out in vitro 

investigations to assess the independent inhibitory effects of calcium and/or gelatin 

on platelet dysfunction.

3. EFFECTS OF GELATIN-BASED RESUSCITATION FLUIDS ON 
PLATELET AGGREGATION.

(British Journal o f Anaesthesia 1998; 81: 198-202)

INTRODUCTION:

In this study the aim was to determine what effect calcium in Haemaccel had on 

platelet function and to compare the finding with those of the ciystalloid control, 

normal saline. We also studied the effects o f a non-calcium containing iso-oncotic 

gelatin (Gelofusine) on platelet aggregation.

A 40% dilution of intravenous fluid was used in whole blood (2:3 dilution), which 

was consistent with ATLS guidelines of giving 2 litres of intravenous fluid to 

correct fluid loss in trauma patients. As the previous surveys showed that the colloid 

albumin was mainly used for bums and in children, and only occasionally in 

haemorrhage, this fluid was not included in the trial at this stage.
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SUMMARY:

Haemaccel proved to be an important and marked inhibitor of agonists leading to 

marked platelet inhibition. Although Gelofusine inhibited certain agonists, the 

inhibition was not as marked as by Haemaccel. This was due, in part, to the gelatin 

content binding to ristocetin as had been observed for Haemaccel.

When calcium was added to both Gelofusine and normal saline to bring it up to the 

same ionic concentrations as Haemaccel, this also led to a marked increase in 

inhibition for all agonists. This led to a decrease in platelet aggregation which was 

greater than that which had been observed with Gelofusine or saline alone.

In summary this study showed that Haemaccel was by far the greater inhibitor of 

platelet aggregation when compared with Gelofusine or normal saline. Although the 

high calcium content in Haemaccel had a marked effect in inhibiting platelet 

aggregation, it was not the only factor which led to increased platelet dysfunction.

Following this study, it was decided to undertake a prospective double blind 

randomised study of the effects of four intravenous fluids on platelet function and 

haemostasis in elective hip surgery. This was to determine whether Haemaccel and 

its calcium content caused platelet dysfunction in vivo.

However, before proceeding to this study further in vitro investigations on the 

effects o f resuscitation fluids on platelet aggregation were carried out.

15



ACCIDENT AND EMERGENCY DEPARTMENTS INTERIM
EPIDEMIOLOGICAL QUESTIONNAIRES:

4. FLUID RESUSCITATION IN A & E DEPARTMENTS -  WHO USES 
WHAT AND WHY?

(Presented at the BAEM Meeting in Belfast April 1999)

INTRODUCTION:

As several years had elapsed since the initial research projects, I decided that before 

carrying out the next phase of laboratory investigation I would need to determine 

not only current fluid strategies but also what type of fluid was still being 

administered in Accident and Emergency Departments. All departments and their 

consultants throughout the UK were identified through the BAEM Handbook (a 

national registry of departments and consultants throughout the UK) and 

questionnaires were sent out to determine the type and volume o f fluids used in 

haemorrhagic shock. This study was essential to ensure that the research focused on 

the resuscitation fluids in current use.

SUMMARY:

The survey response was nearly 90% following two consecutive captures. The 

results confirmed that the main fluids used were crystalloids (74%), the two 

gelatins, Haemaccel (12%) and Gelofusine (8%), and albumin (6%).

Many of the respondents showed a variation in the type, volume and reason for 

choice of these fluids. However, following the initial questionnaire, a study by 

Roberts et al appeared in the BMJ in 1997 and 1998. They showed that both 

colloids and albumin increased mortality o f between 4-6% when administered in 

critically ill patients.

This new information, with its high media impact, could alter current practice of 

fluid management. Therefore, I sent out a further questionnaire to determine the 

effect of these publications before moving on to in vitro studies.
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5. INTRAVENOUS FLUID USE IN ACCIDENT AND EMERGENCY
DEPARTMENTS. THE EFFECTS OF PUBLISHED STUDIES IN 
THE MEDICAL LITERATURE.

(Journal of Accident & Emergency Medicine 2000; 17: 450)

INTRODUCTION:
In view of this continuing controversy, it was decided to reassess the prescribing 

practice by means of a poster questionnaire. These were sent to all A & E 

consultants in the UK and Republic of Ireland (459). Similar questionnaires were 

sent to Bums Units (205) and ITU’s (1444).

SUMMARY:

The results o f this questionnaire showed that there had been some change in the 

preference as regards the administration of the four groups o f intravenous fluids. 

There had been a reduction in the use o f colloids (Haemaccel and Gelofusine) by 

12% and albumin by 5%. Therefore, the percentage of clinicians who used colloids 

and albumin showed a slight decrease, and this was mirrored by an increase in the 

preference for crystalloid use.

On the basis of the above findings, it was decided to continue using Haemaccel, 

Gelofusine, albumin and normal saline in the research as these were still the fluids 

o f choice as confirmed by the questionnaire.

6. WHOLE BLOOD PLATELET AGGREGATION DETERMINED 
USING A PLATELET COUNTING TECHNIQUE: A UNIVERSAL 
TOOL FOR STUDIES IN MAN.

(Platelets 2 0 0 0 :11: 347)

OVERVIEW:

Previously most in vitro studies on platelet aggregation had been carried out using 

either platelet rich or platelet poor plasma, both of which were not as 

“physiological” when compared to the whole blood platelet counting technique. 

The use of Heparin, as an anticoagulant in whole blood causes a certain amount o f 

platelet activation whereas the use of citrate removes the divalent cations such as 

calcium and magnesium.
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Furthermore, if our in vitro studies were to mimic the ex vivo system, then further 

research would have to be carried out to determine a different method of 

anticoagulation for whole blood aggregometry.

Following a literature review and my own laboratory assessment o f the 

aggregometry method, it was decided to use Hirudin as our anticoagulant which 

neutralises thrombin and therefore has no direct effect on the platelets themselves. 

Previous studies had also shown that Hirudin did not alter the divalent cations 

concentration. Following the validation of this technique, the above method was 

used in the research as it enabled the use of physiological whole blood and closely 

mimicked our ex vivo work. Review of previous studies into this technique in 

conjunction with our own laboratory work led to the validation o f this method.

7. STUDIES ON THE EFFECTS OF RESUSCITATION FLUIDS ON 
PLATELET AGGREGATION IN VITRO

(Platelets 2000; 11: 348)

INTRODUCTION:

Platelet aggregation is a complex process involving several constituents in whole 

blood. Divalent cations such as calcium have been shown previously to influence 

platelet aggregation. Dilution of whole blood in vitro with certain resuscitation 

fluids will lower calcium, and also cause cellular dilution, both o f which will have a 

separate effect on the aggregatory response.

Therefore a study was set up to investigate these two separate effects which occur 

when different resuscitation fluids are added to whole blood (normal saline, 

Gelofusine, Haemaccel and albumin) on platelet aggregation. To do this each 

patient’s own autologous plasma was used as a diluent to firstly enable us to limit 

the change in divalent cation concentration which could occur with other controls, 

and secondly to study the effect that these fluids would have on cellular dilution 

while maintaining the cation concentration and plasma matrix. A literature review 

of this technique did not show any previous studies where this method o f the use o f 

autologous plasma as either a diluent or a control had been used. 18



SUMMARY:
Adding autologous plasma to whole blood, and thereby reducing the cell count, 

reduced the aggregation responses to collagen and adrenaline, but not ADP. Saline 

and Gelofusine enhanced the aggregation responses to ADP, collagen and 

adrenaline, possibly as a consequence o f lower ionised calcium. Haemaccel always 

inhibited the aggregation further probably through increased ionised calcium and, 

like Gelofusine, abolished responses to ristocetin. Compared with saline and 

Gelofusine, albumin usually limited the enhancement of the aggregation response 

consequent to creating a low ionised calcium environment (by binding to ionised 

calcium).

As a result of these findings we anticipated that the effects o f these agents on 

platelet aggregation in man would largely depend on the extent of the changes in 

blood cell counts and the rapidity with which homeostatic mechanisms corrected the 

changes in plasma ionised calcium that would accompany the various infusions.

Our two in vitro studies showed that ionised calcium played a significant part in 

inhibiting platelet aggregation in an above cellular dilution. In our next study, (The 

prospective double blind randomised study of the effects of four intravenous fluids 

on platelet function and haemostasis in elective hip surgery), we aimed to determine 

the in vivo and ex vivo effects of these various resuscitation fluids including 

Haemaccel. If this inhibition of platelet function did occur it was also vital that we 

should try and determine what effect this would have on the bleeding time and 

blood loss.

8. PROSPECTIVE DOUBLE-BLIND RANDOMISED STUDY OF THE 
EFFECTS OF FOUR INTRAVENOUS FLUIDS ON PLATELET 
FUNCTION AND HAEMOSTASIS IN ELECTIVE HIP SURGERY

(Journal o f Thrombosis & Haemostasis 2003; 1: 1-9)

INTRODUCTION:

Fifty-five patients undergoing elective hip replacement were studied. Elective hip 

surgery is accompanied by blood and fluid loss of approximately 2 litres with 

significant soft tissue and bony injury. This causes enough injury to stimulate the 

systemic homeostatic processes and intravenous fluid replacement, is required 

routinely to maintain tissue perfusion. 19



The reason for studying patients undergoing elective hip replacements, as opposed 

to patients with polytrauma was to limit confounding variables which may also 

affect platelet aggregation. The patients in this study had a full set o f baseline 

biochemical/haematological measurements including platelet aggregation and 

bleeding times. After the baseline bloods were collected all patients were infused 

with either crystalloid or colloid fluids consistent with ATLS guidelines. Repeat 

blood samples were then taken during and after surgery.

SUMMARY:

The results showed that all four fluids had a direct effect on platelet aggregation. 

Generally, the platelet aggregation appeared to result in platelet desensitisation and 

resulted in a persistent reduction in platelet aggregation to ADP and adrenaline, 

irrespective o f the fluid used. Additionally, Haemaccel and Gelofusine inhibited 

ristocetin-induced platelet agglutination and albumin inhibited collagen-induced 

platelet aggregation. The results showed that all bleeding times were significantly 

elevated, irrespective of the type of fluid used but this rise was more marked with 

colloids than with normal saline. However, within four hours the bleeding times 

had almost returned to normal.

The measurement of blood loss showed that there was slightly more blood loss with 

the colloids than with the crystalloids, although this never reached statistical 

significance.

The data clearly showed that all colloids exhibited a much greater effect on platelet 

aggregation with an increase in bleeding time and a slight increase in blood loss 

when compared to normal saline. All four intravenous fluids had varying intrinsic 

effects on platelet function. Even normal saline had an intrinsic effect by promoting 

aggregation with certain agonists thus, suggesting that future studies o f dilution 

should use autologous blood plasma as a diluent control rather than normal saline. 

This study also showed that although these intravenous fluids may exert a similar 

volume and intrinsic effect, they may also affect the haemostatic mechanism 

independently.
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Despite infusion of two litres of Haemaccel the calcium never rose to the levels 

which we achieved in our previous in vitro experiments or to that which had been 

observed previously in trauma patients. This could be explained by the corrective 

homeostatic mechanisms and/or by the lower volumes of Haemaccel administered 

in this study compared to the study on the polytrauma patients. Different 

resuscitation fluids have varying effects on platelet aggregation. A review o f our 

results and the literature was carried out to determine whether the effects of these 

fluids on platelet aggregation in vitro could be predictive of the ex vivo changes, 

which were observed.

9. CAN THE EFFECTS OF CLINICAL REPERFUSION FLUIDS ON 
PLATELET AGGREGATION IN VITRO PREDICT THE 
EFFECTS OF ADMINISTRATION OF SUCH FLUIDS IN A 
CLINICAL STUDY EX VIVO?

(Platelets 2003; 14(4); 253-257)

OVERVIEW:

A comparison was made between in vitro and ex vivo studies on the effects o f these 

resuscitation fluids on platelet aggregation. There was either promotion or 

inhibition of aggregation depending on the fluid type and on the platelet agonist that 

was used.

Perhaps the most interesting finding was that overall there was a marked inhibition 

in the aggregation induced by ADP and by adrenaline ex vivo, irrespective o f the 

fluid used. This was not predicted from the in vitro experiments. It is unlikely that 

this was an effect of the anaesthetic agents because all blood samples were obtained 

following the same anaesthetic administration. It is more likely that the surgery 

itself led to the reduced response observed. Possibly increases in ADP and 

adrenaline in blood plasma following surgery led to some down regulation o f 

platelet responses to these agonists. However, platelet responses to collagen were 

not altered as a consequence of surgery as it is possible that not all platelets 

remaining in the circulation post surgery would have been exposed to collagen 

during the operation. Overall, the results showed that a combination of homeostatic 

and trauma response mechanisms complicate the ability to extrapolate from the 

findings in vitro to ex vivo. 21



Another example o f the difficulty in extrapolating in vitro data to ex vivo was seen 

in the effects of Haemaccel on aggregation responses. The marked inhibition of 

aggregation by ADP, adrenaline and collagen in vitro is at least in part, a 

consequence of the large amounts o f calcium in Haemaccel. In vivo homeostatic 

mechanisms served to moderate the changes in calcium concentration and overall, 

the effects of Haemaccel infusion proved to be very similar to those of the other 

fluids used.

In the in vitro studies, Haemaccel and Gelofusine proved to be potent inhibitors of 

ristocetin induced aggregation. This is thought to be a direct effect of the gelatin 

interfering with the interaction between platelets and von Willebrand factor. In this 

context the effects o f Haemaccel and Gelofusine were reproduced in vivo.

EPIDEMIOLOGICAL PUBLICATIONS, REVIEWS AND 
META-ANALYSIS

Following initial research in 1993, there had been significant developments as 

regards fluid resuscitation. By now a considerable body o f knowledge had been 

published which was focussed on the potential detrimental dilutionary 

haemodynamic and intrinsic effects o f these fluids on haemostasis. Therefore many 

of the clinical guidelines into fluid resuscitation were brought into question.

Three systematic reviews were undertaken to try and determine what evidence there 

was for the justification of fluid administration protocols in practice. Reviews were 

undertaken to examine the factors which had influenced the drawing up of these 

guidelines.

The first systematic review was undertaken to determine the effect o f blood pressure 

normalisation on bleeding in trauma patients. The timing and volume of fluid 

administration to patients with haemorrhagic hypovolaemia was specifically 

investigated.
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The second review was a systematic analysis of randomised controlled trials o f the 

timing or volume of fluid administration in animal models of uncontrolled 

haemorrhage. This was to try and determine whether information collected from 

animal experimentation on fluid resuscitation and haemorrhage could be 

extrapolated to human health care in terms of clinical management.

The third review systematically analysed randomised controlled trials of fluid 

resuscitation in animal models of uncontrolled haemorrhage and explored potential 

sources of heterogeneity. Unconfounded randomised controlled trials o f fluid 

resuscitation in animal models of uncontrolled haemorrhage using mortality as our 

outcome measure were reviewed.

All three systematic reviews focused mainly on the effects that intravenous fluids 

had on haemostasis.

10. IS THE NORMALISATION OF BLOOD PRESSURE IN BLEEDING  
TRAUMA PATIENTS HARMFUL?

(The Lancet 2001; 357: 385-3871

OVERVIEW:

Previously the treatment of haemorrhage in the trauma patient focussed on 

controlling haemorrhage. Maintenance of blood pressure was aimed to prevent 

shock, but unfortunately this may also worsen bleeding. Restoring the blood 

pressure by either crystalloid or colloid may not only impair the formation o f new 

blood clots but may dislodge the existing ones, and thereby contribute to on-going 

haemorrhage.

Review of the published clinical data showed that the evidence for normalising 

blood pressure in the face of on-going haemorrhage, far from having a beneficial 

effect may indeed lead to worsening of bleeding and shock. There was no 

conclusive evidence about the type and volume of fluid which should be given. On 

the other hand, many of the trials compared different colloids, or compared colloids 

with crystalloid solutions. Questions about the amount of fluid which should be 

administered had been eclipsed by the debate on the choice o f fluids. 23



Vigorous fluid resuscitation in uncontrolled haemorrhage may be life-saving in 

some patients, and the results from the clinical trials are consistent with those from 

animal studies indicating that raising of blood pressure could worsen bleeding and 

increase mortality.

In the absence o f evidence for the effectiveness o f currently recommended 

resuscitation protocols, and the potential for harm, contemporary resuscitation 

practice can at best be regarded as experimental. Indeed it was unclear as to which 

criteria had been used to inform the clinical decisions as to the type and volume of 

fluid to be used.

11. DOES ANIMAL EXPERIMENTATION INFORM HUMAN 
HEALTHCARE? OBSERVATIONS FROM A SYSTEMATIC 
REVIEW OF INTERNATIONAL ANIMAL EXPERIMENTS ON 
FLUID RESUSCITATION.

(British Medical Journal 2002; 324: 474-476)

OVERVIEW:

Previous systematic reviews o f randomised trials of fluid resuscitation in bleeding 

trauma patients had provided no evidence that fluid resuscitation improved 

outcome. Indeed, much of the findings on fluid resuscitation protocols had utilised 

evidence from animal studies.

The review revealed that many of the studies used a range o f animal species and 

models with different physiological endpoints. Outcomes could only be assessed 

accurately if the physiological response to intervention was consistent from species 

to species. However, some physiological systems may be different between animal 

species, which could lead to different outcomes. The studies showed considerable 

variation, not only from species to species, but also in terms of outcome measured. 

Many of the studies were under-powered and provided little information. Following 

the observations and conclusions from this systematic review a further systematic 

review of randomised controlled trials of fluid resuscitation in animal models of 

uncontrolled haemorrhage was undertaken to explore the potential sources of 

heterogeneity, which had been highlighted in this review. 24



12. FLUID RESUSCITATION STRATEGIES. A SYSTEMATIC REVIEW
OF ANIMAL TRIALS

(Journal of Trauma 2003; 55: 1-19)
OVERVIEW:

Much of the evidence for the type of resuscitation fluid came initially from research 

on animals. In the light of the relative lack of evidence in humans on the effects of 

delayed or reduced volume resuscitation, a review of animal trials was valuable. As 

previously argued the application of systematic review methodology to animal 

experiments would allow a more objective appraisal of the research evidence than 

narrative reviews, and by increasing the precision of estimates o f treatment effects, 

would reduce the proportion of invalid results.

Thus, exploration o f heterogeneity in meta-analyses o f animal experiments has the 

potential to provide important insights into disease mechanisms. We used 

stratification and meta-regression, to identify sources of heterogeneity in a 

systematic review of 52 randomised controlled trials of fluid resuscitation in animal 

models of uncontrolled haemorrhage.

This review showed that the effect o f fluid resuscitation on the risk o f death in 

animal models of uncontrolled haemorrhage appears to be related to the severity of 

haemorrhage. When haemorrhage is severe (injury to the aorta or >50% of the rat 

tail removed), fluid resuscitation reduces the risk of death. However, when 

haemorrhage is less severe (injury to vessels other than the aorta or <50% of the rat 

tail removed) the risk o f death is increased. This suggests that the risk versus 

benefits of fluid resuscitation are finely balanced. In animals with less severe 

injury, the potential risks o f fluid resuscitation appear to outweigh the benefits o f 

improved tissue perfusion and reduced tissue ischaemia. This may be due to the 

increasing hydrostatic pressure and impairment of clotting leading to increased 

blood loss and diluting the oxygen carrying capacity of the blood. However, in 

severe injuries, the effect o f hypotensive resuscitation was to reduce the risk o f 

death in all trials. This suggests that using a lower than normal blood pressure as a 

guide to fluid resuscitation consistently reduces the risk of death regardless o f the 

severity of injury.
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SUMMARY OF EPIDEMIOLOGICAL EVIDENCE:

These three reviews together make a case for hypotensive resuscitation. The review 

of clinical trials in humans showed that there was no evidence that normalising the 

blood pressure improved outcome, indeed the reverse seemed to occur.

Fluid resuscitation appears to reduce the risk of death in animal models o f severe 

haemorrhage to a degree which would be considered massive in man, but increases 

the risk of death in those with less severe haemorrhage. Therefore, excessive fluid 

resuscitation could be harmful in some situations. An evaluation o f the potential 

impact of hypotensive resuscitation in humans is now warranted.

Following the epidemiological reviews considerable interest arose into the effects of 

fluid resuscitation on clot quality. This was highlighted by the development o f new 

therapeutic options such as factor Vila and thus, led to the following studies on 

haemostasis.

13. ASSESSMENT OF rVlIa AS A UNIVERSAL HAEMOSTATIC 
AGENT IN A MODEL OF HAEMODLLUTION:

1. Critical Care 2001: 5(1): 107

2. Critical Care 2002; 6(1): 127

3. Summary of Abstract

INTRODUCTION:

Recent research has shown that gelatins and starches get incorporated into clots and 

have a direct effect on reducing clot quality. If fluid administration has a 

detrimental volume and intrinsic effect on clot quality then it is appropriate to 

investigate therapeutic options which reduce these detrimental effects and also 

improve clot quality. This could also help reduce the need for volume replacement 

with its adverse dilutional, haemodynamic and intrinsic effect. 26



It would be beneficial if  clot quality could be improved early on following trauma in 

the pre-hospital phase, to reduce the necessity for large volume replacement whilst 

maintaining clot quality. Factor Vila is a new and potentially exciting therapeutic 

option, which could fulfil this role. It is a naturally occurring factor produced from 

the combination of factor VII with tissue factor from the vascular endothelium in 

trauma. It binds to tissue factor at the site of injury and both accelerates coagulation 

and improves clot quality resulting in reduced haemorrhage. It has been 

successfully used in haemophiliacs and there have been recent reports of its use in 

life-threatening cases o f trauma.

Therefore, an in vitro study was carried out using the thromboelastogram (TEG) to 

investigate whether factor Vila could overcome both the intrinsic and dilutionary 

effect of colloids and crystalloids. TEG is a device which gives a global picture of 

the haemostatic mechanism by measuring global haemostasis covering 

thrombogenesis as well as fibrinolysis. TEG allows us to repeated study whole 

blood coagulation, which helps to determine the effect of both volume and fluid 

type on haemostasis. It also determines the clot quality by measuring the durability 

and tensile strength of the clot.

Whole blood was diluted to 50% and 80% with Saline or Haemaccel. Each time the 

maximum amplitude was reached on the TEG, it corresponded to maximum clot 

strength. Clot structure was also studied by electron microscopy.

SUMMARY:

These results clearly showed that factor Vila globally improved major parameters of 

haemostasis as assessed on the TEG machine, reversing both the intrinsic and 

dilutionary effects of saline and Haemaccel. Electron microscopy showed that clot 

structure had a greater number o f fibrin strands and cross-linkages and showed 

increased clot quality. The improvement in clot quality occurred despite the high 

dilutions which were used.

If these results can be extrapolated and confirmed in clinical trials, then a patient 

with haemorrhagic shock could receive factor Vila in the pre-hospital setting. 27



This could improve clot quality and further reduce haemorrhage and the need for 

fluid resuscitation. Consequently, this could enhance the time for definitive surgical 

intervention.

CONCLUSION OF THE THESIS:

Following my initial publication in 1995 into the increased bleeding time associated 

with Haemaccel, considerable interest has developed, which has stimulated debate 

and led to subsequent further publications by other investigators confirming these 

findings.

Haemaccel has been shown to affect haemostasis in three ways. Firstly, due to its 

volume expansion it has a dilutional and haemodynamic effect on haemostasis. 

Secondly, it has an intrinsic effect which has been clearly demonstrated both in the 

laboratory and clinically. Its gelatin content specifically inhibits platelet 

aggregation and increases bleeding. Thirdly, in addition, infusion of Haemaccel 

leads to a rise in systemic ionised calcium levels which inhibit platelet function and 

haemostasis.

Similarly Gelofusine affects haemostasis by having a dilutionary and intrinsic effect 

which is specifically related to its gelatin content. Albumin also has a volume and 

intrinsic effect on haemostasis. However, its intrinsic effect is mainly related to its 

interaction with collagen resulting in inhibition of platelet aggregation.

It has also been shown in this thesis that calcium, colloids and to a lesser extent 

crystalloids have a direct effect on platelet function and clot quality. The above 

research has shown that haemostatic dysfunction does lead to an increase in blood 

loss. Normal saline, which in previous studies has been used as a non-colloid 

control, has also been shown in these studies to have some intrinsic effect. 

However, compared to the colloids its intrinsic effect is more pro-thrombotic than 

fibrinolytic.
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It could be suggested that previous studies which have used normal saline as 

diluents were liable to have produced unreliable results and conclusions. In this 

thesis, this was overcome by using the novel way of diluting blood with plasma and 

it is suggested that future in-vitro experiments with resuscitation fluids should be 

carried out using autologous plasma as a control.

The epidemiological studies showed that when intravenous fluids are given early, 

colloids are administered and blood pressure maintained, this results in a poorer 

outcome. Therefore, there is a clear case for low volume replacement and 

hypotensive resuscitation.

Finally, if in vitro work on factor Vila can be established in a clinical situation this 

could lead to a new way of treating haemorrhage in trauma. This new therapeutic 

development could improve clot quality and reduce bleeding, leading to a method in 

which blood pressure is maintained whilst reducing the need for intravenous fluid 

itself. If future clinical trials into the use of factor Vila in trauma, support our 

observations in this thesis, then it could be administered in a pre-hospital setting to 

reduce bleeding and expedite the patient’s passage to surgery for definitive care.

The clinical and laboratory work in addition to the epidemiological reviews clearly 

complement each other and support our hypothesis that giving large volumes of 

fluids has a detrimental effect on haemostasis with a poorer outcome. In the future 

this new concept o f hypotensive resuscitation with the administration o f factor Vila 

could overcome the complications associated with fluid resuscitation.

I believe that the research carried out in this thesis has made some contributions to 

our understanding o f fluid resuscitation in haemorrhagic trauma.
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INTRODUCTION

Haemaccel is widely used throughout Europe and South 
Africa in the resuscitation of trauma patients1. Although it is 
very effective when used as the sole volume expander, it is 
usually used in conjunction with a crystalloid which has been 
shown both experimentally and clinically to increase its 
benefits2. The colloid within Haemaccel is chemically 
modified bovine bone gelatine preparation. The gelatine is 
subjected to thermal degradation to produce a gelatine 
hydrolysate in the form of small polypeptides of molecular 
weight 12 000 to 15 000. These are then cross linked to 
form larger molecules which have an average molecular 
weight of 35 000 (range 25 000—50000). In addition, the 
solution contains a number of other solutes including Ca2+ 
(6.2 mM), and exerts an oncotic pressure of 3.4—3.8 kaPa at 
37°C. It is isoncotic with plasma and it has a half life in the 
body of approximately 5 h.

Recent anecdotal reports from the Department of 
Surgery at the University Hospital Bloemfontein (Orange 
Free State, South Africa) suggested that trauma patients who 
had received Haemaccel for shock exhibited an increased 
bleeding tendency in the form of wound oozing, both intra- 
and post-operatively. The aim of the present study, 
therefore, was to perform a controlled investigation of the 
effects of Haemaccel on bleeding time in vivo in trauma 
victims at the Trauma Unit of Johannesburg Hospital.

PATIENTS AND METHODS 

P ro to co l

Twenty-five patients who presented at the Trauma Unit of 
the Johannesburg Hospital were recruited over a 35 day 
period. All patients in our study had suffered either blunt or 
penetrating trauma, and all required fluid resuscitation due 
to their injuries. All patients were seen by the On call 
Trauma Team which consisted of a consultant, a registrar,

1 Department of Accident and Emergency. Leicester Royal Infirmary, Leicester,
UK; ^Trauma Unit, Johannesburg Hospital and University of the Witwatersrand,
Johannesburg, South Africa; 3North Western injury Research Centre, University
of Manchester, UK; ‘Department of Haematology, School of Pathology of the 
South African Institute for Medical Research and the University of the
Witwatersrand, Johannesburg, South Africa
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two senior house officers and a house office 
Trauma Nursing Team in the resuscita 
patients were scored independently by 
trauma unit using the Injury Severity S( 
Revised Trauma Score systems5-6. For inch 
the patients had to satisfy the followin 
determined criteria

1 Age >  16 years
2 Blunt or penetrating trauma
3 Required intravenous fluid resuscitatio
4 Arrival at trauma unit within 2 h of ir
5 Crystalloid (Ringer’s lactate) as the 

infusion
6 No underlying illness or medication w 

the patient’s coagulating‘system

All the patients described in this study we 
Trauma Unit within 2h of the injury. The 
according to the Advanced Trauma Life Su] 
guidelines relating to resuscitation in pr< 
having received only crystalloid (Ringer 
volume expander. Base line bleeding tim< 
for each patient on arrival at the hospital i 
type II method as well as a full coagul 
below). The patients were then allocated x 
of two groups to receive either (i) col 
group 1) or (ii) further crystalloid (Ringe 
2), until the patient was fully resuscitatt 
being stable vital signs. The volume oi 
documented and a further bleeding time ai 
screen was carried out. A list of patient* 
group, and the injuries can be obtained fi 

Ethical approval was obtained f 
Committee of the University of the Witv

C o a g u la t io n  s c r e e n

Approximately 20 ml of blood withdraw 
vein by direct venepuncture. Initial norm; 
prothrombin, partial thromboplastin anc 
were determined using a 1:10 standard ( 
citrate (31.3 g l). Platelet count was de 
separate aliquot of the venous blood colh
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Table 1 Number of patients ,JW)> m ales/females (m/f) and associated  
ages, suffering blunt or penetrating (pene) injuries, injury severity scores  
(ISS) and revised trauma scores (RTS). Following an initial resuscitation 
with crystalloid (lnit-resusc), the patients were randomized into two 
groups and resuscitated further (Secondary-resusc) with either colloid 
(group 1) or crystalloid (group 2). All variables except N  and injuries 
presented as medians (interquartile ranges).

Group 1 
(Colloid)

Group 2 
(Crystalloid)

N  (m/f) 11 (9/2) 14 (12/2)

Age (year) 30 (29-38) 30  (25-39)

Injuries (blunt/pene) 7/4 9/5

ISS 25 (16-34) 25 (14-36)

RTS 7.5  (4 .9 -7 .8 ) 6 .3  (4 .4 -7 .8 )

ln it-resusc crystalloid vol (Ref 3) 1.0 (0 .2 -1 .5 ) 0 .8  (0 .4 -1 .0 )

S e co n d a ry -re su sc  vol (Ref 3) 1.0 (1 .0 -1 .8 ) 2.2* (2 .0 -2 .6 )

*P <0 .05  group 1 versus group 2, Mann-Whitney U  te st

Statistical analysis
Within group comparisons were made using a Willcoxon 
match-paired signed rank test, while comparisons between 
crystalloid and colloid groups were made using a Mann— 
Whitney (7-test. A value of P <  0.05 was considered 
statistically significant. All values are presented as median 
(interquartile range) unless indicated otherwise.

Results
The patients’ ages, ISS and volumes of crystalloid used for 
initial resuscitation in the two groups are summarized in 
Table 1. These values did not differ significantly between the 
two groups. Furthermore, bleeding times, prothrombin, 
thrombin, partial thromboplastin times and platelet counts 
did not differ significantly between the two groups at the end 
of the initial resuscitation.

Effects of secondary resuscitation with either 
crystalloid or colloid solutions
The volume of fluid used for secondary resuscitation was 
significantly greater in the crystalloid treated group compared 
to that treated with colloid (Table 1). Following secondary 
resuscitation there was statistically significant increase in 
bleeding time in both groups (Figure 1). However, the 
increase in bleeding time was significantly greater in the colloid 
than in the crystalloid treated group, amounting to an increase 
of 5.5 min (2.8-7.3) or 93.6% (42.3-157.1) in the colloid 
group compared to 1,4min (1.0-2.3) or 25.1% (14.1-46.9) 
in the crystalloid treated group. Prothrombin time showed a 
small increase in both groups (Figure 2), which failed to attain 
statistical significance. The thrombin time was unchanged in 
either group following secondary resuscitation from 28.8s 
(26.7—33.0) and 30.7s (25.2—32.4), respectively, ingroups 1

Group 2 
(Crystalloid)

Group 1 
(Colloid)

12  -c
E
©
E

CDC
TJ0)
_a>
co

Control P o s t -Control P o s t -
resu sc  resu sc

Figure 1 Bleeding tim es in tw o groups of p a tien ts recorded  after 
the initial resuscitation  with crystalloid  (control) and again  after 
secondary resu scita tion  with either co llo id  (group 1) or crystalloid  
(group 2). *P < 0 .05  versu s resp ectiv e  control, W illcoxon m atched- 
pairs signed  ranks te st . P <  0 .05 versu s group 1, M ann-W hltney U- 
te st

Group 1 Group 2
(Crystalloid)(Colloid)18 i

16 -

I-
o .

12  -

Control P o s t -Control P o s t -
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Figure 2  Prothrombin tim es (PT) in tw o groups of patients  
recorded after the initial resu scita tion  with crystalloid  (control) 
and again after secon dary  resu scita tion  with either colloid  (group 
1) or crystalloid (group 2)

and 2. Partial thromboplastin time was increased significantly 
in the colloid treated group. However, the increase in the 
crystalloid group failed to achieve statistical significance 
(P—0.068, Figure 3). There was a decrease in platelet count in 
both groups (Figure 4). These changes were not statistically 
significant. Although there was a marked increase in bleeding 
time in the colloid group, there was no direct relationship 
between the volume of colloid given and prolongation of 
bleeding times. The volumes of whole blood subsequently 
required by the crystalloid group was less than that required by 
the colloid group (3.5 units; (range 0—11) versus 4.6 units; 
(range 0-26), respectively).
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Group 2  
(Crystalloid)

Group 1 
(Colloid)
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Figure 3  Partial throm boplastin tim es (PTT) in tw o groups of 
patients recorded after the initial resuscitation  with crystalloid  
(control) and again after secondary resuscitation  with either  
coiioid  (group 1) or crystalloid (group 2) *P< 0.05  v ersu s resp ective  
control, W illcoxon m atched-pairs signed  ranks te s t

Group 1 Group 2
(Crystalloid)(Colloid)

3 5 0  -

3 0 0  -

•  *o
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Figure 4 P latelet counts (PLT) in two groups of patients recorded  
after the initial resuscita tion  with crystalloid (control) and again  
after secondary  resuscitation  with either colloid  (group 1) or 
crystalloid (group 2)

DISCUSSION
The present study has shown that there is an increase in 
bleeding time following resuscitation with asanguineous 
fluids, and that this increase is markedly greater when the 
fluid used is Haemaccel rather than crystalloid solution. It is 
difficult to assess the clinical significance of this finding; 
however, it was noted that the requirement for whole blood 
was somewhat higher in the group of patients treated with 
Haemaccel, when compared to those treated with crystalloid 
solution. While we accept that this finding may be 
artefactual because the discharge haemoglobins were not

measured and that there were a relatively small number of 
patients in our study, it remains a worrying finding. 
Obviously, a larger study is required to validate this 
particular result.

There are a number of potential mechanisms which could 
explain the increase in the bleeding time.

Haemostasis refers to the spontaneous arrest of bleeding 
from an injured blood vessel. Primary haemostasis in the 
trauma patient is initiated by the adhesion of platelets to the 
site of injury and local vasoconstriction with subsequent 
formation of a haemostatic plug brought about initially by the 
aggregation of platelets on their exposure to collagen. The 
bleeding time is thought to be one of the few global tests of 
haemostatic competency and reflects both platelet function as 
well as number8. It has been recognized and used in the 
surgical patient as an indicator of bleeding tendencies both 
pre-and post-operatively9. The primary haemostasis is 
followed by secondary haemostasis in which the coagulation 
system is activated resulting in stabilization of the initial 
platelet plug by fibrin.

The prolongation of bleeding time in the present study 
may, thus, be due to a deficiency in the primary haemostatic 
mechanism. Although in our study the platelet count dropped 
in both groups, they did not fall below physiological levels, nor 
was the decline statistically significant. Thus, the increased 
bleeding cannot be explained simply on the basis of a reduced 
platelet count. White et al.8 feel that the bleeding time 
evaluates platelet function. There is little evidence that 
Haemaccel may affect platelet function in vivo following 
trauma. In the rat bleeding time and blood loss were increased 
following liver resection and plasma replacement with 
Haemaccel, while ADP-induced platelet aggregation was 
significantly decreased after the infusion of Haemaccel10. 
Furthermore, in vitro studies have suggested that Haemaccel 
can inhibit von Willebrand factor and thereby reduce platelet 
aggregation11,12, thus simulating von Willebrand’s disease.

This inhibition was found to be dose dependent, and could 
be overcome by increasing the amount of von Willebrand 
factor, but was not found to prolong in vitro bleeding time 
significantly. These workers found that collagen, ADP, 
adrenaline induced platelet aggregation and serotonin release 
were inhibited markedly by Haemaccel. Thus, the increase in 
bleeding time following Haemaccel reported in the present 
study could be due to inhibition of platelet function.

Haemaccel may modify platelet function by coating of 
the platelet membrane with the colloid macromolecule 
causing a steric blockade of the surface receptors as occurs
with other m a c r o m o l e c u l e s 1 3 ’ 1 4  thus interfering with the
binding of ADP, collagen and adrenaline, resulting in a 
reduction in platelet aggregation and adhesion. This has been 
shown to occur in vitro but has not been shown to be of 
clinical significance. Platelet function can also be modified by 
ionized calcium. 103P
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Heptinstalls15 showed that free calcium ions, even at 
normal physiological levels, can reduce platelet aggregation 
in vitro, partly by promoting platelet disaggregation. Since 
Haemaccel contains free calcium ions (6.25mM), it might 
increase plasma calcium levels and hence reduce platelet 
aggregation in vivo.

Finally, a slight prolongation of prothrombin and partial 
thromboplastin times was also noted (in both groups) but 
these remained within the normal limits of the normal range 
and reflect a degree of haemodilution of the coagulation 
factors which occurred during volume replacement. A 
transient dilutional coagulopathy is consistent with earlier 
reports16, though other studies suggest that this is rapidly 
corrected when perfusion is good17.

In summary, the present study has shown that volume 
replacement with Haemaccel in the trauma patient produces 
a markedly greater increase in bleeding time compared to 
resuscitation with a crystalloid solution. Further studies are 
now required to elucidate the exact mechanisms of this 
action.
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Changes in plasma ionised calcium within 
24 hours of trauma in patients infused with the 
calcium containing colloid Haemaccel during 
fluid resuscitation

P A Evans, W M adira, M  S Riyatt, M  E rrington, S H eptinstall

Abstract
Objective—To determ ine the changes in  
ionised plasm a calcium  levels over a 24 h 
period in patients sustain ing blunt traum a  
injuries and infused with the calcium  con
taining colloid H aem accel* (6.25 m m ol/ 
litre Ca2+) .
Methods—The study was carried out on 24 
trauma patients who attended the acci
dent and em ergency (A&E) departm ent o f  
the Leicester Royal Infirm ary and re
quired fluid resuscitation . N ineteen pa
tients, with a m ean injury severity score  
(ISS) of 14 (range 6 to 36), were given an 
infusion o f  H aem accel; five patients in the 
control group with an ISS o f  12 (range 6 to 
19) were infused n on-calcium -contain ing  
crystalloid. A ll types o f  fluids were re
corded and serial p lasm a ion ised  calcium  
values were m easured  over a 24 h period. 
Results—The m ean pre-H aem accel ion 
ised calcium  value fell to 0.71 m m ol/litre 
following traum a. T he m ean values 
(m m ol/litre) obtained in patients infused  
with H aem accel were m easured at 2, 4, 8, 
and 24 h. In the H aem accel group these  
values were 1.38 (SD  0.34), 1.40 (0.44), 1.23 
(0.27), and 1.18 (0.31) (at least P  < 0.001 v 
baseline). The rise in calcium  at 2 h was 
proportional to the volum e o f  H aem accel 
infused (r = 0.917; P  «  0.001). 
Conclusions— In all patients the plasm a  
ionised calcium  rose on infusion o f  
H aem accel and in a least one 
m easurem ent 50% o f patients developed  
hypercalcaem ia (Ca2+ < 1.30 m m ol/litre). 
The clinical significance o f  th is is at 
present unclear.
(J  Accid Emerg M ed  1997;14 :73-75)

Keywords: colloid; fluid rep lacem en t; ionised calcium ; 
hypercalcaem ia.

A fall in plasma ionised calcium is a recognised 
metabolic response to traumatic and non- 
traumatic muscle damage,1"* and intracellular 
calcium mobilisation following injury has been 
demonstrated in vitro in human endothelial 
monolayers.5 Nevertheless the role of calcium 
supplementation during fluid resuscitation in 
trauma patients remains controversial, as 
reflected by the fact that certain intravenous 
fluids used contain calcium whereas others do 
not. Haemaccel® is a calcium containing

colloid which has a standard ionised calcium 
content of 6.25 mmol/litre and is commonly 
used, either alone or in combination with crys
talloid,6 during resuscitation of shocked 
trauma patients in order to counteract the fall 
in plasma calcium in these patients.

It has, however, been observed that trauma 
patients who have received intravenous fluids 
containing calcium have significant prolonga
tion of the bleeding tim e.7 This may be the 
result of inhibition of platelet aggregation by a 
direct effect of raised plasma calcium, as 
suggested previously.7 8

In the present study we have determined the 
level of plasma ionised calcium over a 24 hour 
period following resuscitation of trauma pa
tients with Haemaccel.

M ethods
Twenty four consecutive traum a patients ad
mitted through Leicester Royal Infirmary acci
dent and emergency (A&E) departm ent and 
requiring fluid resuscitation were included in 
the study. N ineteen patients (mean age 36 
years, age range 19 to 77) with a mean injury 
severity score (ISS) of 14 (range 6 to 36) were 
given an infusion of Haemaccel, and a control 
group of five patients (mean age 42; years, age 
range 18 to 85) with an ISS of 12 (range 6 to 
19) were given non-calcium-containing crys
talloids; all agreed to supply blood samples for 
the duration of the study. T he ISS was assessed 
as previously described.9 None of the patients 
were on any medication, or had any underlying 
illness known to affect plasma calcium concen
trations. All patients were resuscitated follow
ing the advanced traum a life support guide
lines.10 None of the patients had an arterial pH 
outside the normal range, as determined by 
blood gas analyser.

The fluid replacements were given in the 
usual way, with no modifications to patient 
management because of the study. The vol
umes and types of fluids infused and the infu
sion rates were recorded. Blood for the 
determination of ionised calcium was collected 
following the recommendations of Boink et al.u 
Mixed venous blood (collected without tourni
quet or stasis) or arterial blood samples for the 
immediate m easurem ent of ionised calcium 
and pH (by an Instrum entation Laboratory 
1640 BGE analyser) were collected into dry 
heparin tubes on admission and at 2, 4, 8, and 
24 hours. The pH  adjusted calcium values
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Table 1 Effect o f infusion o f Haemaccel on plasma ionised calcium

Pre-Haemaccel • 
basal value

Time since trauma

2 h 4 h 8 h 24 h

H aem accel group
M ean ionised calcium  (mmol/1) (S D )
Range o f  ionised calcium  (mmol/1) 
c f pre-H aem accel value
M ean volum e H aem accel infused per patient (ml) 
Range H aem accel volum e infused

0.71 (0 .15)  
0.49  to 0 .90  
N A  
N one  
N one

1.38 (0 .34)  
0.91 to 2.02  
P < 0.001  
1230
500-2500

1.40 (0 .44)  
0.97  to 1.94) 
P < 0.001  
1500
500 -3 0 0 0

1.23 (0 .27)  
0 .8 8  to 1.61 
P <  0.001  
1580  
500 -3500

1.18 (0 .31 )  
0.79  to 1.7 
P < 0 .001  
1640
500 -3000

N on-H aem accel group
M ean ionised calcium  (mmol/1) (S D ) 0.71 (0.15) 0 .78  (0 .08) 0 .75  (0 .0 8 ) 0 .9 0  (0 .24) 0 .90  (0 .11 )

T h e m ean ionised calcium  levels in five trauma patients w ho did not receive H aem accel did not vary significantly from 0.71 mmol/1 
over the 24  hour period.
Reference range for ionised calcium  in plasma is 1.18 to 1.30 mmol/1.

were then determined (normal range 1.18 to 
1.30 mmol/litre. The results were compared —
using the Student t test and regression analysis.

o
E

Results I
Table 1 shows that the mean volume of |
Haemaccel infused per patient over the 24 5
hour study period was 1640 ml (10.25 mmol S
Ca2+), range 500 to 3500 ml (3.13 to 21.88 "g
mmol Ca2+). At all time intervals studied the ■;=
mean ionised calcium values while receiving —
Haemaccel were highly significantly different 
from control values. The mean ionised calcium 
concentration (mmol/litre) before infusion of 
Haemaccel was 0.71 (SD 0.15, range 0.49 to 
0.90), and at 2 ,4 , 8, and 24 hours, during infu
sion of Haemaccel, the values were 1.38 (SD 
0.34, range 0.91 to 2.02), 1.40 (0.44, 0.97 to 
1.91), 1.23 (0.27, 0.88 to 1.61), and 1.18 
(0.31, 0.79 to 1.87), respectively (at least P < 
0.001 compared with the pre-Haemaccel 
value, table). The mean ionised calcium values 
(0.68 to 0.84 mmol/litre) in five trauma 
patients who did not receive Haemaccel did 
not vary significantly from the basal value of 
0.71 mmol/litre over the 24 hour study period.
In some patients infusion of Haemaccel caused 
significant hypercalcaemia, with ionised cal
cium levels as high as 2.07 mmol/litre.

C o e ffic ien t o f c o r re la tio n , r=0.917 (P<0.0001)
2.0

1.5

1.0

0.5

0

■a -0.5

• - - 1.0
20000 500 1000 1500

V olum e H a em ac ce l in fu se d  (ml)

Figure 1 Ionised calcium was measured on admission in 
patients who required flu id  resuscitation. The measurements 
were repealed two hours later following a rapid infusion . 
with different volumes o f Haemaccel at a calcium 
concentration o f  6.25 mmol/litre. The change in ionised 
calcium over the 2 h period was calculated.

2.4

2.0

0.4

T im e s in c e  in fu s io n  o f H a e m a c c e l s ta r te d  (h)

Figure 2 Ionised calcium was measured on admission in 
patients who required rapid flu id  infusion during  
resuscitation. A fter the initial infusion no further  
Haemaccel was given a n d  further ionised calcium  
measurements were repeated at 2, 4, 8, and 24 hours.
Volumes o f Haemaccel (calcium concentration 6.25 
mmolllitre) initially infused were: none = • — • ;  500 m l ; 
1000 ml m— m ; 1500 m l □ ;  2000 ml A— A. The
shaded area represents the normal range.

Figure 1 shows that the rise in ionised 
calcium two hours after infusion of Haemaccel 
was directly proportional to the volume of cal
cium containing fluid infused ( r=  0.917, P  «  
0.001). Infusion of 1 litre (6.25 mmol Ca2+) 
and 2 litres (12.5 mmol Ca2+) of Haemaccel 
increased ionised calcium by about 0.5 and 1.0 
mmol/litre respectively. Although the plasma 
ionised calcium concentrations rose rapidly in 
proportion to the volume of Haemaccel given, 
if the infusion rate was not maintained, the 
plasma calcium values tended to fall, usually to 
below the reference range, unless large volumes 
had been infused initially (fig 2).

D iscussion
O ur results confirmed previous observations12 
that following traum a, plasma ionised calcium 
levels fall within 24 hours in those patients not 
receiving calcium containing fluids. The mean 
pre-Haemaccel infusion ionised calcium value 
was 0.71 mmol/litre (normal range 1.18 to 
1.30) and did not change significantly over a 
24 hour study period in control patients who 
did not receive Haemaccel infusions. We have 
also shown that infusion of Haemaccel causes a 
marked rise in the concentration of plasma 
ionised calcium, sometimes significantly above 
physiological levels. There was a direct relation 
between the am ount of Haemaccel infused and
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the increase in ionised calcium concentration. 
Hypercalcaemia (Ca2+ > 1.30 mmol/litre) was 
observed in at least one m easurement in 50% 
of patients who were given Haemaccel infu
sions. In the traum a patients, following the 
infusion of Haemaccel the plasma ionised cal
cium concentration rose initially, but the levels 
then tended to fall, usually to below physiologi
cal levels, unless the infusion rate was main
tained (fig 2), indicating a persistence of the 
normal response to trauma. Since this normal 
response is to lower the plasma ionised 
calcium, then raising the concentrations, espe
cially above physiological values, may be 
deleterious for primary haemostatic mecha
nisms and cell function. In our study the 
calcium was raised, and quite markedly so, 
since the supranormal levels seen were super
imposed on a low physiological level.

The high ionised calcium level may also 
reduce platelet aggregation by enhancing the 
rate of platelet disaggregation. There is an 
optimum concentration of extracellular plasma 
calcium required for platelet aggregation to be 
achieved.8 W hen the level of calcium goes 
above this optimum level the extent of platelet 
aggregation is reduced by enhancing the rate of 
disaggregation, and this could be one of the 
factors that leads to an increase in bleeding 
time seen in the traum a patient.

The inhibitory effect of calcium on platelet 
aggregation in vitro8 and the prolongation of 
the bleeding time in traumatised patients 
following infusion of Haemaccel7 has, however, 
to be contrasted with the potentially detrimen
tal effects of low plasma ionised calcium 
concentrations on myocardial function and the 
circulation.13 However, the shocked trauma 
patient has a greater tendency to hypoxic cellu
lar damage due to hypoperfusion and hypo
static flow in vascular capillary beds, and infiis- 
ing calcium containing fluids into these 
patients may increase the likelihood of influx of 
calcium into the cells.14 Previous investigators 
have suggested that this intracellular accumu
lation of calcium may be one of the reasons for

a change from reversible to irreversible cell 
injury and death.15 The potential detrimental 
effects may therefore outweigh the benefits of 
the positive inotropic effects on the heart and 
the increase in vascular tone which may follow 
calcium infusion.

Further research is required to establish the 
optimal plasma calcium concentrations to be 
achieved following trauma.

We thank M rs J T h om as for her secretarial help in constructing  
this manuscript.
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Effects of gelatin-based resuscitation fluids on platelet aggregation

P. A. E v a n s ,  J. R. G l e n n ,  S. H e p t i n s t a l l  a n d  W. M a d e r a

Summary
Fluid resuscitation aims to maintain intravenous 
volume without significant effects on haem o
stasis. Several different types of i.v. fluid are 
available for use in a patient who has suffered 
trauma, but there is evidence that som e resusci
tation fluids may affect primary haem ostasis. We 
have compared the effects of two resuscitation 
fluids, Haemaccel and Gelofusine, on platelet 
aggregation in vitro. These resuscitation fluids 
are both based on gelatin but H aem accel con
tains a high concentration of Ca2+ w hereas 
Gelofusine does not. Their effects on platelet 
aggregation in whole blood, induced by a  range 
of different agents, were determined using a 
platelet-counting technique. Both Haem accel 
and Gelofusine prevented platelet aggregation 
induced by ristocetin ( P < 0.05, Manrv-Whitney). 
In addition, Haemaccel proved to be a  potent 
inhibitor of the platelet aggregation that 
occurred in response to all of the other agonists 
investigated: adenosine diphosphate, platelet-
activating factor, collagen, a  throm boxane A2 
mimetic (U46619) and epinephrine. The addi
tional inhibitory effects of Haem accel were 
largely, but not completely, attributable to its 
high Ca2+ content. Inhibition of platelet aggrega
tion by ristocetin may indicate a m echanism  by 
which Haemaccel or Gelofusine may contribute 
to impaired haem ostasis. The p resence in 
Haemaccel of high concentrations of C a2+, which 
is largely responsible for inhibition of the aggre
gation induced by other agents, may provide an 
additional m eans by which haem ostasis could 
be im paired. (Br. J. Anaesth. 1998; 81: 1 9 8 -2 0 2 )

Keywords: h aem o stasis ; resuscita tion  fluids, G elofusine;
re su sc ita tio n  fluids, H a e m a c c e l;  p la te le t a g g re g a tio n ;  t ra u m a

Treatm ent of hypovolaemic shock requires immediate 
restoration of the circulating volume by rapid infusion 
o f i.v. fluid to restore and sustain b lood volum e, car
diac output, stroke volume, b lood pressure, urinary 
output and oxygen delivery. Some resuscitation fluids 
contain the colloid gelatin; som e also contain C a2+, 
which is intended to correct the decrease in ionized 
calcium that follows traum atic hypovolaem ia.1 T he  
aim of adding calcium is to improve cardiac ou tput by 
increasing and m aintaining the force o f contraction 
and also by increasing peripheral vascular tone.2 T he  
am ount of calcium in the fluids is variable, and  one 
gelatin-based solution, H aem accel, contains a high 
concentration, 6.25 m M . Gelofusine is a gelatin- 
containing solution that does no t contain C a2+.

There is concern that Haemaccel may interfere with 
prim ary haem ostasis. In  a previous study it was 
noticed that H aem accel infusion to traum atized 
patients was associated w ith an  increased bleeding 
time and pronounced blood loss.3 An increased bleed
ing tim e in anim als receiving H aem accel has been 
docum ented ,4 and this was associated with signifi
cantly reduced adenosine-diphosphate-induced 
platelet aggregation in platelet-rich plasm a derived 
from these animals. H aem accel infusion to traum a 
patients can lead to hypercalcaem ia, because o f its 
high C a2f content.5 It is also known that increasing the 
concentration of C a2+ in blood plasm a in vitro can 
impair the platelet aggregation that is a determ inant of 
prim ary haem ostasis.6 7 It was therefore speculated 
that im paired haem ostasis m ight be a consequence of 
the high concentration o f C a2+ in H aem accel.5 In  the 
present study we have investigated the effects of 
Haemaccel and Gelofusine on the platelet aggregation 
induced by several different agonists. T h e  agonists 
chosen were adenosine diphosphate (A D P), platelet- 
activating factor (PA F), collagen, a throm boxane A2 
m im etic (U 46619), epinephrine and  ristocetin. T he  
effects o f Haemaccel- and Gelofusine on platelet aggre
gation were determ ined in whole b lood using a 
platelet-counting technique.8 T he  fluids were added to 
achieve a final concentration o f 40%  in blood, equiva
lent to an infusion o f about 2 litres into a 70 kg person. 
As hypercalcaemia is also known to affect the platelet 
aggregation induced by som e agents,67 we also com 
pared the effects o f H aem accel and Gelofusine with 
those of Ca2+ alone. We also carried bu t experiments in 
which C a2+ had been added to Gelofusine. T he whole 
blood was prepared using hirudin as the anticoagulant 
ra ther than the conventional citrate. T h is is because 
hirudin, unlike citrate, does no t reduce the physiologi
cal level o f ionized calcium  in plasm a, and  additional 
C a2+ can be added without affecting its ability to act as 
an anticoagulant.

Materials and methods

BL O O D  C O L L E C T IO N

Venous blood was obtained from normal subjects who 
denied taking any m edication in the 2 weeks before 
sampling. Blood was taken into a polypropylene
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syringe using a 19-gauge needle, and dispensed into a 
polypropylene tube containing Revasc (recom binant 
hirudin, final concentration 50 g ml ‘).T he sample was 
routinely kept for 30 min at 37°C before testing.

Haem accel (3.5%  w/v polygeline) was purchased 
from  Behring and Gelofusine (4%  w/v succinylated 
gelatin) from B. F raun  M edical. C alcium  chloride 
(C aC l2.6H 20 )  was obtained from  Fisons, and 
sodium  chloride (0.9%  w/v) from  Baxter H ealth  
Care. All platelet agonists were obtained from  Sigma 
Chem icals except collagen (H orm on-C hem ie) and 
ristocetin A sulphate (AL). Revasc (recom binant 
hirudin) was a gift from Ciba Geigy. T he  platelet fixa
tive solution contained 1 5 0 m M  N aC l, 4.6 m M  
N a2ED TA , 4.5 m M  N a2H P 0 4, 1.6 m M  K H 2P 0 4 and 
0.16%  w/v form aldehyde, pH  7.4.

PLATELET AGGREGATION

Platelet aggregation in whole b lood was m easured 
using the platelet counting technique described by 
Fox and colleagues.8 A blood sam ple (292 pi) was 
mixed with 200 pi o f the test solution (H aem accel, 
Gelofusine or isotonic saline, previously w arm ed to 
37°C) in a small polystyrene tube. A fter rem oving a 
12 |xl aliquot to 30 litre o f fixative solution, 20 pi o f a 
solution of an aggregating agent was added , and the 
sample placed in a water bath  (37°C) and  stirred 
(1000 r.p .m .). A t appropriate tim e-points, 12 pi 
aliquots were removed from the sam ple and  fixed as 
described. T he num ber of single platelets in the fixed 
samples was m easured using an U ltra-F lo 100 W hole 
Blood Platelet C ounter. P latelet aggregation was 
expressed as the percentage fall in  the  num ber of 
single platelets compared with the starting count. T he 
results are expressed as m edians and  interquartile 
ranges; in each case n =  7, using b lood from  different 
volunteers. W hen the effects on platelet aggregation of 
additional C a2+ were investigated, 10 pi o f an isotonic 
solution of 100 m M  C aC l2 was added  to  saline 
(190 pi) or Gelofusine (190 pi) before adding the 
blood and aggregating agent. In  the case o f  saline and 
Gelofusine this resulted in a concentration o f ionized 
calcium in the blood of 2.6 m M  and 2.5 m M  respec
tively. This compared with a concentration o f 2.8 m M  
when Haemaccel was used alone, and  w ith 0.7 m M  
and 0.6 m M  respectively w hen saline and  Gelofusine 
were used alone. These m easurem ents were per
formed using an AVL 988^4 analyser.

Statistical analysis was perform ed using a 
M ann-W hitney test. 0.05 was considered statisti
cally significant.

Results
T he effects o f the various fluids on the platelet aggre
gation induced by a range of aggregating agents are 
shown in figs 1-6. T h e  agonists used were ristocetin 
(1 m g ml ', fig. 1) adenosine diphosphate (ADP, 
0.3 pM , fig. 2), collagen (1 p g m l 1, fig. 3), platelet- 
activating factor (PAF, 0.3 pM , fig. 4), the throm box
ane A2 mimetic U 46619 (0.3 p M , fig. 5) and 
epinephrine (100 pM , fig. 6). T h e  tim epoint after 
stim ulation at which aggregation was m easured was 
dependent on the agonist used. W ith A D P and PAF, 
aggregation was determ ined at 30 s (figs 2a  and  4a ) 
and 2 min (fig. 2b  and 4b), as aggregation to low con-
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Figure 1 T h e  effect o f  H aem accel, G elofusine an d  C a 2+ o n  the 
p latelet agglu tination  ind u ced  by  1 m g m l-1 ristocetin  a t 4 m in  in 
h irud in ized  w hole b lood  (* P < 0 .0 5  co m p ared  w ith  saline,
* * P < 0.05  com pared  w ith  saline an d  saline +  C a 2+).
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Figure 2  T h e  effects o f  H aem accel, G elofusine and  C a2+ on the 
platelet aggregation induced  by 0 .3  p M  A D P  at 30 s (fig. 2a) and 
2 m in  (fig. 2b) in h irudin ized  w hole b lood  (*P <  0 .05  com pared  
w ith saline, * * P < 0 .0 5  com pared  w ith  saline +  C a 2+).
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Figure 3 T h e  effects o f  H aem accel, G elofusine an d  C a 2+ o n  the 
platelet aggregation induced by 1 g m l 1 collagen a t 2 m in  in 
hirudinized whole b lood (* P < 0 .0 5  com pared  w ith  saline).
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Figure 5 T h e  effects o f  H aem accel, G elofusine and  C a2+ o n  the 
p latelet aggregation induced  by 0 .3  p,M U 4 6 6 1 9  a t 2 m in  in  
h irud in ized  w hole b lood  (* P <  0 .05  co m p ared  w ith  saline,
* * P < 0 .05  com pared  w ith  saline +  C a 2+).
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Figure 4  T h e  effects o f H aem accel, G elofusine and  C a 2+ o n  the 
platelet aggregation induced by 0.3 p M  P A F  at 30 s (fig. 4a) and  2 
m in (fig. 4b) in hirudinized whole blood (* P < 0 .0 5 com pared with 
saline, **P<  0.05 com pared  w ith +  C a2+).
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Figure 6  T h e  effect o f  H aem accel, G elofusine and  C a2+ on  the 
p latelet aggregation induced  by  100 p,M epinephrine a t 4 m in  in 
h irudin ized  w hole b lood (* P < 0 .0 5  com pared  w ith saline,
* * P < 0.05  com pared w ith  saline - f , C a2+).

centrations of these agonists tends to be reversible. T he 
response to the remaining agonists was measured when 
aggregation would normally be complete (collagen and 
U 46619, 2 min; epinephrine and  ristocetin, 4 m in).

In  the presence o f H aem accel o r G elofusine the 
platelet aggregation induced by ristocetin was totally 
prevented (fig. 1). A dding C a2+ to the blood also 
inhibited the aggregation b u t this inhibition was only 
partial. T he  abolition o f platelet aggregation in 
response to ristocetin by G elofusine was n o t affected 
by increasing the C a2+ concentration.

H aem accel significantly inhibited the platelet 
aggregation th a t occurred  in response to all o f the 
o ther agonists (figs 2-6 ). H aem accel also appeared to 
make the aggregation in response to A D P and  PA F
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more reversible (figs 2 and 4). A dding C aC l2 to the 
whole blood also resulted in a significant inhibition 
of platelet aggregation in response to all o f rhe ago
nists studied. T he  inhibition seen with H aem accel 
was always significandy greater than  th a t seen with 
C aC l2 alone, the only exception being w hen collagen 
was used as the agonist (fig. 3).

Except w hen ristocetin was used as the agonist, 
Gelofusine had  only a slight effect on platelet aggre
gation. Significant inhibition of aggregation was seen 
in response to A D P at 30 s (fig. 2a ), b u t this effect 
was lost by 2 m in (fig. 2b). Gelofusine appeared to 
slightly potentiate the aggregation brought about by 
epinephrine (fig. 6).

Generally, there was less platelet aggregation with 
Gelofusine containing added C aC l2 than  with 
Gelofusine alone. T h is was the case in response to 
ADP (fig. 2), collagen (fig. 3), PA F (at 30 s, fig. 4a ) 
and epinephrine (fig. 6). T h e  results obtained for 
U44619 (fig. 5), and PA F (2 m in, fig. 3b ) show a 
trend towards inhibition bu t this d id  no t reach statis
tical significance. T he  degree o f inhibition seen with 
Gelofusine containing C aC l2 was significantly greater 
than that observed with C aC l2 alone for A D P  (30 s, 
fig. 2a ) and PA F (30 s, fig. 4b ). Overall, the effect of 
C a2+ on platelet aggregation was sim ilar w hether it 
was used alone or in com bination w ith G elofusine.

Discussion
One of the platelet agonists chosen for this investiga
tion was ristocetin, which induces platelet aggregation 
through a mechanism involving von W illebrand factor 
and its receptor glycoprotein lb  on  the p latelet sur
face. Von W illebrand factor is also im portan t in medi
ating adhesion of platelets to dam aged vascular tissue, 
by forming a link between glycoprotein lb  and  the 
damaged tissue. T he aggregation induced  in whole 
blood by this agent was prevented by H aem accel and 
Gelofusine. Inhibition of ristocetin-induced aggrega
tion by H aem accel confirms earlier observations,910 
and extends the finding to the aggregation tha t occurs 
in whole blood as well as that in platelet-rich plasm a. 
Platelets from patients with von W illebrand disease do 
not respond to ristocetin and this lack o f response is 
associated with markedly reduced platelet adhesion to 
damaged vascular tissue and  increased bleeding. 
There are indications that other, n o n -C a2 ̂ c o n ta in 
ing, gelatin resuscitation fluids, as well as Haemaccel, 
may impair haemostasis. In  a retrospective analysis o f 
patients who had received oxypolygelatin before car
diopulm onary bypass, use o f high doses o f the fluid 
was associated with increased postoperative blood 
loss." A recent prospective study, in which Gelofusine 
was infused into healthy volunteers, reported a signifi
cant increase in bleeding tim e.12 Interference with 
haemostatic m echanism s involving von W illebrand 
factor could therefore be one way in which 
Haemaccel and  Gelofusine, and  presum ably o ther 
gelatin-containing fluids, could increase bleeding and 
blood loss. An in vitro test o f the effects o f Haemaccel 
or Gelofusine on “clot quality” revealed that the pres
ence o f either agent led to production  o f clots that 
were more friable than norm al clots.13

T he  other platelet agonists used in this investiga
tion were A DP, PAF, collagen, U 46619 and epineph
rine. All these agents activate glycoprotein Ilb/IU a
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receptors on the platelet surface, leading to fibrino
gen binding and platelet aggregation— another 
m echanism  through which platelets contribute to 
prim ary haemostasis. H aem accel inhibited the aggre
gation that occurred in response to all these agonists 
and  increased the reversibility of the response. 
G elofusine did no t produce the same effect. T h e  
effect o f Gelofusine on the aggregation induced by all 
agents o ther than ristocetin was slight, and  although 
there was significant inhibition of the early aggrega
tion induced by A D P this was m atched by a slight 
potentiation  o f the aggregation induced by epineph
rine. T h e  different results obtained for the two gelatin 
preparations appeared to  be largely, bu t no t entirely, 
due to the presence of a high concentration of C a2+ in 
H aem accel.

T here are reports that gelatin-containing resuscita
tion fluids can inhibit platelet aggregation910 but, until 
now , there have been no direct com parative evalua
tions of the antiplatelet effects o f C a2+-containing vs 
non -C a2+-containing preparations. Infusion of 
G elofusine during cardiopulm onary bypass in m an 
can lead to a reduced platelet response to 
Gelofusine14, bu t it is no t known how  the fluids affect 
the different pathways leading to platelet aggregation.

Stibbe and colleagues studied the effects o f several 
gelatin plasm a substitutes on  the platelet aggregation 
in platelet-rich plasma induced by A D P, collagen and 
epinephrine.10 H aem accel always inhibited the aggre
gation induced by all these agents whereas aggrega
tion was enhanced by som e o ther gelatin 
preparations. O ur own experim ents extend these 
observations to whole b lood, emphasize tha t differ
en t results may be obtained with different types of 
gelatin colloids, and dem onstrate tha t the presence of 
high concentrations• o f C a2+ in H aem accel increases 
the inhibition o f aggregation seen using a range o f 
platelet agonists. T h e  inhibitory effects o f H aem accel 
on  platelet aggregation induced  by agents tha t act 
through glycoprotein Ilb /IIIa  and  fibrinogen seem 
largely to be attributable to  its high C a2+ content, bu t 
som e o f the inhibitory effect m ay lie w ith its gelatin 
com ponent, polygeline, which differs from  succinyl- 
ated gelatin, the gelatin com ponent o f G elofusine.15

As H aem accel inhibits the platelet aggregation 
induced  by a range o f agonists in addition to risto
cetin, its adm inistration  could have an additional 
detrim ental effect on prim ary haem ostasis. O n the 
o ther hand , agents th a t inhibit p latelet aggregation 
can reduce the tendency to throm bosis, and in an 
anim al m odel, platelet th rom bus form ation was sig
nificantly im paired after H aem accel infusion.16 
Agents th a t specifically block platelet aggregation by 
interfering with the ability o f fibrinogen to b ind to 
glycoprotein Ilb /IIIa  receptors are being developed 
for use as antithrom botic agents in m an.

W e believe that further studies o f gelatin-containing 
colloids are warranted to determ ine their potential for 
increasing bleeding after large-volume blood replace
m ent. I t m ight be im portan t to balance this effect 
against the perceived need to restore calcium lost as a 
result o f hypovolaem ic traum atic  shock. T h ere  may 
also be a case for further study o f circum stances in 
which the inhibitory effects o f such fluids on platelet 
aggregation could be beneficial. F o r exam ple, an i.v. 
fluid with antiaggregatory properties m ight benefit 
traum a patients who have underperfused  hypostatic
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capillary beds, by prom oting blood flow and enhanc
ing organ perfusion and tissue oxygenation. Similarly, 
inhibition of platelet aggregation could  provide a 
degree o f protection from  throm bosis. H ow ever, 
w hether these possible benefits w ould outw eigh the 
potential for an increase in bleeding in the traum a 
patien t rem ains to be proven.
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F lu id  R e s u s c i t a t i o n  in A&E D e p a r t m e n t s  - W h o  u s e s  W h a t  a n d  W h y ?
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I n t r o d u c t i o n

The choice of fluid for resuscitation for victims of trauma remains controversial. 
Research suggests that some solutions are associated with poorer outcomes' *. 
Both crystalloids and colloids are regularly used to treat these patients in Accident 
and Emergency departments throughout the U.K. and Ireland. We sought to

determine the factors that lead senior Accident and Emergency clinicians to 
choose a particular resuscitation fluid, the volumes they use and the 
complications they have experienced using these fluids.

Methods
An anonymous questionnaire was send to all clinicians who 
were, in 1996, Accident and Emergency Consultants in the U.K. 
or Ireland Using the 1996 BAEM directory and the Department 
of Health as reference sources, a total of 459 consultants were 
identified

R e su l t s

The response rate was 81.9% (378/459), and of these 70% work in 
a district general hospital. 84% of teaching hospital respondents and 
77% of district general hospital respondents have departmental 
guidelines on fluid resuscitation However clinical practice varies 
considerably. Crystalloids are used as the primary resuscitation fluid 
in adults by 74.3% and colloids by 23,9°.. The primary resuscitation 
fksd used m trauma resuscitation in acMts and chttten is shown in Fig 1.

The volumes of fluid used prior to commencing blood transfusion in 
adults ranged from 500-4000mls Although the volumes infused will 
depend on local factors, including use of rapid fluid infusion sets and 
the time for blood to become available, the results show significant 
variations in clinical practice. The results are shown in Fig 2.

Consultants who use colloid were asked what factors influenced their 
decision to choose a particular colloid (See Fig 3).

It is interesting lo note that the same reasons were given for choosing 
colloids with significantly different electrolyte constituents. Both 
Gelofusine and Haemaccel were selected on the basis of “Hospital 
policy' by some respondents.
When laced with a patient with a severe lung parenchymal injury, 28% 
of consultants would change their choice of initial fluid These changes 
are shown in fig 4.

Similarly, when faced with a patient with a severe head injury, 13% of 
consultants would change their choice of initial fluid These changes are 
shown in fig 5.

The variations in fluid use noted in trauma patients are also seen in both 
adult and child bums patients. Interestingly, albumin is the number one 
choice of fluid in children but not in adults. The questionnaire was 
answered prior to the publication of the review on the use of albumin' 
(see Fig 6).

Flg» Ctiofcv or Hum In

A c c e s s  t o  B l p o p

All Accident and Emergency departments receiving major 
trauma must have ready access to blood Some 
departments have significant problems when cross-matched 
blood is urgently required (see Fig 7).

Fig 7 How oKMi do you n n m  4vM 
rocoMng crooomwrtod btooo <X|

A l l e r g i c  R e a c t i o n s

Although 8.8% of consultants noted the development of an 

allergic reaction to a colloid in a patient they were treating, 

only 39.3% of incidents were reported to the Committee on 

Safety of Medicines. Similarly, only 20% of the reactions to 
blood noted by 11% of consultants were reported. The 

severity of these reactions was not requested in the 
questionnaire, and these episodes may vary from the very 
mild to life-threatening incidents.

1 Fluid rggutcitwion with conoid oc cryotoltad r  crmcofy a  ponorm: ■ 
systematic review of randomised male Schierriom G. RoOerts I.

BMJ 1996. 316-961-4 
2. Human afcunwi administration in cridcaly 1 patients, systemic tavtew of 

rwidomised oomrodad trals. Cochrane Injuries Group Mwnvn Reviewers 

BMJ 1966. 317:236-240
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The Leicester Royal Infirmary NHS Trust

C o n c l u s i o n

Despite the majority of departm ents having guidelines for fluid resuscitation, clinical practice shows 
significant variations both in term s of the quantity and type of solutions used to resuscitate trauma and 
burns patients.
Although crystalloid is the preferred type of fluid for traum a resuscitation by A&E Consultants, it is clear 
there is no c o n sen su s  on the m ost appropriate fluid for resuscitation in either trauma or burns. This 
applies equally to the resuscitation of both adults and children. The recent Cochrane report on the use of 
Albumin may result in changes in clinical practice in Accident and Emergency departm ents. Further

research is indicated to  determine the ideal resuscitation fluid in traum a and burns in the immediate 
post-injury phase.
The quoted rates of allergic reaction to colloid may not reflect the true incidence due to under-reporting 
All incidents should be reported in order to obtain a true figure for allergic reactions to colloids.
Some departm ents have serious recurring problem s obtaining crossm atched  blood In an appropriate 
timeframe. Group O -ve and cross-m atched blood m ust be readily available in all departm ents receiving 
multi-trauma patients.
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Table 1-1

A D P Collagen Adrenaline Ristocetin C a-' ;\ hr *

W hole blood 53 (9; 91 (1) 38 (5) 28 (V, 1.16 0 .4 1)
Plasma 55 (9) 57 (12;* 1 9 (3 ;* 13 (5) 1.16 0 .50
Saline 69 (4) + SO (7) 35 (6) + 65 (11) + 0.77 + 0 .3 0  +
H aem accel 32 (7 )+ 42 (11) 11 (2) + ~ 8 ( 3 )  + 2.88 + 0 .3 6 +
Gelofusine 82 (3) + 88 (2) + 45 (8) + 4 (3) 0.70-“- 0 .2 8  +
Albumin 70 (4) + 7 4 (5 )  r 2 6 ( 5 )  + 3S (11) + 0.67  + 0 .2 6 +

*p <0.05 cf w hole blood. + p < 0 .05 cf dilution with autologous plasma.

fashion from  w hich a list of all the injuries 
sustained  was p repared , enabling  them  to be 
scored using  the A bbreviated In ju ry  Scale 
(1990 revision).

O ne hu n d red  and fifty nine deaths (122 
m ale, 37 fem ale) occurred  during  the five year 
period. V arious'form s o f “ hum an erro r” were 
im plicated in causing the  m ajority o f deaths, 
w hich included com binations o f the following: 
excessively fast driving, driving un d er the 
influence o f alcohol, attem pting  dangerous 
overtaking m anoeuvres and  failure to wear an 
available seat belt. M o st o f those who died 
were found  dead at scene. T h ere  were 72 peo
ple w ith unsurvivable injuries (AIS = 6, Injury 
Severity Score = 75) causing im m ediate death 
at scene, which m ainly involved injury to the 
brain , b rainstem , thoracic  aorta  and  upper 
spinal cord.

T h e  results o f this study confirm  the 
continuing role o f road  traffic collisions in 
causing prem atu re  death  in sou th  east Scot
land. T h e  predom inance o f prehospital deaths 
and the frequency o f unsurvivable injury 
underlines the im portance  o f in jury  preven
tion  m easures in the fu tu re prevention o f such 
deaths. G iven the background  to m any of the 
collisions it is clear th a t efforts need  to be 
aim ed at changing the  behaviour o f bo th  car 
drivers and  their passengers.

Intravenous fluid use in accident and 
emergency departments: effects o f pub
lished studies in medical literature
E C CROWHURST, N O ’CONNOR, P A EVANS 

Accident and Emergency Department, Leicester 
Royal Infirm ary N H S  Trust, Leicester 
L E I S W W

Background and methods—In view o f the 
con tinu ing  controversy over the  safety o f 
colloids and album in since the m eta-analyses 
published in the British Medical Journal in 
1998 we sought to assess prescrib ing  practice 
by m eans o f postal questionnaires. T h ese  were 
sen t to all accident an d  em ergency (A&E) 
consu ltan ts (459) in the  U K  and R epublic of 
Ireland  around  the tim e of the first m eta 
analysis w ith a follow u p  in 1999. Sim ilar 
questionnaires were th en  sent to all consu lt

ants in b u rn s  un its (205) and intensive 
rherapy u n its (IT U s) (1444). In  the A&E su r
vey consu ltan ts chose the one fluid they w ould 
use: for b u rn s  and  IT U , they ranked  fluids 
(1 =first choice, e tc ) . 1
Results— Overall response rates: 88%  initial 
and  64%  follow up  A&E surveys, 55%  burns 
and  IT U  surveys. F o r traum a: A&E
consu ltan ts p refe rred  crystalloids: R inger’s 
lactate (46%  adults, 43%  ch ild ren), norm al 
saline (25%  adults, 23%  children). In  IT U s 
the first choice was G elofusine (m ean rank 
4.6) in adu lts and  n o rm al saline (4.5) in 
children . F o r bu rns: In  adults: A&E con
su ltan ts p refe rred  crystalloids: R inger’s lactate 
(37% ), n o rm al saline (25% ). F o r ch ildren  and 
all ages a t the  b u rn s  unit: a lbum in  is the 
p referred  fluid (34%  for ch ildren  at A&E, 
rank  o rders 4 .0  ad u lt, 4.5  ch ildren  at burns 
u n it).
Conclusions— Since th e  m eta-analyses consu lt
ants have changed  th e ir  practice. T h o se  who 
have sto p p ed  using  colloids: in A&E for 
traum a: 11%  adu lts, 13% children . In IT U  
practice: 1.5%  adu lts and  1.7% children. For 
b u rn s  in A&E: 13% adults, 14% children. At 
b u rn s  units: 7%  changed  their practice in view 
o f the colloid m eta-analysis. T h o se  who have 
stopped  using  album in : in A&E for traum a: 
1.7% adu lts, 7 .2%  ch ild ren . In  IT U  practice: 
31%  adu lts, 18% ch ild ren . F or b u rn s in A&E: 
12% adu lts, 16% child ren . A t b u rn s  units: 
14% changed  their p ractice in view o f the 
album in  m eta-analysis. T h u s  the published 
m eta-analyses have h ad  a m arked im pact on 
in travenous fluid use resulting  in a significant 
redu c tio n  in the use o f  these fluids in clinical 
practice.

S tu d ie s  o n  th e  e ffe c ts  o f  r e s u s c i ta t io n  f lu 
id s  on  p la te le t  a g g re g a t io n  in  v i t ro
E C CROW’HURST, J GLENN, S HEPTINSTALL, P A 

EVANS \
Accident and Emergency Department, Leicester 
Royal In firm ary N H S  Trust, Leicester 
L E I 5 W W '

C ontinu ing  controversy  exists over fluids used 
for traum a and  b u rn s  an d  their haem ostatic  
effects. In  th is study, effects on p la te le t aggre
gation w ere d e te rm in ed  in w'hole b lood  and  
com pared  w ith results o b ta ined  after diluting 
b lood w ith au to logous p lasm a. T h is  acted as a 
non-crystallo id , n o n-syn thetic  colloid control.

T he fluids or p lasm a were added to hirudi- 
nised w hole b lood from  volunteers (n=10) in 
the ratio 2:3 (to m odel the ATLS protocol). 
Aggregation was m easured  in response to ADP, 
collagen, adrenaline an d  ristocetin. Results 
were com pared  with those for und ilu ted  blood 
and expressed as m ean  (SEMV percentage 
aggregation. Ionised M g ’* and C a !* were 
m easured using an AVT Analyser (table 14).

Reducing the cell co u n t b y  add ing  autolo
gous plasm a to whole b lood, reduced  aggrega
tion in response to collagen and adrenaline, bu t 
no t ADP. Saline and  Gelofusine enhanced 
aggregation in response to ADP, collagen and 
adrenaline, possibly as a consequence o f 
lowered C aJ*. H aem accel always inhibited 
aggregation further, probably th rough  in
creased C a2* and, like G elofusine, abolished 
ristocetin induced responses. C om pared  with 
saline and  G elofusine, album in usually limited 
enhancem ent of aggregation consequent to 
creating a low C a2* environm ent. T herefore we 
anticipate that the effects of these fluids in 
clinical practice will depend  largely on  the 
extent o f changes in b lood  cell counts and the 
rapidity w ith which hom eostatic m echanism s 
correct accom panying changes in plasm a C a2\

irfTj.inlaev’.com
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W HOLE BLOOD PLATELET AGGREGATION 
DETERM INED USING A PLATELET 
COUNTING TECHNIQUE: A UNIVERSAL TOOL 
FO R STUDIES IN MAN

S.R. Cockbill1, E.C. Crowhurst2, P.A. Evans2, S.C. 
Fox1, E. Glusa3, J.R. Glenn1, S. Krause?, S. 
Heptinstall1, J  A . May1, W. Losche3, P. Spangenberg4, 
R.F. Storey1, J. Vickers4, A. White1

1 Centre fo r  Vascular Research, University o f  
Nottingham; a n d 2 Department o f Surgery, University 
o f Leicester, UK; 3 Friedrich-Schiller-Universitat Jena, 
Zentrumfiir Vaskulare Biologie und Medizin, Erfurt; 
and 4 Fachbereich Medizintechnik, Fachhochschule 
Jena, Germany

Measurement of platelet aggregation in whole blood using a 
platelet counting technique has been performed routinely in the 
Universities of Nottingham, Leicester and Jena and the 
Fachhochschule Jena for almost two decades. Despite this, the 
approach is not used universally. The purpose of this presenta
tion is to remind those involved in platelet research that platelet 
aggregation in whole blood using a platelet counting technique 
(1) provides a highly sensitive and close to physiological means 
of studying the aggregation process, (2) is easy to perform, and 
(3) sometimes provides information that cannot be obtained 
using other approaches. Further, the technique can be used in 
conjunction with flow cytometric analyses of platelet and 
leucocyte activation.

Highly sensitive: Platelet aggregation is measured by 
determining the fall in the number of single platelets in stirred 
whole blood. Samples are fixed and counted using an 
appropriate whole blood platelet counter. Even formation of 
small microaggregates results in an extensive fall in platelet 
count, unlike, for example, studies in PRP (light absorbance) or 
whole blood (impedance) which are only sensitive to 
macroaggregation.

Physiological: The effects of red cells and white cells on 
platelet aggregation should not be under-estimated. Studies in 
whole blood allow the influence of these cell types to be 
assessed, which is not the case in PRP. Appropriate choice of 
anticoagulant (or none) can ensure maintenance of near- 
physiological conditions.

Easy to perform: Using a standard stirring device and a 
common fixing solution, the blood can be treated in the same 
way in different centres. It is hoped that whole blood cell 
analysers will also be available quite soon.

New information obtained: A search through the published 
literature reveals numerous examples of new information 
obtained using this approach. Examples include: pharmaco
logical studies of serotonin-antagonists; effects of SH-blocking 
reagents on platelet function; studies of ‘spontaneous’ platelet 
aggregation in physiological and pathological conditions; 
inhibitory effects of dipyridamole; easy detection of hetero
zygous Glanzmann’s thrombasthenia; detection of marked 
platelet hyperactivity in a patient studied just prior to having a 
stroke; effects of glucose on platelet aggregation; enhanced 
platelet aggregation in the presence of streptokinase or some 
radiographic contrast media; and the inhibitory effects of 
aspirin, dipyridamole, ticlopidine, clopidogrel, direct acting P2T 
antagonists, GPIIb/IIIa antagonists, GTN and certain infusion 
fluids.

Studies of platelet and leucocyte activation: Flow cyto
metric analyses of the same samples used for studies of platelet 
aggregation reveal further quantitative information on platelet- 
leucocyte conjugate formation and the level of activation of 
individual cell types.

COM PARATIVE STUDIES ON PLATELET 
FUNCTION AND HAEMOSTASIS IN PATIENTS 
UNDERGOING SURGICAL TRAUM A: EFFECTS 
O F FOUR INTRAVENOUS FLUIDS IN PATIENTS 
UNDERGOING HIP REPLACEM ENT: A 
PRO SPECTIV E DOUBLE-BLIND RANDOM ISED 
STUDY

E.C. Crowhurst1, S.J. Davidson2, J.R. Glenn3, H.M. 
Sanderson3, S. Heptinstall3, W. Madira4, P.A. Evans1

1 Accident and Emergency Department, Leicester Royal 
Infirm an, Leicester; 2 Department o f Haematology, 
Royal Brompton Hospital, London; J Centre for  
Vascular Research, School o f Medical and Surgical 
Sciences, University o f Nottingham; a n d 4 Department 
o f Chemical Pathology, Leicester Royal Infirmary, 
Leicester, UK

Investigations were performed on the effects of four different 
intravenous fluids on platelet aggregation, platelet expression 
of surface glycoproteins and measures of coagulation as well as 
bleeding time and post-operative blood loss. We studied 55 
patients undergoing primary total hip arthroplasty. Two litres of 
4.5% human albumin, Gelofusine, Haemaccel or saline were 
given during the operation. Blood was taken and bleeding time 
performed after induction of anaesthetic before start of surgery 
(PRE), at the end of surgery (POST) and 2 h after the end of 
surgery (LAST). Hirudinised whole blood was stimulated with 
varying concentrations of adenosine diphosphate (ADP), 
collagen, adrenaline and ristocetin for appropriate times before 
fixation. Platelet aggregation was then determined by counting 
fixed single platelets.

Gelofusine and Haemaccel completely abolished aggrega
tion in response to ristocetin at the POST (/?<0.001 and 
p=0.001) and LAST (p=0.001 and p - 0.006) time points. 
Albumin inhibited collagen-induced aggregation (p=0.004 at 
POST and p=0.006 at LAST time points). All fluids slightly but 
significantly inhibited ADP- and adrenaline-induced aggrega
tion at both POST and LAST time points (p=0.042 or below). 
The effects on adrenaline-induced aggregation may be due to 
downregulation of catecholamine receptors in the face of 
elevated plasma catecholamines due to the operative trauma. 
We found no significant alteration in platelet surface glycopro
tein expression.

There were persistent elevations in prothrombin FI+2 
complex and thrombin/antithrombin III complexes (p<0.0017 
and p<0.0013 for all fluids) indicating that the operative trauma 
had activated the coagulation system. However there was a 
reduction in fibrinogen and elevation of INR for all fluids 
(/?<0.0146 and p<0.0125), and persistent reduction of factor 
XIII for the colloid fluids (p<0.0077). APTT and factor VIII 
activity only fell at the POST time point when colloid fluids 
were used (p<0.0105 and p<0.0166).

All the colloid fluids increased bleeding time (/?<0.0324) but 
this was only at the POST time point, returning back to baseline 
by the LAST time point. It is difficult to explain this transient 
effect in terms of alteration in platelet function, as those 
changes were persistent. We failed to find any significant 
difference in post-operative blood loss between the groups.

Overall colloid fluids inhibit certain aspects of platelet 
function and the coagulation system. This may be clinically 
useful as operative trauma is associated with a pro-thrombotic 
state.
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STUDIES ON THE EFFECTS OF 
RESUSCITATION FLUIDS ON PLATELET 
AGGREGATION IN VITRO

E. Crowhurst1, S. Heptinstall2, J.R. Glenn2, P.A. 
Evans1

1 Accident and Emergency Department, Leicester Royal 
Infirmary, Leicester; and 2 Centre fo r  Vascular 
Research, School o f Medical and Surgical Sciences, 
University o f Nottingham, UK

These studies were performed as a prelude to a clinical study in 
which four different fluids were administered to patients 
undergoing total hip replacement and in which the effects of the 
fluids on platelet aggregation and haemostasis were to be 
investigated. The fluids were saline, Haemaccel, Gelofusine 
and albumin. For these in vitro studies the effects on platelet 
aggregation were determined in whole blood and compared 
with results obtained after diluting the blood with autologous 
plasma. The eventual aim was to obtain data in vitro that might 
help explain results that would be obtained ex vivo after 
administering the agents to man.

Blood was collected into hirudin as anticoagulant. The fluids 
or plasma were added to whole blood in the ratio 2:3 and 
aggregation responses were measured in response to ADP, 
collagen, adrenaline and ristocetin by whole blood platelet 
aggregometry using a platelet counting technique. Percentage 
aggregation was expressed as percentage fall in platelet count. 
The results were compared with those for undiluted whole 
blood. A full set of data was obtained using blood from 10 
different volunteers and expressed as mean (SEM). Plasma 
Mg2+ and Ca2+ were measured using an AVL Analyser.

ADP Collagen Adrenaline Ristocetin Ca2* Mg2*

Whole blood 58 (9) 91 (1) 38 (5) 28 (9) 1.16 0.46
Plasma 55 (9) 57 (12)* 19 (3)* 13(5) 1.16 0.50
Saline 69 (4)+ 80 (7) 35 (6)+ 65 (11)+ 0.77+ 0.30+
Haemaccel 32 (7)+ 42(11) 11 (2)+ -8  (3)+ 2.88+ 0.36+
Gelofusine 82 (3)+ 88 (2)+ 45 (8)+ 4(3) 0.70+ 0.28+
Albumin 70 (4)+ 74(5) 26 (5)+ 38 (11)+ 0.67+ 0.26+

' f x 0.05 cf. whole blood; +p<0.05 cf. dilution with autologous plasma.

Adding autologous plasma to whole blood, and thereby 
reducing the cell count, reduced the aggregation responses to 
collagen and adrenaline, but not ADP. Saline and Gelofusine 
enhanced the aggregation responses to ADP, collagen and 
adrenaline, possibly as a consequence of lowered Ca2+. 
Haemaccel always inhibited the aggregation further probably 
through increased Ca2+ and, like Gelofusine, abolished respon
ses to ristocetin. Compared with saline and Gelofusine, 
albumin usually limited the enhancement of the aggregation 
response consequent to creating a low Ca2+ environment. As a 
result of these findings we anticipated that the effects of these 
agents on platelet aggregation in man would largely depend on 
the extent of the changes in blood cell counts and the rapidity 
with which homeostatic mechanisms corrected the changes in 
plasma Ca2+ that would accompany the various infusions.

M ECHANISM  FOR ENHANCED 
PHOSPHORYLATION OF TH E PLATELET 
PLASMA MEMBRANE C a2+-ATPase IN 
HYPERTENSION

W.L. Dean, M. Zabe, K.A. Blankenship, T.D. 
Cummins

Department o f Biochemistry and Molecular Biology, 
University o f Louisville School o f Medicine, Louisville, 
Kentucky, USA

Intracellular Ca2+ is increased in the platelets of hypertensive 
individuals. Previously, we demonstrated that platelet plasma 
membrane Ca2v-ATPase (PMCA) activity inversely correlates 
with diastolic blood pressure and that inhibition of this Ca2+- 
pump could explain the elevation of cytosolic Ca2+ in 
hypertension. More recently, we discovered that PMCA is 
phosphorylated on tyrosine residues during thrombin-stimu
lated platelet aggregation and this phosphorylation causes 
inhibition of PMCA activity. In the present work, we tested the 
hypothesis that tyrosine phosphorylation of PMCA in hyper
tensive patients accounts for the observed inhibition of the 
Ca2+-pump. Platelets were obtained from untreated hyper
tensive and normotensive volunteers. PMCA was immunopre- 
cipitated from solubilized platelets and tyrosine phosphoryla
tion was quantified by chemiluminescence of immunoblots 
treated with anti-phosphotyrosine. PMCA content was meas
ured on the same immunoblots by stripping and reprobing with 
anti-PMCA. The average PMCA tyrosine phosphorylation for 
15 normotensive subjects (reported as normalized phosphotyr- 
osine chemiluminescence/ng PMCA) was 0.53±0.09, while the 
average for eight hypertensive individuals was 1.82±0.25 
(P<0.0005, Mann-Whitney U test). Age, gender, and systolic 
blood pressure did not correlate with PMCA phosphorylation. 
These results suggest that PMCA in platelets of hypertensive 
individuals is inhibited due to tyrosine phosphorylation result
ing in increased platelet intracellular Ca2+, hyperactive plate
lets, and increased risk for heart attack and stroke.

We next investigated the mechanism of enhanced tyrosine 
phosphorylation of PMCA in hypertension. Addition of plasma 
obtained from untreated hypertensives to platelets isolated from 
normotensive volunteers resulted in an increase in intracellular 
Ca2+ within 1 min and an increase in PMCA tyrosine 
phosphorylation when compared to platelets mixed with 
plasma obtained from a normotensive individual. PMCA 
phosphorylation after addition of plasma reached a maximum 
at 30 min, decreased at 60 min, but did not return to baseline 
levels. Co-immunoprecipitation experiments indicate that the 
non-receptor tyrosine kinases Src and Yes are associated with 
PMCA in resting and activated platelets. These results suggest 
that a factor present in the plasma of hypertensives interacts 
with platelets causing enhanced tyrosine phosphorylation of 
PMCA resulting in inhibition of PMCA and increased cytosolic 
Ca2+. PMCA tyrosine phosphorylation may be catalysed by 
closely associated Src or Yes.

(This work was supported by a grant from the Jewish 
Hospital Foundation (W.L.D.), grant #9750039N from the 
American Heart Association (W.L.D.), and a Postdoctoral 
Fellowship from the Kentucky Affiliate of the American Heart 
Association (K.A.B.).
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Summary A prospective randomized double-blind study was 
performed to determine the effects of three colloids, Haemaccel, 
Gelofusine and albumin, and also saline on platelet activation, 
platelet aggregation (induced by adenosine diphosphate (ADP), 
epinephrine, collagen) platelet agglutination by ristocetin and 
other hemostatic variables in 55 patients undergoing primary 
unilateral total hip replacement. The fluids were administered 
according to normal clinical practice and assessments were made 
immediately before, at the end, and 2 h after the end of surgery. 
Surgery was accompanied by thrombin generation '"’"''reases 
in thrombin/antithrombir TTT complex, prothrombu . - 2 frag
ment) platelet activation TG) and compromised coagulation. 
Generally, the platelet activation appeared to result in platelet 
desensitization and brought about a persistent reduction in plate
let aggregation to ADP and epinephrine, irrespective of the fluid 
used. Additionally, Haemaccel and Gelofusine inhibited ristoce
tin-induced platelet agglutination and albumin inhibited col
lagen-induced platelet aggregation. Gross inhibitory effects of 
Haemaccel that had been predicted from an earlier in vitrt study 
did not occur. Particular fluids had selective additional effects on 
the hemostatic system. Albumin infusion served to maintain 
plasma albumin at normal concentrations postsurgery. The two 
gelatin preparations, Haemaccel and Gelofusine, maintained 
plasma viscosity. All three colloids led to a transient increase 
in activated partial thromboplastin time postsurgery and also a 
transient fall in the concentration of factor VIE, which were 
accompanied by a transient increase in bleeding time, but there 
was no measurable increase in blood loss. Inhibition of platelet
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aggregation by certain colloids may provide additional protection 
against the increased thrombotic risk in patients following major 
surgery.

Keyword;; bleeding time, coagulation, hemostasis, hip arthro
plasty, intravenous fluids, platelet aggregation.

Introduction

Major surgery is always associated with administration of 
intravenous fluids to maintain blood volume, blood pressure 
and tissue perfusion. Several different types of fluid are used 
including crystalloids such as saline, or colloids such as Hae
maccel, Gelofusine and albumin. There is continuing debate as 
to which fluids should be used in terms of their potential for 
enhancing blood loss and/or protection against postsurgical 
thrombosis [1-9]. The results of a previous study [8] performed 
wholly in vitro suggested that Haemaccel, in particular, might 
affect hemostasis and thrombosis through pronounced inhibi
tion of platelet aggregation as a consequence of the high levels 
of ionized calcium present in the preparation (6.25 mmol l ‘ ) 
[10]. We conducted a prospective randomized double-blind 
study to determine the effects of four different fluids adminis
tered during hip surgery on platelet aggregation and other 
hemostatic parameters. The effects of the fluids on bleeding 
time (BT) and blood loss were also monitored. Assessments 
were made immediately before surgery (Pre), at the end of 
surgery (Post) and 2 hours after the end of surgery (Last).

Patients and methods

Patients and procedures

After obtaining local ethics committee approval and inform
ed consent, we randomized consecutive eligible patients
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undergoing primary unilateral cemented total hip replacement 
in a prospective randomized double-blind study to receive either 
albumin (4.5% w/v human serum albumin; BPL, Elstree, UK;

= 13), Gelofusine (4% w/v succinylated gelatin; B Braun 
Medical, Sheffield, UK = 14), Haemaccel (3.5% w/v polyge- 
line with 6.25 mmol l.' 1 calcium; Beacon Pharmaceuticals, 
Tunbridge Wells, UK; = 14), or saline (0.9% w/v sodium 
chloride; Baxter Health Care, Thetford, UK; = 14). Rando
mization was achieved by the use of numbered envelopes. Data 
for one patient (randomized to albumin) were incomplete and 
excluded from the analysis.

Following randomization, the patient groups were as fol
lows: albumin group (3M, 10F; median age 69.2 years; med
ian body weight 66 kg); Gelofusine group (7M, 7F; median 
age 73.9 years; median bodyweight 75.8 kg); Haemaccel 
group (4M, 10F; median age 73.8 years; median bodyweight 
77.8 kg); and saline group (11M, 3F; median age 69.1 years; 
median bodyweight 82.3 kg). There were no significant diffe
rences in ASA grade, initial ionized calcium and magnesium 
concentrations, serum albumin concentrations or hematocrit 
when classified by fluid group. Crosstabulation of sex, ABO 
blood group and Rhesus blood group showed no significant 
bias for either of the blood groups but a significant bias for 
sex.

Patients were not included in the study if there was a pre
existing defect in platelet function or coagulation, or if they 
were on warfarin or heparin therapy or on aspirin that could not 
be stopped for 2 weeks prior to the operation. No nonsteroidal 
agents were given on the morning of surgery, and low molecular 
weight heparin prophylaxis was given on the evening after 
surgery as was the normal practice in the Orthopaedic Unit. This 
was after all blood samples had been taken for the study 
reported here.

All patients received a standard general anesthetic compris
ing temazeoam (10-20 mg) premedication and propofol (2.0-
2.5 mg kg' ), and were maintained with isoflurane and nitrous 
oxide (1.0-2.5% isoflurane in nitrous oxide with 20-30% 
oxygen), to avoid effects of the anesthetic on BT and platelet 
function [11].

Immediately prior to surgery a dedicated 16G venous cannula 
was inserted and 56 mL blood taken into a polypropylene 
syringe and distributed as follows: 15 mL into a tube (Bibby 
Sterilin Ltd, Stone, UK) containing 15< L recombinant hirudin 
(Revas ™ , a gift from Novartis, Famborough, UK, final 
concentration 5i g mU ) for platelet aggregometry; 2.7 mL 
into a tube containing EDTA (Sarstedt, Leicester, UK) for a full 
blood count (FBC); 4mL into a tube (Sarstedt) containing
0.106 mol L  1 citrate (achieving a final dilution ratio 1 part 
citrate: 4 parts blood) for plasma viscosity (PV); 11 mL into 
tubes (Sarstedt) containing lithium-heparin; 9.4 mL into serum 
gel tubes (Sarstedt) containing kaolin-coated beads for urea and 
electrolytes, calcium, and albumin; 9 mL into tubes (Sarstedt) 
containing 0.106 mol l /  1 citrate for coagulation tests; 4.5 mL 
into a CTAD tube containing a mixture of sodium citrate/citric 
acid supplemented with the platelet aggregation inhibitors 
theophylline, adenosine and dipyridamole (Becton Dickinson,

Cowley, UK) for me?c,,~*nent of platelet factor 4 (PF4) and 
beta-thromboglobulin TG).

The citrate tubes and CTAD tubes were centrifuged at 
250 > g for 30 min at 1 C. Plasma was then aspirated and 
frozen. These were then stored i - 8( C. Ionized calcium and 
magnesium were measured from the lithium-heparin sample on 
an AVL 988-4 analyzer. The hirudinized sample was placed in 
a flask at 3' C for transport and then in a water bath at the 
same temperature. Those for FBC and PV were kept at room 
temperature whilst the others were placed on ice.

The patient was transferred to the operating room and one 
arm placed on an arm board, with continuous monitoring of 
skin-surface temperature. Under the influence of an arm cuff 
inflated to 40 mmHg, a BT determination was performed using 
Simplate HR device (Organon-Teknika, Cambridge, UK) [12], 
with the cuts arranged longitudinally on the forearm. This 
determination and blood sample constituted the Pre timepoint. 
The determination of BT was always performed by the same 
investigator.

Surgery then commenced and 2 L fluid infused during the 
operative period, the fluid choice of either saline, Haemaccel, 
Gelofusine or 4.5% human albumin being determined by the 
contents of the sealed envelope, and set up by an independent 
operator and covered with an opaque black bag. The amount of 
fluid used (2L) corresponds to ATLS guidelines for fluid 
administration [13].

Repeat BT was performed and a further 56-mL blood re
moved from the cannula following skin closure (approximately 
1 h after initiation of surgery). These determinations were the 
Post timepoint.

Two hours later, BT and blood sampling were repeated this 
being the Last timepoint. Following this final sampling, non
steroidal analgesics and/or blood were given as required. 
Transfusion requirements were noted, as were the effects of 
these upon hemoglobin and hematocrit as assessed by the usual 
standard postoperative checks on full blood count.

Blood loss in theatre was determined by volume of blood and 
fluids in suction containers, blood on swabs, and volume of 
washing solutions used. The nursing staff on the wards, using a 
dedicated protocol sheet with set timepoints, noted postopera
tive blood loss into the drains. This was part of the usual 
recording of wound drainage, which had been ongoing for 
the previous year.

Platelet function

Platelet function tests began 30 min after sampling from the 
patient. Platelet aggregation/agglutination in whole blood was 
measured using the platelet-counting technique described by 
Fox et a . [14] and the fixation technique described by Bevan 
and Heptinstall [15]. Blood (48i L) was added to LP3 poly
styrene tubes (LIP Equipment and Services Ltd. Shipley, UK) 
containing 2i L of varying concentrations of agonist, and the 
sample placed in a multisample agitator operating at 3' C. At 
appropriate timepoints, 1 mL fixative solution was added. Pla
telet counting was performed using an Ultra-FlolOO Whole
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Blood Platelet Counter within 24 h. Percentage aggregation/ 
agglutination was expressed as the percentage fall in the number 
of single platelets compared with the starting count. Results 
were expressed as response curves to increasing agonist dose. 
Mean values were plotted for each agonist concentration. The 
following agonist concentrations and timepoints were used: 
adenosine i '  diphosphate (ADP) 0.3, 1.0, 3.0, H m oli/ ', 
reaction stooped at 2 min; collagen 0.25, 0.5, 1.0, 2.0.
41 gn u / .reaction stopped at 2 min: epinephrine; m o li/ 1
- 0. mol lS ’ ADP, epinephrine 1 < mol iS - 0. mol i /  1 
ADP, and epinephrine 3( mol 1/  - 0. mol i /  ADP, reac
tion stopped at 4 min; ristocetin 0.6, 0.8, 1.0, 1.2,1.4 mg m i/ ', 
reaction stopped at 4 min.

Collagen was obtained from Nycomed (Munich, Germany). 
Ristocetin was obtained from Forum Products Ltd (Redhill, 
Surrey, UK), and ADP (as sodium salt) and epinephrine 
were obtained from the Sigma Chemical Co (Poole, Dorset. 
UK). The platelet fixative solution contained 150 mmol i /  1 
NaCl, 4.6 mmol 1/  1 N. EDTA, 4.5 mmol i / 1 N. HPC ., 
1.6 mmol i /  KI P( 4 and 0.16% w/v formaldehyde, pH 7.4.

P late let activation

Platelet factor 4 (PF4) and beta-thromboglobulin TG) were 
measu”*'1 using, respectively, Asserachrom PF-4 and Assera- 
chrom TG enzyme immunoassay kits (Diagnostica Stago, 
Asri res, France). Absorbance for the enzyme immunoassays 
was measured using an Argus 300 microtitre plate reader.

O th er hem ostatic parameters

The activated partial thromboplastin time (APTT), prothrom
bin time (PT), factor (F)VIII and fibrinogen were measured on 
an MDA 180 analyzer (bioM rieux, Basingstoke, UK). Total

von Willebrand antigen was measured using a monoclonal 
antibody from Dako as part of an ELISA assay. FXIII was 
measured using an activity assay (Berichrom Dade Behring, 
Milton Keynes, UK) on a Cobas-Mira analyzer (ABX Diag
nostics, Bedfordshire, UK). Th™mbin/antithrombin III com
plex (TAT) and prothrombii . - 2 fragment were ••n âsured
using Enzygnost TAT micro and Enzygnosi , 1 - 2  micro 
enzyme ELISA immunoassay kits (Dade Behring, Milton 
Keynes, UK).

Other analyses (albumin, full blood count and plasma visc
osity) were measured routinely at the Leicester Royal Infirmary.

Statistical analysis

Platelet aggregation dose-response curves were compared by 
analysis of variance ANOV/) using SPSS. Other data were 
sometimes non-normally distributed and for consistency were 
always expressed as medians and analyzed by the non-para- 
metric Kruskal-Wallis test using UniStat 4 and S-plus 2000.

Results

For all three colloid fluids there was a significant prolongation 
of BT at the Post timepoint compared with the Pre timepoint, but 
no difference between Pre and Last (Table 1). No significant 
change in BT was seen in those patients receiving saline, and no 
significant differences were identified between the prolongation 
for albumin, Haemaccel or Gelofusine. A sex-based difference 
in BT has been reported [16] (females tending to have a longer 
BT than males), but although there was significant sex bias 
between the fluid groups in this study there was no significant 
difference in the baseline BTs.

There were no significant differences in median blood loss 
between the fluid groups (median total blood losses: albumin

Fluid group

Time Albumin Gelofusine Haemaccel Saline

Median bleeding time (BT) (min)
Pre 6.5 (5.2-7.8) 5.78 (5.0-6.9) 7.2 (5.4—8.8) 5.9 (4.8—6.5)
Post 10 (8.5-11.0) 11.8 (6.8-15.91 10.1 (8.0-12.71 7.0 (5.S-8.9/
Last ”» (5.2-7.8 f t 8 (5.0-10.C t 6.5 (5.0-8.5 t 6 (4.9-6.6)
Medial p-throm bo globulin TG) (IU mL )
Pre 47.5 (27.7-54.5) 58.6 (49.9-66.0) 39.3 (24.6-63.9) 43.8 (32.7-57.6)
Post 92.0 (70.5-117.5^ 75.5 (67.6-109.21 154.4 (83.0-202.31 76.1 (60.8-97.7)
Last 64.4 (51.5-183.2 | 81.7 (68.7-155.6 f 123.4 (84.4-193.7 f 51.8 (51.2-100.0)
Median platelet factor 4 (PF4) (IU nu , )
Pre 13.0 (9.0-36.7) 21.2 (10.5-29.9) 10.1 (6.7-25.8) 11.5 (8.9-18.3)
Post 17.5 (12.9-31.7) 20.0 (10.2-35.5) 37.2 (26.2-110.9) 14.8 (12.7-18.1)
Last 18.4 (9.5-32.61 44.0 (10.7-77.7) 25.9 (19.6-43.4) 17.0 (10.2-22.0)
Median VWF (UdL, )
Pre 75.1 (52.6-150.1) 100.8 (74.7-118.7) 90.8 (56.9-119.9) 70.4 (52.5-86.8)
Post 62.7 (49.2-129.9) 79.6 (72.9-104.2) 86.4 (70.8-107.7) 54.8 (45.4-78.6)
Last 65.9 (57.0-193.4) 105.4 (84.0-138.6) 94.4 (76.2-101.8) 71.0 (62.8-93.4)

Longitudinal comparison is of the time-points Pre (immediately prior tn surgery), Pnsr immediately 
after surgery) and Last (2 h after Post sample): significant differences < 0.05: ] < 0 005. Cross-
sectional comparison is of the four resuscitation fluids used: significant differences < 0.05;

< 0.005. Bracketed figures are first and third quartiles.

Table 1 Platelet factors: cross-sectional 
and longitudinal median effects of surgical 
trauma and fluid therapy, median 
differences tested by Kruskal-Wallis 
(a non-parametric comparison)
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Fig. 1. Effect of surgical trauma on platelet 
aggregation induced by ADP (at 0, 0.3, 1.0, 3.0 
and H mol l. ) in blood from patients 
receiving albumin, Gelofusine, Haemaccel and 
saline.
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group 840 mL, Gelofusine grouD 945 mL, Haemaccel group
932.5 mL, saline group 885 mL = 0.5587).

The effects of the different fluid therapies on platelet ag
gregation varied with both type of fluid and stimulating agonist. 
With aggregation in response to ADP, the effect seen in all fluid 
groups was a shift of the dose-response curve to the right, i.e. a 
reduced response of platelets to agonist at the low to mid range 
of agonist concentration. However, maximal aggregation was 
unaffected (Fig. 1). This reduced response to ADP was evident 
at both the Post and Last time-points.

Aggregation in response to the combination of epinephrine 
and ADP was qualitatively different to that obtained with ADP 
alone. There was a significant reduction in aggregation in all 
fluid groups at all agonist concentrations, with a tendency to a

greater reduction at higher agonist concentrations, particularly 
so for the albumin-treated group (Fig. 2).

Only one of the fluid therapies, albumin, significantly and 
markedly affected aggregation in response to collagen. In the 
Gelofusine group there appeared to be a small and transient 
inhibition of aggregation. In the group treated with albumin 
there was a much greater inhibition of aggregation at all but the 
highest concentration of agonist, and this effect persisted 
(Fig. 3).

Platelet agglutination in response to ristocetin was comple
tely and persistently suppressed in the Gelofusine and Hae
maccel groups (Fig. 4). In contrast, there was a small but 
significant increase in this parameter in the groups treated with 
albumin and saline at both Post and Last timepoints.
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Fig. 2. Effect of surgical trauma on platelet 
aggregation induced by epinephrine (at 0. 3.0, 10 
and 3' molL ', each with 0. molL ADP) 
in blood from patients receiving albumin. 
Gelofusine. Haemaccel and saline.
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Fig. 3. Effect of surgical trauma on platelet 
aggregation induced by collagen (at 0.25, 0.5, 
1.0, 2.0 and 4.i g mi- ) in blood from patients 
receiving albumin, Gelofusine, Haemaccel and 
saline.

In the colloid groups, albumin, -̂“’ofusine and Haemaccel, 
there were significant increases ii TG at the Post timepoint, 
,,,hich tended to remain high at Last. In addition, the increase in 

TG with saline was almost significant. There were no sig
nificant changes in PF4, nor in von Willebrand factor (VWF) 
(Table 1).

There was a significant increase in APTT for the three 
colloid-treated groups at the Post timepoint, but this was only 
transient, returning to normal at the Last timepoint. FVIII 
activity decreased significantly, and also transiently. No sig
nificant changes in APTT or FVIII activity were seen in the 
group receiving saline (Table 2).

There were significant increases in prothrombin . 1 - 2  
fragment and in TAT in all the fluid groups at the Post timepoint, 
which were sustained (Table 2).

Effects on fibrinogen and PT showed that for all fluid groups 
there was a significant change at the Post timepoint, a decrease 
for fibrinogen and an increase for PT, and this was maintained 
through to the Last timepoint. However the magnitude of this 
change was lower for the saline group with respect to fibrino
gen, and for the saline and albumin groups with respect to PT 
(Table 2).

There was a significant decrease in FXIII at the Post time
point for the colloid fluids, albumin, Gelofusine and Haema-
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Fig. 4. Effect of surgical trauma on platelet 
agglutination induced bv ristocetin (at 0.6. 0.8. 
1.0. 1.2 and 1.4 mg mi ) in blood from patients 
receiving albumin, Gelofusine, Haemaccel and 
saline.

€  2003 International Society on Thrombosis and Haemostasis



Hemostatic effects o f fluids in hip surgery 2145

Table 2 Clotting parameters: cross-sectional and longitudinal median effects of surgical trauma and fluid therapy, median differences tested by 
Kruskal-Wallis (a non-parametric comparison)

Fluid groupw

Time Albumin Gelofusine Haemaccel Saline

Median APTT (s)
Pre 28.2 (26.6-30.6) 29.7 (25.6-31.6) 28.4 (27.4-30.9) 28.9 (27.5-32.2)
Post 34.7 (33.0-38.6'' 37.2 (31.5—39.9'' 35.6 (31.0-41.3' 32 (29.2-34.7)
Last 31.2 C29.4-35.C f 31.1 (27.9-32.8 t 30.7 (28.7-32.2 f 28.3 (26.0-37.8)
Median FVIII (IU di. )
Pre 154.1 (1 18.2-164.3) 151 (104.7-166.2) 141.6 (124.1-187.4) 139.6 (114.9-146.7)
Post 94 (77.8-102.9) 87.8 (82.4-103.2) 91.4 (70.4-102.5) 116 (87.6-132.4)
Last 108.6 tOT ^-117.6 ft 118.4(100.2-142.3 f 123.8 (111.0-148.1 f t 143.3 (99.7-159.6)
Median prothrombii j d 2 fragment (mmol l, )
Pre 2.44 (2.26-2.57) 2.57 (2.40-2.76) 2.24 (2.09-2.83) 2.45 (2 .22-2.67)
Post 3.13 (2.73-3.52) 2.93 (2.69-3.46) 3.65 (3.15-4.78) 3.09 (2.63-3.30)
Last 3.43 (2.98-5.07 +t 3.4 (3.01-3.76 f t 4.02 (3.34-5.78 f t 3.02 (2.85-3.51 f t
M edian TAT complex (TAT) (g l , )

Pre 10.6 (2.9-15.7) 112 (4 .0-17 .3) 19.7 (5.2-23.0) 4.84 (3.2-24.1)
Post 56.5 (37.4-64.1) 44.1 (33.6-55.6) 58.3 (48.3-78.6) 41.1 (35.2-56.6)
Last 61.8 (40.5-90.C ft 47.8 (25.9-62.C f t 54.7 (39.3-67.4 ft 27.3 (21.9-60.1 f t
Median fibrinogen (g l, )
Pre 2.9 (2.6-3.1) 3.1 (2.6—3.5) 2.95 (2.1-3.1) 3.05 (2 .5-3 .5)
Post 1.65 (1.5-1.8) 1.55 (1.4—1.9) 1.3 (1.3—1.9) 2.3 (2 .0 -2 .6 /*
Last 1.65 (1.4—1.7 ft 1.5 (1 .1-1 .7  f t 1.3 (1.2-1.4 ft 2.3 (1 .9 -2 .5 /  f t
Median prothrom bin time (PT) (s)
Pre 13.6 (13.5-13.9) 14 (13.7-14.6) 14.6 (14.0-14.8) 14.2 (13.6-14.6)
Post 15.8 (15.1-16.5) 16.3 (15 .8-16.8) 17 (15.9-17.3) 15.2 (1 4 .8 -1 5 .6 /
Last 15.4 (15.3-16.8 ft 16.3 (15.8-16.9 f t 16.3 (15.8-17.2 f t 15 (14 .0 -15 .3 , f
Median factor XIII (%)
Pre 130 (120-176) 159 (137-174) 157 (152-174) 135.5 (117-150)
Post 92.5 (78-110) 101 (85-115) 101.5 (92-114' 105 (99-132)
Last 87.5 (69-107 ft 105.5 (84-118  f t 113 (91-114 f 118.5 (98-143)

Longitudinal comparison ic of the timp-noints Pre (immediately prior to surgery), Post (immediately after surgery) and Last (2h after Post samole): 
significant differences < 0.05; i < 0.005. Cross-sectional comparison is of the four resuscitation fluids used: significant differences < 0.05; 

< 0.005. Bracketed figures are first and third quartiles.

ccel, but no significant difference between these fluid groups at 
any of the timepoints. This reduction in FXIII persisted through 
to the Last timepoint. The trend with saline was similar but not 
significant (Table 2).

There was a significant decrease in ionized calcium concen
tration in the albumin, Gelofusine and saline groups at both Post 
and Last timepoints. However there was a significant increase in 
ionized calcium at these timepoints in the Haemaccel group. 
The magnitude of the changes was about 10% in either direc
tion. There were no significant changes in ionized magnesium 
concentrations (Table 3).

Whilst there was a significant decrease in serum albumin 
between Pre and Post, and Pre and Last timepoints in the groups 
treated with Gelofusine, Haemaccel and saline, there was no 
such decrease in the albumin-treated group (Table 3).

Both hematocrit and hemoglobin decreased significantly 
between Pre and Post, and Pre and Last timepoints in all the 
fluid groups, however, this fall was less in the saline group. 
Similar changes occurred with respect to the effects on platelet 
count. Plasma viscosity decreased significantly at the Post 
timepoint in groups receiving albumin and saline. This was 
maintained through to the Last timepoint. However there was no

significant change in groups receiving the gelatin based 
colloids, Gelofusine and Haemaccel (Table 4).

Discussion

The first aim of this present investigation was to establish the 
extent to which effects of fluids on platelet aggregation 
observed in previous studies in vitr, were reproduced ex vivo 
after administration to patients undergoing hip replacement. At 
the same time we sought to obtain additional information on the 
effects of various fluids on other hemostatic variables. These 
included measures of platelet activation, thrombin generation 
and several other hematological indices. The effects of the fluids 
on BT and on blood loss were also determined. Studies were 
performed immediately before the start of surgery, at the end of 
surgery and 2 hours after the end of surgery. The fluid groups 
used were saline, Haemaccel, Gelofusine and 4.5% albumin.

Based on our previous in vitrt findings [8] of the effects of 
Haemaccel and Gelofusine compared with saline on platelet 
aggregation, we had expected to see pronounced inhibition 
by Haemaccel of the platelet aggregation induced by agents 
such as ADP, epinephrine and collagen, and also pronounced
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Fluid group

Time Albumin Gelofusine Haemaccel Saline

Median ionized calcium (mmol l, )
Pre 1.21 (1.08-1.22) 1.17 (1.11-1.21) 1.17 (1.12-1.24) 1.21 (1.09-1.24)
Post 1.04 (0.98-1.08' 1.05 (0.99-1.09' 1.28 (1.23-1.39' 1.09 (1.05-1.14,**
Last 1.035 (0.98-1.11 f 1.07 (1.03-1.08 f 1.215 (1.11-1.28 f 1.09 (1.01-1.15, f
Median ionized magnesium (mmol )
Pre 0.64 (0.59-0.66) 0.66 (0.61-0.71) 0.59 (0.56-0.76) 0.60 (0.59-0.66)
Post 0.59 (0.55-0.63) 0.62 (0.54-0.63) 0.62 (0.58-0.74) 0.55 (0.54-0.60)
Last 0.61 (0.60-0.65) 0.62 (0.56-0.66) 0.62 (0.60-0.68) 0.57 (0.56-0.65)
Median albumin (gL ' )
Pre 39 (37-40) 40 (38-40) 39 (38-41) 39 (36-41)
Post 40 (39-43' 22 (21-24) 25 (25-27) 30 (26-33/*
Last 42 (39-44 f 24 (22-26 ft 28 (26-29 f t 34 (3 1 -3 4 / f t

Longitudinal comparison is of the time-points Pre (immediately prior to  surgery). P ost ^immediately 
after surgery) and Last (2 h after Post sample): significant difference} < 0.05: 1 < 0 005. Cross-
seotinnal comparison is of the four resuscitation fluids used: significant differences < 0.05;

< 0.005. Bracketed figures are first and third quartiles.

Table? Blood biochemistry: 
cross-sectional and longitudinal median  
effects o f  surgical trauma and fluid therapy, 
median differences tested by 
K ruskal-W allis (a non-parametric 
com parison)

Table * Hematological parameters: cross-sectional and longitudinal median effects of surgical trauma and fluid therapy, median differences tested by 
Kruskal-Wallis (a non-parametric comparison)

Fluid group

Time Albumin Gelofusine Haemaccel Saline

Median hematocrit
Pre 0.379 (0.370-0.392) 0.395 (0.356-0.418) 0.368 (0.346-0.387) 0.392 (0.365-0.420)
Post 0.280 (0.258-0.291) 0.278 (0.244-0.316) 0.291 (0.285-0.323) 0.330 (0.312-0.364/*
Last 0.276 (0.255-0.283 f t 0.292 (0.267-0.319 ff 0.299 (0.283-0.312 f t 0.347 (0.319-0.372/ f t
Median hemaglobin (gd i, )
Pre 13.0 (12.4-13.5) 13.8 (11.7-14.3) 12.5 (12.0-13.3) 13.2 (12.5-14.5)
Post 9.4 (8.9-10.0) 9.6 (8.2-10.4) 9.9 (9.5-11.2) 11.4 (10.7-12.3/*
Last 9.2 18 7-9.6 f t 9.9 (8.9-1 l.C f t 10.4 (9.8-10.6 f t 11.4 (11.0-12.6/ f t
Median platelets (li l  )
Pre 236 (206-252) 215 (182-266) 196 (176-246) 221.5 (184-262)
Post 170.5 (153-202' 150 (131-217' 188 (162-201) 204 (180-216)
Last 172 (137-197 f 160 (151-213 t 187 (160-222) 208 (178-238)
Median plasma viscosity (centipoise)
Pre 1.63 (1.58-1.72) 1.68 (1.61-1.73) 1.59 (1.56-1.64) 1.64 (1.59-1.71)
Post 1.46 (1.40-1.49) 1.69 (1.65-1.70) 1.60 (1.55-1.62) 1.42 (1.40-1.47/*
Last 1.46 (1.42-1.49 ff 1.67 (1.60-1.72) 1.59 (1.51-1.67) 1.47 (1 .42-1.53/ ff

Longitudinal comparison i« of the timp-noints Pre (immediately prior to surgery). Post (immediately after surgery) and Last (2h after Post sample): 
significant differences < 0.05; 1 < 0.005. Cross-sectional comparison is of the four resuscitation fluids used: significant differences < 0.05;

< 0.005. Bracketed figures are first and third quartiles.

inhibition by Haemaccel and Gelofusine of the platelet agglu
tination induced by ristocetin. In fact we did see profound 
effects of both Haemaccel and Gelofusine on ristocetin-induced 
responses at both Post and Last timepoints. Inhibition by gelatin 
colloids of platelet agglutination by ristocetin is a well-estab
lished observation [2,4], and confirms our previous in vitr work 
[8]. It is thought this may be due to an interaction of the gelatins 
with VWF [2,7],

However, the expected effects of Haemaccel on the aggrega
tion induced by other agents were not evident. There was 
significant inhibition of the aggregation induced by ADP and 
by epinephrine, but no more than was seen with saline, Gelo
fusine or albumin. The explanation for the different results 
obtained in our previous experiments conducted wholly in vitro

and these experiments ex vivo is that the increases in plasma 
calcium ions obtained in vitro that resulted from the high 
concentrations of calcium in Haemaccel were not evident ex 
vivt. In our in vitrc system Haemaccel caused a rise in ionized 
calcium to 2.8 mmol i /  ’, whereas in the exvivc system, despite 
a similar dilutional load, median ionized calcium rose to only 
1.28 mmol i /  1 (maximum concentration 1.63 mmol 1/  ). In a 
previous in vivo study of trauma patients resuscitated with the 
calcium-containing fluid Haemaccel ionized calcium concen
trations in excess of 2 mmol L  were obtained [17]; however, 
these patients were critically injured and received greater 
volumes of Haemaccel than those in our current study. 
Although our patients had significant surgical trauma, this 
was not severe enough to affect their homeostatic compensatory
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mechanisms. Clearly, homeostatic mechanisms had resulted in 
avoidance of large increases in plasma calcium, despite large 
amounts (2 L) of Haemaccel being infused. This resulted in less 
inhibition of aggregation by Haemaccel in the blood from the 
patients receiving this particular fluid.

There was persistent inhibition of platelet aggregation in
duced by ADP and by epinephrine in all fluid groups. We 
believe the most likely explanation of this reduced response is 
that desensitization to the aggregatory effects of these agents 
occurred consequent to prior platelet activation. There was clear 
evidence "latelet activation during surgery as judged by 
release o TG, even though PF4 did not increase. This was 
probably because of the short half-life of PF4 in plasma due to 
its binding to glycosaminoglycans on the vascular endothelium. 
It is certainly possible that ADP had been generated both 
through release from damaged tissue during surgery and via 
secretory mechanisms following platelet aggregation, resulting 
in desensitization of ADP receptors. Additionally, epinephrine 
receptors may have been desensitized consequent to the surgical 
trauma.

Collagen-induced aggregation was markedly inhibited fol
lowing albumin infusion, which suggests that maintenance of 
plasma albumin concentrations results in a further decrease in 
platelet function. This may be related to the ability of albumin to 
bind and neutralize platelet agonists such as thromboxane A2 
[18,19],

Although there was a pronounced inhibitory effect on risto
cetin-induced agglutination of platelets by the gelatin colloids, 
in contrast there was some potentiation of the effects of 
ristocetin following infusion of saline and albumin. This is 
likely to be a consequence of hemodilution.

Overall in this study, platelet activation as a consequence of 
surgery was seen to be accompanied by a general downregula- 
tion of platelet aggregation, together with selective additional 
inhibition of collagen-induced aggregation by albumin and of 
the ristocetin-induced platelet agglutination by the gelatin 
colloids. Such inhibition of platelet function might be inter
preted as providing less risk of untoward thrombotic events, but 
with the potential to increase bleeding (but see below).

In addition to changes in platelet aggregation, several other 
changes were recorded that might also be expected to influence 
risk of thrombosis and/or bleeding. Overall there was significant 
and prolonged hemodilution, particularly with the three col
loids, which was reflected in decreases in fibrinogen, FXIII, 
albumin (except during albumin infusion) and platelet count, 
and an increase in prothrombin time. Decreases in fibrinogen 
and albumin appeared to be somewhat larger than could be 
accounted for by simple hemodilution. Changes in FVIII and 
APTT also occurred but here there was some recovery between 
Post and Last, which could not be associated with hemodilution. 
Consumption of coagulation factors also occurred reflected 
by increases in TAT complex and prothrombi: . - 2 fragment.
Generally there was a small reduction in ionized calcium 
(except with Haemaccel), and infusion of saline or albumin 
produced a reduction in plasma viscosity. There were no 
significant changes in ionized magnesium concentrations. It

was thus interesting to determine the effects of these various 
changes on BT and on blood loss.

We found that BT was significantly prolonged in the groups 
that received colloid fluids, but not in the group receiving saline. 
However, this was only a transient phenomenon, with BT 
returning to baseline by 2 h after the end of surgery. Between 
colloid fluids there was very little difference in degree of 
prolongation. The fact that BT was not increased in the saline 
group confirms that the effect is due to colloid infusion and is in 
accord with earlier data that indicated that BT can increase in 
patients receiving colloids in both traumatic and non-traumatic 
situations [5,7].

It is tempting to speculate that the increases in BT following 
colloid infusion relates to the various inhibitory effects of the 
colloids on platelet aggregation and the effects on the various 
coagulation parameters referred to above. However, while the 
effects on most of the parameters that were measured were 
seen at both the Post and Last timepoints, the increases in BT 
had returned to Pre values at the Last timepoint. This was 
mirrored by the changes in FVIII and the APTT measure
ments, which also showed some recovery at Last. Also, 
although not statistically significant, the changes in VWF 
followed the same trend.

Although we saw a transient increased BT in the colloid 
groups, this was not mirrored by increased blood loss in these 
groups compared with the group receiving saline. This concurs 
with results found by others. Boldl et a . [20] found that there 
was no significant increase in blood loss when either gelatin or 
albumin were infused immediately prior to cardiopulmonary 
bypass in patients undergoing elective aortocoronary bypass 
grafting. Furthermore, Scott et a . [21] found no significant 
difference in blood transfusion requirement following coronary 
bypass grafting between patients in whom the coronary artery 
bypass pump was primed with crystalloid, Haemaccel or albu
min.

In summary, despite considerable changes in platelet, coa
gulation and other parameters brought about by colloid infu
sion, the effects on BT were only transient and there was no 
measurable effect on blood loss in this controlled study of hip 
arthroplasty. Surgery alone resulted in some reduction in plate
let aggregation to agents such as ADP and epinephrine, prob
ably as a consequence of platelet desensitization. Albumin had 
an additional inhibitory effect on collagen-induced platelet 
aggregation, and Haemaccel and Gelofusine inhibited ristoce
tin-induced platelet agglutination. This further inhibition of 
platelet function by the colloids may have the potential to 
provide additional protection against the increased thrombotic 
risk in patients following major surgery, and should be taken 
into account when assessing the need for and level of heparin 
prophylaxis following surgery.
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SHORT COMMUNICATION

Can the effects of clinical reperfusion fluids on platelet 
aggregation in vitro predict the effects of  
administration of such fluids in a clinical study ex vivo?

P. A. Evans, E. C. Crowhurst, J. A. Glenn, T. Davies, S. Heptinstall

Reperfusion fluids are administered routinely during surgical operations and following trauma. Studies performed 
wholly in vitro have indicated effects of some fluids on haemostasis through inhibition of platelet aggregation. 
Recently we performed a study to further evaluate the effects of reperfusion studies in vitro and also a study in a 
clinical setting to determine the extent to which the results of in vitro experiments can be extrapolated to the 
clinical situation. The results indicate that a combination of homeostatic and trauma response mechanisms 
complicate the ability to extrapolate from the findings in vitro.

Introduction

Platelet aggregation is one of the factors th a t con tri
butes to normal haemostasis and also to the th rom 
bosis that can occur following surgical operations, 
therefore it is of interest to observe any changes in 
platelet aggregation that might accom pany surgery. 
It is also of interest to assess the effects o f any addi
tional influences that might affect the way in which 
platelets behave as a consequence of surgery. For 
example, as well as the traum a associated w ith the 
surgery itself, resuscitation fluids are adm inistered 
as a routine part o f the procedure to m aintain blood 
volume.

Previously we performed an in vitro study to assess 
the effects o f resuscitation fluids with a view to 
extrapolating the effects to the clinical setting .1 In this 
study we added three different fluids to hirudinized
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whole blood and assessed aggregation in response to 
ADP, collagen, adrenaline and ristocetin as well as 
some other agents. The fluids were saline, Haemaccel 
and Gelofusine and we com pared the results obtained 
for Haemaccel with saline and for Gelofusine with 
saline. We found that Haemaccel and Gelofusine 
abolished aggregation to ristocetin, thus confirming 
the effects o f gelatins observed previously by others.2,3 
Haemaccel also proved to be a potent inhibitor o f 
aggregation to all o ther agonists. Haemaccel, unlike 
Gelofusine, contains a high concentration of calcium, 
and control experiments in which calcium alone was 
added to whole blood indicated that it was the 
presence of calcium th a t was largely responsible 
for inhibition of the aggregation induced by ADP, 
collagen and adrenaline.

In a further study we sought to evaluate the effects 
o f several factors associated with fluid adm inistration 
on platelet aggregation in addition to the effects of 
the specific fluids themselves. These included the 
effects of reducing the num ber o f blood cells as a 
consequence of introducing the fluid, and the effects 
o f diluting plasma com ponents. We also included 
albumin as an additional fluid which has also been 
shown to inhibit platelet aggregation in vitro.4 Later 
we went on to perform  an ex  vivo study following 
adm inistration o f the same fluids in a surgical setting, 
and thus were able to com pare the two sets of data 
obtained.
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Here we present both sets o f data and com m ent 
on the value of the experiments perform ed wholly 
in vitro in predicting the results obtained ex vivo.

Materials and methods

Materials

Haemaccel (3.5% , w/v, polygeline with 6.25 m M  
calcium) was from Beacon Pharm aceuticals 
(Tunbridge Wells, UK), Gelofusine (4% , w/v, succi- 
nylated gelatin) was from B Braun Medical, Sheffield, 
UK, albumin (4.5%, w/v, hum an serum album in) 
was a gift from BPL (Elstree, UK ), and the saline 
(0.9% , w/v, sodium chloride) was from Baxter H ealth 
Care (Thetford, UK). Collagen was obtained from  
Nycomed (M unich, Germany), ristocetin was from 
Forum  Products Ltd (Redhill, Surrey, UK), and 
adenosine 5'-diphosphate (as sodium salt) and 
adrenaline were from  Sigma Chemical Co (Poole, 
Dorset, UK). Recom binant hirudin (Revasc™ ) was 
a gift from N ovartis (Fam borough, UK). The 
platelet fixative solution contained 150 mM N aCl, 
4.6 mM N a2EDTA, 4.5 mM N a 2H P 0 4, 1.6 mM 
K H 2P 0 4 and 0.16% (w/v) formaldehyde, pH 7.4.

In vitro study

The in vitro study involved measurement o f platelet 
aggregation in whole blood induced by ADP, adrena
line, collagen and ristocetin. The whole blood con
tained hirudin as anticoagulant at a final concentration 
50 pg/ml. It was studied undiluted and following 
dilution with Haemaccel, Gelofusine, 4%  hum an 
albumin or saline at a blood-fluid ratio of 3 :2 . The 
results were also com pared with those for blood diluted 
with autologous hirudinized plasma. The aim was to 
determine the effects o f dilution, as well as the intrinsic 
effects o f the different fluids. M edian results were 
obtained using blood from 10 different volunteers.

Ex vivo study

After obtaining local ethical committee approval and 
informed consent, we randomised consecutive eligible 
patients undergoing primary unilateral cemented 
total hip replacement in a prospective random ised 
double-blind study to receive either Haemaccel 
(/i= 1 4 ). Gelofusine (n=  14), albumin (w =13) or 
saline (n =  14). All patients received a standard  
general anaesthetic comprising Tem azepam  (10-20 
mg) pre-medication and propofol (2.0-2.5 mg/kg) 
and m aintained with isoflurane and nitrous oxide 
(1.0-2.5%  isoflurane in nitrous oxide with 20-30%  
oxygen). Immediately prior to surgery blood (Pre
sample) was taken for platelet aggregometry and 
anticoagulated with hirudin, exactly as for the in vitro 
studies. Surgery then commenced and 2 1 fluid were 
infused during the operative period. Further blood

was taken at skin closure (Post-sam ple, about 1 h 
after initiation of surgery) and another (Last sample) 
2 h later. Ionised calcium and m agnesium  were 
m easured from lithium heparin sample taken con
currently on an AVL 988-4 analyser.

Platelet aggregation

Platelet aggregation was always m easured exactly 30 
min after blood sampling. M easurem ents were per
form ed in whole blood using a platelet counting 
technique.5 A total o f 480 pi o f blood was added to 
polystyrene tubes containing 20 pi o f varying con
centrations of agonist, and the sample placed in a 
M ulti-Sam ple A gitator (University o f N ottingham , 
U K ), operating at 37°C and an agitation setting of 8 
(1000 rpm). Fixative solution (1 ml) was added to 
term inate the aggregation. Platelet counting was 
perform ed using an U ltra-Flo 100 W hole Blood 
C ounter. Percentage aggregation was expressed as the 
percentage fall in the num ber o f single platelets 
com pared with the starting count. M edian aggrega
tion values were plotted for each agonist concentra
tion. D ata  are presented (Figures 1 and 2) for the 
aggregation induced by lpM  A D P, 1 pg/ml collagen, 
10 pM  adrenaline (with 0.1 pM A D P) and 1.2 mg/ml 
ristocetin. Differences between the m edians were 
tested using K ruskal-W allis with P < 0.05 taken as 
significant.

Results and discussion

In vitro data following dilution o f  blood with plasma 
or saline

The in vitro experiments first involved com parison of 
the aggregation induced by A D P, collagen, adrena
line or ristocetin in whole blood, in whole blood 
diluted with plasma and in whole blood diluted 
with saline (Figure 1). F or A D P there was no 
significant effect o f either o f these additions. For 
collagen, dilution with plasma (but not saline) slightly 
but significantly reduced the aggregation. For 
adrenaline, the same picture emerged. F or ristocetin, 
plasm a had no effect but aggregation was prom oted 
by saline.

It can be seen then, that for collagen and adrena
line only, dilution of the blood with plasm a signifi
cantly reduced the aggregation response. A ddition of 
plasm a resulted in a reduction in the concentration of 
blood cells but not in the concentration of any 
com ponents o f the blood plasma. Thus the blood cell 
concentration must influence the degree o f aggrega
tion that occurs. It may be then that, for collagen and 
for adrenaline, co-factors for aggregation that are 
released from the platelets themselves (the concentra
tion of which will depend on the num ber o f platelets 
present) are contributing to the aggregation response. 
Plasma did not reduce the degree o f aggregation
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produced by A DP or ristocetin. It may be th a t in 
these cases there is less reliance on platelet-derived 
co-factors to bring about the aggregation response.

For collagen and adrenaline, although addition of 
plasma to w hole blood reduced the aggregation 
response, addition of saline did not. In the case 
of saline addition, plasma com ponents are being 
diluted as well as the blood cells. Presum ably, 
therefore, there are plasma com ponents which serve 
to attenuate the degree of aggregation that occurs in 
response to these two agents. This also seemed to be 
the case for ristocetin. For ADP, the results obtained 
with plasma and saline were not significantly different

but there was still a trend to enhanced aggregation 
following dilution with saline.

In conclusion, the num ber of blood cells present* 
influences the degree of aggregation induced by 
collagen and adrenaline, and plasm a components 
attenuate the degree o f aggregation induced by 
collagen, adrenaline and ristocetin.

In vitro data following dilution o f  blood with 
Haemaccel

For ADP, Haemaccel m arkedly reduced aggregation 
against a background of no change on addition of
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plasma or saline (Figure 1). This has been observed 
before1 and was attributed to the high levels o f Ca in 
Haemaccel, with raised Ca levels inhibiting the 
aggregation response. For collagen, Haemaccel also 
reduced aggregation. A reduction w ould have been 
expected as a consequence o f reducing the num ber of 
blood cells. On the other hand, saline, by reducing the 
plasma components, had enhanced aggregation 
com pared with the situation with plasm a. Presumably 
the reduction seen with Haemaccel was a conse
quence of a combination of the reduced num ber of 
blood cells, the added calcium and the (opposing) 
effect of the dilution of plasm a constituents. F or 
adrenaline, the result was very similar to  tha t for 
collagen. For ristocetin, aggregation was abolished. 
This is thought to be due the gelatin in the 
Haemaccel.2,3 Overall, then, Haemaccel had m arked 
inhibitory effects on aggregation in WB in vitro.

In  vitro data following dilution o f  blood with 
Gelofusine

F or ADP, Gelofusine enhanced aggregation against 
a background of no change with plasm a (Figure 1). 
There had also been a trend tow ards increased aggre
gation with saline, although this had not proved 
significant. Again, this might have resulted from a 
dilution of plasma components. The m ain difference 
in the composition of Gelofusine and Haemaccel 
appears to be the high level o f calcium  in the latter. 
For collagen and for adrenaline, results with 
Gelofusine were very similar to those with saline. 
For ristocetin aggregation was abolished by 
Gelofusine. Again, this is thought to be due the 
gelatin in the fluid.2,3 Overall, then, Gelofusine 
differed from Haemaccel except for its effects on 
ristocetin-induced aggregation, and m ore closely 
resembled the results obtained with saline.

In vitro data following dilution o f  blood with 
albumin

F or all the agonists albumin produced a response 
intermediate between that o f plasm a and saline 
(Figure 1). Only in one case (collagen) was the 
effect o f albumin to change aggregation significantly 
relative to whole blood. These results are consistent, 
with albumin being one o f the plasm a com ponents 
that attenuates platelet aggregation induced by 
collagen, adrenaline and ristocetin.

Comparison o f  in vitro data with ex vivo data: 
saline

In the in vitro experiments, addition o f saline to whole 
blood had not significantly changed the aggregation 
induced by ADP, collagen or adrenaline and had 
potentiated the aggregation induced by ristocetin. 
E x vivo, ADP aggregation was significantly reduced

following saline infusion com pared with the situation 
in the same patients prior to infusion and this was 
also the case for adrenaline (Figure 2). For collagen, 
saline infusion had produced no effect, and for 
ristocetin, the aggregation was increased although 
not significantly. Thus there were some similarities 
when com paring the in vitro and ex vivo data  (collagen 
and ristocetin) but there were also discrepancies 
(A D P and adrenaline).

Comparison o f  in vitro data with ex vivo data: 
Haemaccel

In the in vitro experim ents Haemaccel had signifi
cantly and m arkedly reduced the aggregation induced 
by ADP, collagen and adrenaline, and this was 
attributed to the high levels o f Ca in the Haemaccel 
preparation, with raised Ca levels inhibiting the 
aggregation response. Haemaccel abolished ristoce
tin-induced aggregation and this was attributed to the 
gelatin com ponent. In the ex vivo experiments there 
was also some inhibition o f the aggregation induced 
by A D P and by adrenaline, bu t not collagen, and 
again there was profound inhibition o f the ristocetin- 
induced response (Figure 2). F o r A DP, collagen and 
adrenaline the results were very similar to those 
obtained following saline infusion. We believe that 
the gelatin in Haem accel is affecting ristocetin- 
induced aggregation' bo th  in vitro and ex vivo. 
However, m easurem ents o f ionised calcium in the 
two groups (Haemaccel in vitro and ex vivo) dem on
strated m arked differences in the calcium levels 
attained. This is a consequence o f the operation of 
hom oeostatic m echanism s in vivo. Following addition 
o f Haemaccel in vitro the m edian plasma ionised 
calcium increased from  1.16 to 2.88 mM, whereas 
following infusion the levels only changed from 1.17 
to 1.28 mM. Thus, w hatever changed the responses 
following saline infusion were probably the same as 
following Haemaccel infusion.

Comparison o f  in vitro data with ex vivo data: 
Gelofusine

In the in vitro experim ents Gelofusine enhanced the 
aggregation induced by A D P, had no effect with 
collagen and adrenaline and abolished ristocetin- 
induced aggregation. In  the ex vivo experiments there 
was inhibition o f the aggregation induced by ADP 
and by adrenaline, bu t not collagen, and profound 
inhibition of the ristocetin-induced response (Figure 2). 
Thus the results were very similar to those obtained 
following Haemaccel infusion. Again, for ADP, 
collagen and adrenaline the results were very similar 
to those obtained following saline infusion.
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Comparison o f  in vitro data with ex vivo data: 
albumin

In the in vitro experiments albumin we had seen 
slightly increased aggregation with ADP and ristoce
tin, and reduced aggregation with coll and adrena
line. In the ex vivo experiments there was inhibition of 
the aggregation induced by ADP and adrenaline and 
a slight increase in ristocetin-induced aggregation 
(Figure 2). F o r collagen there was a non-significant 
trend to reduced aggregation. Except for the trend 
to reduced aggregation with collagen, the results 
seem very similar to those obtained following saline 
infusion.

Conclusions

The in vitro studies described above did show some 
significant effects of various fluids on platelet 
aggregation. There was either prom otion or inhibi
tion of aggregation depending on the nature o f the 
fluid and on the platelet agonist that was used. Some 
o f these effects were reproduced ex vivo, however 
overall there were other influences that were m ore 
powerful in determining the actual effects on aggre
gation that ensued.

Perhaps the m ost interesting finding was th a t 
overall there was a marked reduction in the aggrega
tion induced by A DP and by adrenaline ex vivo 
irrespective o f the fluid that was used, which was no t 
predicted from the in vitro experiments. It is unlikely 
that this was an effect o f the anaesthetic because all 
blood samples were obtained following anaesthetic 
adm inistration. It is more likely that the surgery 
itself led to the reduced response that was observed. 
Possibly increases in ADP and adrenaline in 
blood plasm a following surgery led to some down- 
regulation of platelet responses to these agonists. 
Platelet responses to collagen were not altered as a 
consequence of surgery possibly because platelets 
remaining in the circulation post-surgery had had no 
contact with any collagen exposed during the 
operation.

A nother instance of a failure to predict an in vivo 
effect from data obtained in vitro was in the effects o f 
Haemaccel on aggregation responses. The m arked 
inhibition of aggregation by ADP, adrenaline and

collagen in vitro is a consequence o f the large 
am ounts o f calcium in this fluid. In vivo hom eostatic 
m echanism s served to m oderate the changes in 
calcium concentration and overall, the effects of 
Haem accel infusion proved to be very similar to those 
o f the o ther fluids that were used.

In vitro Haemaccel and Gelofusine had proved to 
be po ten t inhibitors of ristocetin-induced aggrega
tion, believed to be a direct effect o f the gelatin in 
interfering with the interaction between platelets and 
von W illebrand factor.2'3 In this case the effects of 
H aem accel and Gelofusine were reproduced ex vivo.

The fact that a com bination o f hom eostatic and 
traum a response mechanisms was found to com pli
cate the ability to extrapolate from  findings obtained 
wholly in vitro underlines the im portance o f perform 
ing tests o f platelet aggregation in the clinical 
situation as a means of determ ining the true effects 
o f particular procedures. From  the results obtained in 
the actual clinical setting some anticipated effects o f 
some reperfusion fluids were not realised.

The overall effects o f all the fluids th a t were 
adm inistered within the setting o f acute surgery was 
to decrease platelet responses to m ost agonists. 
Theoretically, reduced platelet aggregation might 
contribute to impaired haem ostasis bu t it could also 
help reduce any tendency to throm bosis, a well- 
known com plication of acute surgical interventions.
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Viewpoint j

Is th e  normalisation of blood p ressu re  in b leeding traum a p a tien ts  
harmful?

Ian Roberts, Phillip Evans, Frances Bunn, Irene Kwan, Edward Crowhurst

In  1990, abou t 5 million peop le  d ied  w orldw ide as a resu lt 
o f injury.' For peop le  younger th an  35 years, injury is now  
the leading cause o f death . N evertheless, th e  global 
epidem ic o f injury is only beginning . By 2020 , deaths 
from  injury will p robab ly  increase to 8-4 m illion .2 A b o u t a 
third o f these deaths are from  haem orrhag ic  sh o ck .’ A cu te 
blood loss follow ing injury leads to a red u c tio n  in tissue 
perfusion and  tissue oxygen delivery, tha t, if  p ro lo n g ed , 
causes lactic acidosis and  organ failure.

C u rren t trea tm en t o f haem orrhagic  shock involves 
m aintain ing  blood pressure and  tissue perfusion  un til 
b leeding is contro lled . H ow ever, although  m ain ten an ce  o f 
b lood pressure m ight p reven t shock, it cou ld  w orsen  
b leeding.' R aising o f b lood  p ressu re  can increase tissue 
perfusion and tissue oxygenation , b u t  the  increased  
pressure m ight im pair the fo rm ation  o f  new  b lood  clo ts o r 
dislodge existing ones .4 O ver the p as t 50 years several 
resuscitation  strategies have been  used  to raise the b lood  
pressure in traum a p atien ts until b leed ing  is con tro lled . 
Assessing the evidence for the effectiveness o f these 
approaches has been  the aim  o f a n u m b er o f system atic 
reviews by the C och ran e  Injuries G ro u p  and  o thers. W e 
draw  on the resu lts o f  these reviews to fo rm ulate  a 
hypothesis abou t the m anagem en t o f  b leed ing  traum a 
patients.

Evidence from system atic reviews
M edical anti-shock trousers (M A S T ) provides external 
pneum atic  com pression  of the  legs an d  w as first u sed  in 
the V ietnam  w ar to stabilise p a tien ts w ith haem orrhag ic  
shock during  transporta tion . A fter th e  w ar, M A S T  was 
widely used in the care o f b leed ing  trau m a pa tien ts . 
M A ST  increases b lood p ressure by com pressing  b lood  
vessels in the legs thus raising system ic vascular resistance, 
and  by shunting  b lood  from  the  low er body to the b ra in , 
heart, and lungs.' T h e  hope was th a t by increasing  venous 
re tu rn  to the heart, M A S T  w ould m ain ta in  b lo o d  flow to 
vital organs until definitive care was given. In  1977, the 
com m ittee on trau m a of the A m erican  C ollege o f 
Surgeons included antishock trousers on  th e  list o f 
essential eq u ipm en t for am bulances.0

T h ere  have been  two random ised -con tro lled  tria ls o f 
M A ST  use in the p rehospital care o f b leed ing  trau m a 
patients. In the first, 911 traum a patien ts  w ith  systolic 
b lood pressu re  (SB P) less than  90 m m  H g  w ere
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ran d o m ised  to M A S T  o r  no  M A S T  g ro u p s, before being 
taken  to a level-one traum a cen tre .7 Risk o f d e a th  in the 
M A S T  g roup  (31 %) w as 6%  h ig h er th a n  in  the  no  M A ST  
g roup . In th e  second  trial, 291 hypotensive traum a 
p a tien ts  (SB P  < 90  m m  H g) w ere ran d o m ised  to  M A S T  
o r no  M A S T  groups." Risk o f  dea th  w as sim ilar in the two 
g roups, a lthough  subg ro u p  analyses show ed th a t 47%  of 
M A S T -trea ted  p atien ts w ere dead  on arrival com pared  
w ith 40%  in the no M A S T  g roup . T a k e n  together, the 
tw o trials provide no ev idence th a t M A S T  im proves 
recovery in b leed ing  trau m a p a tien ts , b u t  do  suggest that 
it is harm fu l since the poo led  relative risk o f  d ea th  with 
M A S T  was M 3  (95%  C l 0 -97-1-32)."

In  developed  countries, an increasing  n u m b e r  o f 
am bu lance  crews inc lude  a p a ram ed ic  tra ined  in advanced  
life su p p o rt. P aram ed ic  am b u lan ce  crew s receive extra 
tra in in g  in in tu b a tio n , in trav en o u s can n u la tio n , and 
a d m in istra tio n  o f  in travenous fluids. O nly  a sm all 
p ro p o rtio n  o f traum a p a tien ts  w ho are  a tte n d e d  by 
param ed ics is in tu b a te d  (1 % ), b u t  a larger p ro p o rtio n  
(18% ) receives in travenous flu ids."’ B ecause o f  th e  strong  
conviction  am ong  the pub lic  an d  m edical p ro fession  that 
p a ram ed ic  in terv en tio n  is beneficial, ran d o m ised  
con tro lled  trials com paring  p a ram ed ic  a n d  n o n -p ara m e d ic  
care  have been  d ifficult to do . U K  w orkers"’ a tte m p te d  to 
ran d o m ise  am b u lan ce  d ispa tch  calls to  p a ram ed ic  crews 
o r to em ergency  m edical techn ic ians (E M T ) w ith  only 
basic  life su p p o rt skills. U n fo rtu n a te ly , only 16 p a tien ts  
w ere ran d o m ised . H ow ever, the  investigato rs follow ed 
cohorts o f  p a tien ts a tten d ed  by param ed ics an d  E M T  
crew s, an d  ad justed  for injury severity an d  o th e r  p o ten tia l 
co n fo u n d in g  factors in the  analyses. T h e  resu lts w ere set 
in the con tex t o f  a system atic review o f  th ree  p revious 
con tem p o rary  cohort s tu d ie s " 1’ o f  trau m a  pa tien ts . A 
m eta-analysis o f  all four stud ies show ed  an  increased  
(p= 0-03) risk o f  d ea th  in p a tien ts  a tte n d e d  by p aram ed ics 
(relative risk 1-26). T h e  U K  study  w as the largest o f  the 
four, an d  som e subgroup  analyses w ere u n d e rtak en . T h e  
risk o f d ea th  after param ed ic  care  was especially  high in 
p a tien ts  w ith b leeding injuries (relative risk 4-60, 95%  C l 
1 -07 -20 -0 )."’ Because o f  the p o ten tia l fo r co n fo u n d in g  by 
injury severity, results from  co h o rt stud ies are o f  d oub tfu l 
validity. N evertheless, the  resu lts are co n s isten t w ith the 
hypothesis th a t efforts to re tu rn  b lood  p ressu re  to  norm al 
in b leed ing  traum a p a tien ts  can  be co u n te rp ro d u c tiv e .

In travenous fluid adm in istra tio n , w ith  colloid or 
crystalloid so lu tions, is the m ainstay  o f  the  non-surg ical 
m an agem en t o f b leed ing  trau m a p a tien ts . C ollo ids are 
b e tte r  th an  crystalloid so lu tions in  ex pand ing  the 
circulation  because they are re ta in ed  in the  b lo o d  vessels 
to a g rea ter ex tent. C rysta llo id  so lu tions leak o u t o f  the 
b lo o d  vessels in to  the  in terstitial spaces. A fter a colloid 
infusion , the circulating  vo lum e increases by the  volum e 
o f colloid infused, w hereas only a q u a r te r  o f  th e  volum e of 
a crystalloid infusion  rem ains in the  c ircu la tio n .'4
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A lthough colloids are effective in expand ing  the 
circulation , there is no evidence th a t this im proves 
survival after traum a.

In a system atic review of random ised -co n tro lled  trials 
com paring  colloid and  crystalloid resuscita tion  in 
critically-ill traum a p atien ts, the relative risk o f d ea th  with 
colloid w as 1-3 (9*5% C l 0 -9 5 -1 -7 7 ).13 T h e  m eth o d s o f 
this review, how ever, have been  critic ised  o n  several 
grounds: the inclusion  of trials o f hyperton ic  crystallo id , 
use o f a llocation concealm ent as the m easu re  o f  trial 
quality, and  use o f a fixed effect m odel in analysis. 
N evertheless, the results o f  a second  system atic  review , 
w ith sim ilar inclusion criteria, th a t add ressed  these 
concerns w ere even m ore d iscouraging, w ith a relative risk 
o f death  with colloid o f 2-6 ( 1 1 -5 - 9 ) .10 C ho i and 
colleagues10 argue th a t colloid use shou ld  n o t be cu rta iled  
on the  basis o f their results, b u t th a t the findings shou ld  
be viewed as hypothesis generating . Several hypo theses 
m ight be invoked to explain the study  o u tcom es b u t  they 
are consisten t w ith the  hypothesis th a t expansion  o f  the 
circulating volum e in b leeding traum a patien ts  is harm fu l.

The reviews considered  so far p rovide only ind irec t 
sup p o rt for the hypothesis th a t b lood p ressu re  
m ain tenance in b leed ing  traum a patien ts  m igh t be 
harm ful. In view o f  the concerns raised by these reviews, a 
system atic review o f the effect on  m orta lity  o f early versus 
delayed fluid resuscita tion , and  o f  larger versus sm aller 
fluid volum es was u n d e rtak en .17 W e investigated  the  
tim ing or volum e o f  fluid ad m in istra tion  am ong  p atien ts 
w ith haem orrhagic hypovolaem ia. B ecause the im p ac t o f 
fluid resuscitation  is likely to be closely sim ilar am ong  
patien ts with in ternal b leeding  (eg, b leed ing  p ep tic  ulcer) 
and those with external b leed ing  (eg, p en e tra tin g  trau m a), 
we included trials w ith bo th  types o f  partic ipan ts.

W e identified six trials. Bickell and  co-w orkers'" 
com pared im m ediate  versus delayed fluid resuscita tion  
with isotonic crystalloid in 598 hypotensive p a tien ts  w ith 
penetra ting  injuries. A m ong the 289 p a tien ts  w ith  delayed 
fluid resuscitaton , 203 (70% ) survived to d ischarge , 
w hereas of the 309 patien ts  w ho received im m ed ia te  
resuscitation only 193 (62% ) lived. T h e  relative risk for 
d eath  with early fluid adm in istra tio n  w as 1-26 
(1 00 -1-58). P ro th rom bin  an d  partia l th ro m b o p las tin  
tim es were significantly raised  in the im m ed ia te  
resuscitation group , a lthough the  clinical significance o f 
these changes is uncerta in . U nfo rtunate ly , allocation  in 
this trial was by alternation , an d  the possib ility  o f  bias 
cannot be excluded. Blair and  co lleagues1'’ ran d o m ised  50 
patien ts w ith acute  severe u p p e r gastro in testina l 
haem orrhage to receive, d u ring  th e  24  h  after adm ission , 
e ither at least two un its o f  b lood , o r no  b lood  transfusion  
unless the haem oglobin  fell below  8 g /d L  o r  they  w ere 
shocked. T w o p atien ts in the early transfusion  g ro u p  d ied  
(8% ) and n ine p atien ts re-b led , b u t there  w ere no  deaths 
in the non-transfused  g roup  and only one p a tie n t re-b led . 
Partial th rom boplastin  tim e was raised in the  transfused  
group. O th er w orkers’" random ised  25 b leed in g  trau m a  
patien ts to receive sm aller o r larger vo lum e b lo o d  
transfusions to m ain tain  the h aem ato crit a t 30%  o r  40% , 
respectively. 'Fhere w ere no deaths in  e ith er g ro u p  and  
data  on  coagulation  w ere no t repo rted . D u n h a m  and  
colleagues21 com pared rapid  fluid a d m in istra tio n  w ith 
conventional fluid adm in istra tion  in a ran d o m ised  tria l o f 
36 hypovolaem ic traum a patien ts. Five o f  the 16 (31% ) 
patien ts adm in istered  fluid by rap id  in fusion , and  five o f 
the 20 (25% ) p atien ts w ho received fluid in the 
conventional way, d ied . T h e  relative risk o f d ea th  w ith 
rapid  fluid adm in istra tion  was 1 -25 (0 -4 4 -3 -5 8 ). F inally, 
in the last o f the pub lished  tria ls2’ p aram ed ics w ere

ran d o m ised  to  one o f two p ro toco ls for prehosp ital 
in travenous fluids. O ne p ro toco l requ ired  in travenous 
fluids to be given at the  in c id en t scene, and  the  o ther 
req u ired  fluids to be  w ithheld  un til arrival a t h o sp ita l, 
unless tim e to  hospital w as over 1 h. H a lf  way th ro u g h  the 
trial the p aram ed ics w ere crossed over to the alternative 
p ro to co l. O f  th e  699 p a tien ts  trea ted  by param ed ics w ith 
fluids, 73 (10-4% ) d ied , and  o f  the 610 p a tien ts  trea ted  by 
p aram ed ics opera ting  the no fluids p ro to co l, 60 (9-8% ) 
d ied . In  a subgroup  analysis, the relative risk o f d ea th  in 
the fluids g roup  for p a tien ts  w ith  severe b leed ing  injuries 
was 1 1 9  (0-69 2-04). H ow ever, com pliance  w ith the 
p ro to co l was p o o r and  the  d ifference in the  p ro p o rtio n  of 
p a tien ts  receiving fluids befo re  th ea tre  w as only 7% .

W e also identified  one u n p u b lish ed , con tin u in g  
ran d o m ised  con tro lled  trial com p arin g  systolic b lood 
p ressu re  resuscita tion  targets o f  100 m m  H g  o r  70  m m  H g 
in p a tien ts  with b lu n t an d  p en e tra tin g  traum a 
(D u tto n  R P , M cK enzie C F , Scalea T M , u n pub lished  
resu lts). In  prelim inary  analyses o f  d a ta  from  99 p a tien ts , 
the risk o f d ea th  w as sim ilar in  b o th  g roups, a lthough 
com parison  o f  injury severity scores show ed th a t p a tien ts 
in th e  low b lood  pressu re  ta rg e t g ro u p  w ere m ore severely 
in ju red .

Conclusions
T h e  use o f M A S T , early fluid ad m in is tra tio n , and  colloid 
resuscita tion  is based on  the idea th a t ra ising  b lood 
p ressu re  in b leed ing  traum a p a tie n ts  will m a in ta in  tissue 
perfusion  an d  so p rev en t haem o rrh ag ic  shock  an d  its 
consequences. H ow ever, there  is no  u n b iased  ev idence 
th a t any o f  these strategies im prove survival, and  th ere  is a 
suggestion  th a t they are h arm fu l. T a k e n  together, 
ev idence from  system atic  reviews calls in to  q uestion  
resuscita tion  p ro toco ls, such as th e  advan ced  trau m a  life 
su p p o rt (A T IiS ) pro toco l o f  the  A m erican  C ollege of 
Surgeons th a t reco m m en d s th e  liberal use o f iso ton ic  
crystalloid to correct h ypo tension . A lth o u g h  v igorous fluid 
resuscita tion  m ight be lifesaving in som e p a tie n ts , resu lts 
from  clinical tria ls are consisten t w ith  resu lts  from  anim als 
w ith  u n co n tro lled  h aem orrhage th a t ra ising  o f  b lood  
p ressu re  could  w orsen  b leed ing  and  increase  m o rta lity .4

By w h at m echanism s cou ld  flu id  re su sc ita tio n  w orsen  
b leeding? T h e  process o f haem ostasis is a co n tin u u m  
sta rtin g  from  the activation o f  p la te le ts  and  fo rm atio n  o f a 
p la te le t p lug . B inding o f von W illeb rand  fac to r to 
g lycopro tein  lb  is im p o rtan t a t th is stage. H aem ostasis 
con tin u es , th rough  activation  o f  the  coagula tion  cascade, 
to th e  fo rm ation  and  stabilisation  o f  a defin itive clo t. T h is 
p rocess can be affected a t every stage by  fluid 
resuscitation . Jorgensen  and  S to ffe rsen ’3 show ed that 
a lbum in  inhib its th ro m b in  in d u ced  p la te le t aggregation 
in  v itro . R istocetin  induces p la te le t aggregation  by b in d in g  
g lycoprotein  lb , and  S tibbe  and  K irby24 show ed in vitro 
th a t th e  gelatin  colloid H aem accel (H o ech st M arion  
R oussel, M iddlesex , U K ) com pletely  abolishes this 
aggregation. O th e rs23 show ed th is reac tio n  ex-vivo for the 
gelatin  colloid G elofusine (B raun , S heffield , U K ). 
F u rth e rm o re , Evans an d  co-w orkers20 rep lica ted  this 
resu lt, and  show ed th a t the add itional effects of 
H aem accel w ere largely a ttr ib u tab le  to th e  increase in 
ionised  calcium  th a t resu lted  from  th e  high calcium  
c o n ten t o f this fluid.

Excessive fluid adm in istra tio n  m igh t also w orsen 
b leed ing  by d ilu ting  clo tting  factors. In  a trial o f 
im m ediate  versus delayed crystalloid resu sc ita tio n ,1" 
p ro th ro m b in  and  partial th ro m b o p las tin  tim es w ere b o th  
significantly raised in the im m ed ia te  resuscita tion  g roup . 
S im ilarly, in a trial o f early b lo o d  transfusion  after
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gastro in testinal haem orrhage'" clo tting  tim es were 
significantly raised in the transfused  g roup . D alrym ple- 
H ay and  colleagues’7 rep o rted  a case in w hich infusion  of 
hydroxyethyl starch  induced  acqu ired  von W illeb ran d ’s 
disease, and  T re ib  and  co-w orkers’" show ed th a t all 
m ultim ers o f von W illebrand factor w ere redu ced  by 
abo u t the sam e am o u n t as a resu lt o f this infusion .

In travenous fluids could also have effects o n  the 
coagulation cascade th a t are in excess o f  d ilu tional effects. 
S tum p  et al’" show ed th a t infusion o f hydroxyethyl starch  
resulted  in a significant increase in partia l th ro m b o p las tin  
tim e and decrease in factor V III, in  excess o f th a t caused  
by haem odilu tion . A lbum in infusion pro longs 
p ro th ro m b in  tim e and  reduces fibrinogen activity.'" 
A lbum in also has a heparin-like activity, enhan c in g  the 
an tifacto r Xa activity o f an tith rom bin  III ."  Even w hen  a 
clot is form ing, in travenous fluids can have an effect. 
M ardel and co-w orkers’’ show ed a reduced  clot elasticity, 
as m easured by th rom boelastography , and red u ced  clot 
weight after in-vitro  d ilu tion  w ith gelatin colloids. G ela tin  
is know n to b ind  w ith fib ronectin , and it is th o u g h t th a t 
gelatin p roducts m ight becom e in co rpora ted  in to  
developing clots. F inally, the increased  pulse p ressu re  th a t 
results from  crystalloid resuscita tion  cou ld  m echanically  
d isrup t a form ed clot. S te m ” suggested this hypothesis 
and recorded th a t a ttem pts to restore  b lood  p ressu re  w ith 
crystalloid in pigs w ith near-fatal haem orrhage resu lted  in 
increased haem orrhage volum e and  greatly raised 
m ortality.

Every year, tens o f  th ousands o f p a tien ts  receive 
intravenous fluids in the m an ag em en t o f  bleeding. 
N evertheless, there is no  reliable evidence ab o u t how  
m uch fluid should be given o r w hat targets shou ld  gu ide 
resuscitation. O n  the o th er h an d , there are m any  trials 
com paring  d ifferent colloids, and  colloids w ith crystalloid 
so lu tions.” Q uestions ab o u t the am o u n t o f  fluid seem  to 
have been  eclipsed by questions ab o u t the choice o f fluid. 
This deficit is likely to ind icate  the  com m ercial in terests o f 

pharm aceutical com panies in ob tain ing  a share o f  the 
m arket for resuscitation  fluids. In  view o f  the absence o f 
evidence for the effectiveness o f  curren tly  reco m m en d ed  
resuscitation pro toco ls, and  the po ten tia l for harm , 
contem porary  resuscitation  practice can a t b est be 
regarded as experim ental.
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Does animal experimentation inform human healthcare? 
Observations from a systematic review of international 
animal experiments on fluid resuscitation
Ian Roberts, Irene Kwan, Phillip Evans, Steven Haig

Anim al m odels a re  o ften  used  to test the  effectiveness 
o f  a d ru g  o r  p ro ced u re  befo re  p ro ceed in g  to clinical 
trials. O n e  reaso n  fo r use o f  anim al m odels is that they 
allow researchers to focus o n  particu lar pathological 
processes w ithou t the  co n fo u n d in g  effects o f  o th e r  
injuries an d  treatm ents. However, it is essential th a t 
their results a re  valid an d  precise. B iased o r  im precise 
results from  anim al experim en ts  m ay result in clinical 
trials o f  biologically in e rt o r  even harm fu l substances, 
thus exposing  patien ts to unnecessary  risk an d  wasting 
scarce research  resources. M oreover, if an im al experi
m ents fail to in fo rm  m edical research  then  th e  anim als 
suffer unnecessarily.

'f h e  Italian p a th o lo g ist P ietro  C ro ce  criticised vivi
section o n  scientific grounds. H e  argued  th a t results 
from  anim al ex p e rim en ts  ca n n o t be app lied  to 
hum an s because o f  th e  biological differences betw een 
anim als and  h u m a n s  an d  because  th e  results o f  anim al 
experim ents a re  to o  d e p e n d e n t o n  th e  type o f  anim al 
m odel u sed .1 C ro ce ’s a rg u m en ts  w ere based o n  insights 
into zoology a n d  pathophysiology. In  this paper, we 
m ake som e m ethodo log ica l observations o n  anim al 
experim ents. O u r  observations w ere m ade in th e  con 
text o f  a  system atic review o f  all available random ised  
con tro lled  trials o f  fluid resuscitation  in anim al m odels 
o f  u ncon tro lled  b leeding. We conducted  this review 
because we w an ted  to assess th e  scientific basis fo r fluid 
resuscitation. A prev ious system atic review' o f  ra n 
dom ised  trials o f  fluid resuscitation  in b leed ing  traum a 
patien ts had  p rov ided  n o  ev idence th a t fluid resuscita
tion im proved o u tcom e.'

System atic review  o f  flu id  resuscita tion  in 
u n co n tro lled  h a e m o rrh a g e
We did a system atic review o f  rand o m ised  contro lled  
trials o f  the  tim ing  o r  vo lum e o f  fluid adm inistration  in 
anim al m odels o f  u n co n tro lled  haem orrhage. Details 
of the review' m ethods, search  strategy, and  included 
trials are  available o n  bm j.com . Ih e  com bined 
electronic search strategies identified 3193 potentially  
eligible reports. Two review'ers exam ined  each  o f  these 
records and  104 rep o rts  w ere retrieved in full. F rom  
these, we identified 44 random ised  con tro lled  trials 
m eeting  th e  inclusion criteria. 'Fhe 44  trials included a 
total o f  2039 experim en ta l anim als (1772 rats, 231 
pigs, a n d  16 sheep). M ortality  da ta  w'ere rep o rted  in 42

; Summary points

New drugs a n d  p ro ced u res  a re  usually  tested  in 
anim als b efo re  co n d u c tin g  clinical trials

Validity o f  anim al ex p erim en ts  is essential fo r 
h u m an  h ealth  care  a n d  fu n d am en ta l to anim al 
welfare

A system atic review o f  an im al ex p erim en ts  on  
fluid resuscita tion  fo u n d  th a t m o st studies were 
underp o w ered  and  p rov ided  little in fo rm ation  on  
possib le  bias

System atic reviews o f  an im al e x p e rim en ts  allow' a 
m o te  objective ap p ra isa l o f  the  ev idence an d  
red u ce  th e  ch an ce  o f  false negatives results

System atic reviews across species w ould help  
d e te rm in e  w h e th e r th e  results co u ld  be 
generalised  to  h u m an s

trials, o f  w hich 31 w ere in  rats, 10 in pigs, a n d  o ne  in 
sheep. In  m o st o f  th e  ra t ex p erim en ts  uncontro lled  
b leed ing  was induced  by resec ting  th e  tail. I h re e  trials 
in large anim als (pigs a n d  sheep) cou ld  n o t be included 
in th e  m eta-analysis because  they  d id n o t include a no  
fluid resuscitation g roup : o n e  co m p ared  early and  late 
resuscitation an d  two co m p ared  different blood 
p ressu re  resuscitation targets. T h re e  trials in rats could 
n o t be included  in the  m eta-analysis: o n e  com pared  
early and  late fluid resuscitation , o n e  com pared  differ
en t b lood  p ressu re  resuscita tion  targets, and  o n e  
p resen ted  tim e to d ea th  data  only.

T h e  p oo led  odds ratio  (fixed effect) fo r death  in 
large anim als (pigs an d  sheep) w'ith fluid resuscitation 
was 0.6.3 (93%  confidence in terval 0.13 to 2.61) bu t 
there was statistical heterogeneity  (x =  16.84, d f =  7, 
P =  0.018). T h e  p o o led  o d d s ratio  (fixed effect) for 
d eath  in small an im als w ith fluid resuscitation  was 1.14 
(0.63 to 2.02). A gain, th e re  was substantial he te ro g en 
eity ( f  = 9 3 .4 0 , d f =  27, P <  0.0001). W hen the 
m eta-analysis was stratified acco rd ing  to how  unco n 
trolled b leed ing  was induced , a  large am o u n t of the  
heterogeneity  was acco u n ted  for. F igure 1 show's the

474 BMJ VOLUME .121 23 FEBRUARY 2002 Inuj.timj



Education and debate

results o f m eta-analysis o f  the 16 random ised  con tro l
led trials o f  fluid resuscitation in rats in w hich b leed ing  
was induced by resecting  th e  tail. I he  m eta-analysis Is 
stratified according to w here the  tail was c u t  Fluid 
resuscitation seem s to be harm fu l (odds ratio  =  2.88, 
95% confidence interval 1.72 to 4.80) with less th an  
50% tail resection (x2 = 5 .5 7 , d f = 7 ,  P =  0.59) but 
beneficial (odds ratio =  0.25, 0.15 to  0.42) with g rea ter 
than  50% tail resection (x' =  0.14, d f =  7, P  =  0.52).

A re the individual experim en ts valid?
In clinical trials, systematic e r ro r  can arise from  
problem s with the study design, especially if  allocation 
o f  treatm ent Is inadequately concealed .1'’ Bias is avoided 
bv ensuring  strict random isation  with well concealed 
treatm ent allocation. T h e  extent to w hich inadequate  
concealm ent o f  allocation m ig h t in troduce  bias in 
anim al experim ents Is uncertain. However, it is easy to 
im agine how bias could arise. F o r exam ple, w eaker 
anim als may be easier to catch th an  healthy anim als, 
and this could result in systematic differences betw een 
the intervention and  control g roups o n  baseline 
prognostic f actors. O f  the 44 random ised  con trolled 
trials m eeting the inclusion criteria, only two described  
how the anim als were divided into trea tm en t groups; 
both  of these trials used alternation.

R andom  e rro r  in clinical trials is m in im ised  by 
increasing the num b er o f  random ised  partic ip an ts .1'1 
However, anim al researchers a re  e n co u rag ed  to reduce  
the num ber o f  experim ental an im als to a m in im um . 
Indeed, the need  to use the m in im um  n u m b e r  o f  
anim als to obtain  valid results Is em b o d ied  in the  
Anim als (Scientific P rocedures) Act 1986 an d  E u ro 
pean  legislation.20 As a result, so m e an im al experi
m ents are  underpow ered  and  p rov ide  litde reliable 
inform ation. All o f d ie  anim al ex p erim en ts  in o u r  sys
tem atic review were sm all (fig 2). I h e  average n u m b er 
o f  anim als p er trial was 46 (2039 /44 ), an d  th e  largest 
trial included only 207 anim als (rats). N o n e  o f  th e  trials 
would have been  large en o u g h  to d e tec t reliably a 10% 
absolute difference (halving) in the risk o f  death  
betw een the  in tervention  an d  co m p ariso n  groups. 
M oreover, m anv o f th e  trials included  several different 
fluid resuscitation groups, w hich we com b in ed  fo r  o u r  
analyses. I h e  average n u m b er o f  ex p erim en ta l anim als 
p e r  treatm ent g roup  was only 13 (160 g roups). If, as 
was the case in m ost trials, the  aim  was to co m p are  th e  
effects o f different fluid resuscitation  reg im ens, the  
studies had  little power.

H as all the evidence been  assessed?
A lthough each individual anim al ex p e rim en t provides 
little reliable inform ation  o n  th e  effectiveness o f  fluid 
resuscitation, each con tribu tes to  th e  total body  of evi
dence. Any inferences shou ld  be based o n  all th e  
evidence. '1 A 1996 narra tive review o f  fluid resuscita
tion in anim al experim en ts included  only n ine  o f  the  
24 trials (.38%) th a t w ere available at th a t tim e.”

Systematic reviews and  m eta-analyses o f  anim al 
experim ents are  uncom m on . A bout 1 in 1000 M edline 
records perta in in g  to h u m an  research  Is tagged  as a 
m eta-analysls com pared  with 1 in 10 000 reco rds p e r
tain ing  to anim al research. In his book  The Principles o f 
Humane Experimental Technique, William Russell pro-

No of deaths Odds ratio
Sludy Fluids No lluids (95% Cl llxed)

$ 50%  tail resection:
Bilynskyj 19923 13/60 9/60
Gross 19894 17/36 3/15
Krausz 19915 7/20 0/17

Krausz 19926 6/24 2/9
Krausz 19927 21/60 2/15
Krausz 19928 8/12 4/13
Rabinovici 19899 19/40 1/10
Talmor 199910 20/68 3/19

Subtotal (95% Cl) 111/320 24/158

> 50%  tall resection:
Capone 199511 14/20 9/10 -
C apone199512 3/20 1/10
Capone 199511 9/10 10/10 -
Greene 199813 20/42 16/21 -
Kim 199714 12/20 17/20
Sindlinger 199315 14/30 11/15 -
Soucy 199516 45/90 40/45
Soucy 199517 20/31 10/12 ;-

0:1 :
Subtotal (95% Cl) 137/263 114/143

Total (95% Cl) 248/583 138/301

W elght Odds ratio 
(%) (95% Cl Itxsd)

2.88(1 .72  to 4.80)

0.25 (0.15 to 0 42) 

100.0 0.86 (0.63 to 1 18)

0.1 0.2 

Favours fluids

5 10

Favours no fluid

Fig 1 Meta-analysis o 1 16 randomised controlled trials of fluid resuscitation in rats with 
uncontrolled haemorrhage by tail resection. *Capone" reported two trials

p osed  th e  p rincip le  o f  redu c tio n —th a t is, th e  u se  o f  
m eth o d s to “reduce  the  n u m b er o f  an im als n eed ed  to 
ob ta in  in form ation  o f  a given a m o u n t a n d  precision.”22 
M eta-analyses o f  th e  results o f  prev ious an im al experi
m en ts w ould increase th e  p recision  o f  estim ates o f  
trea tm en t effects and  therefo re  reduce  th e  n u m b e r  o f  
anim als need ed  in fu tu re  experim ents.

Publication bias may be  as p o te n t a  th re a t to  valid
ity in system atic reviews o f  anim al ex p erim en ts  as it is 
in system atic reviews o f  clinical trials. We con tac ted  th e  
au th o rs  o f  included  trials to ask a b o u t u n p u b lish ed  
studies b u t n o n e  w ere identified. H ow ever, it w ould b e  
su rp rising  if there  w ere no  unpu b lish ed  tria ls m ee tin g  
o u r  inclusion criteria. Prospective reg istra tion  o f

E3 No of tria ls \  
of given size 

20

10----

Smallest absolute riskreduction 
detectable in study of given size 
(baseline nsk ̂ 0.2,: power = 80%)

Fig

640 1280 2560 5120 10240 20480 

Study size (No randomised) 

2  Trial size and smallest absolute risk reduction detectable

B\fl VOLUME .121 23 FEBRUARY 2002 l>nij.c <mi 4 75



Education and debate

anim al experim en ts a t incep tion  may help  to avoid d ie  
p rob lem  o f  pub lication  bias. '4 In  d ie  U n ited  K ingdom , 
th e  A nim als (Scientific P rocedures) Act 1986 regulates 
“any experim ental o r o d ie r  scientific p ro ced u re  
app lied  to a  p ro tec ted  anim al w hich m ay have d ie  
effect o f  causing  th a t an im al pain , suffering, distress, o r 
lasting harm .” R esearchers m u st have a p ro jec t licence 
from  the  H o m e Office befo re  co n ducting  any anim al 
research, an d  the licence app lication  describes the  
experim ental pro tocol. T hese  da ta  could  be  used  fo r 
prospective reg istration  of all an im al experim ents.

System atic reviews o f  an im al m odels could, like 
ours, include a ran g e  of anim al species and  m odels. If 
die  results w ere consisten t across species and  m odels 
this would indicate d ia t they m igh t also apply  in 
hum ans. Since d ie  p rim ary  aim  o f  anim al ex p erim en 
tation is to in form  h u m an  ex p erim en ta tion , tiiis would 
be valuable inform ation .

We found  substantial statistical he terogeneity  in 
o u r  meta-analysis, m ak ing  it im possib le to in te rp re t d ie  
odds ratios. Investigation of h e terogeneity  is essential 
and  can increase d ie  scientific an d  clinical relevance o f  
their results. In  o u r  m eta-analysis, stratification acco rd 
ing to how  un co n tro lled  b leed ing  was induced  
accounted  fo r a la rge  am o u n t o f  th e  h e te ro g en e ity  bu t 
these results need  to b e  in te rp re te d  with caution. Meta- 
analytic su b g ro u p  analyses a re  akin  to su b g ro u p  analy
ses within trials and  a re  p ro n e  to bias. A lthough we 
specified in o u r  p ro toco l th a t th e  analyses w'ould be  
stratified acco rd ing  to th e  an im al m odel used, w'e did 
n o t specify d ia t w'e w ould stratify acco rd ing  to w here 
d ie  tail was c u t  N evertheless, th e  m eta-analysis 
provides an  insight in to  m odel d ep en d en cy  th a t could 
be taken in to  acco u n t in fu tu re  anim al experim en ts 
and  w hen considering  w h e th e r  the  results can  be g en 
eralised to hum ans.

Im plications fo r  h u m a n  health
Animal ex p erim en ts  can  in fo rm  h u m an  health  care 
only if their results a re  valid an d  can be generalised. 
However, litde in fo rm atio n  Is available on  th e  m etiiod- 
ological d e te rm in an ts  o f  bias in anim al experim ents, 
an d  in o u r exam p le  th e  sam p le  sizes w'ere too small to 
obtain  p rec ise  estim ates o f  th e  effects of the  
interventions. System atic review's o f  anim al experi
m ents w ould help  to en su re  th a t anim al experim ents 
do  n o t set o u t to answ er questions th a t have already 
been  answ'ered, red u ce  bias an d  increase p recision, and  
provide reassu rance  ab o u t w h eth er th e  results can be 
generalised. P rospective reg istration  o f  an im al experi
m ents w ould help  to avoid publication  bias. In a  recent 
editorial, Sm ith p ro m o te d  th e  th ree  Rs o f  anim al 
research first suggested  by W illiam Russell: rep lace
m ent, reduction , an d  re fin e m e n t" ’ O n  m ethodological 
grounds, anim al ex p erim en ta tion  w'ould b etter 
con trib u te  to h u m an  health  care  if we p ro m o ted  
registration , random isation , a n d  system atic review's.
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Endpiece 
Self pity
1 n ever saw a wild tilin g  sorry for  itself.
A  sm all bird will d rop  frozen  from  a b ou gh  
w ithout ever h av in g  felt sorry for itself .

D H Law rence
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Fluid Resuscitation Strategies: A Systematic Review of 
Animal Trials
James Mapstone, MB, BChir, Ian Roberts, PhD, FFPHM, and Phillip Evans, MB, BS

Objectives: Our objective was to sys
tematically review randomized, controlled 
trials of fluid resuscitation in animal mod
els of uncontrolled hemorrhage and to ex
plore potential sources of heterogeneity.

Methotls: We conducted an elec
tronic bibliographic search of published 
research, reviewed reference lists of in
cluded trials, and contacted authors about 
unpublished studies. We included all un
confounded, randomized, controlled trials 
of fluid resuscitation (timing, volume, or 
resuscitation targets) in animal models of 
uncontrolled hemorrhage. The outcome 
measure was mortality at the end of the 
scheduled follow-up period of the trial. 
Two reviewers independently applied the 
selection criteria to the trial reports. A 
third reviewer resolved disagreements.

ReSUltS: Forty-four trials compared 
fluid versus no fluid resuscitation. There 
was marked heterogeneity in the effect of 
fluid resuscitation on the risk of death, 
much of which was explained by the hem
orrhage model used. In aortic injury mod
els, the adjusted relative risk of death with 
fluid resuscitation was 0.48 (95% confi
dence interval [Clj, 0.33-0.71). In organ 
incision models, the adjusted relative risk 
of death was 0.76 (95% Cl, 0.49-1.18). In 
tail resection models, the adjusted relative 
risk of death was 0.69 (95% Cl, 0.38-1.25) 
if 50% or more was removed and 1.86 
(95% Cl, 1.13-3.07) if less than 50% was 
removed. In other vascular injury models, 
the adjusted relative risk of death with 
fluid resuscitation was 1.70 (95% Cl, 
1.01-2.85), respectively. Nine trials com

pared hypotensive versus normotensive 
resuscitation. The relative risk of death 
with hypotensive resuscitation was 0.37 
(95% Cl, 0.27-0.50).

Conclusion: Fluid resuscitation ap
pears to reduce the risk of death in an
imal models of severe hemorrhage but 
increases the risk of death in those with 
less severe hemorrhage. Excessive fluid 
resuscitation could therefore be harmful 
in some situations. Hypotensive resusci
tation reduced the risk of death in all the 
trials investigating it. An evaluation of 
the potential impact of hypotensive re
suscitation in humans could now be 
warranted.

Key Wort/s: Fluid resuscitation, Sys
tematic review. Hemorrhage, Animal, 
Critical care, Mortality.
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An intervention that improved survival from hemorrhagic 
shock would prevent many premature deaths. Globally, 
it is estimated that approximately 3 million people die 
each year from hemorrhagic shock. Close to 2 million of 

these deaths are from injury and the rest are from maternal 
hemorrhage, ruptured aortic aneurysms, or esophagogastroi- 
ntestinal hemorrhage. 1-3

Fluid resuscitation is frequently used in the management 
of patients acutely bleeding. The Advanced Trauma Life 
Support course, from the American College of Surgeons, 
suggests boluses of crystalloid and blood and early definitive 
treatment.4 Maintaining an adequate perfusion pressure in 
this way is thought to assist tissue oxygenation and reduce the 
risk of short- and long-term organ failure and sepsis. Despite
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these recommendations, there is very little evidence from 
randomized, controlled trials. A systematic review investigat
ing the timing or volume of fluid administration identified 
only five trials5 and found no evidence to support early or 
larger volume fluid administration.

Much of the evidence for the type of resuscitation fluid 
came initially from research on animals. In light of the relative 
lack of human evidence of the effects of delayed or reduced 
volume resuscitation, a review of animal trials is valuable. We 
have previously argued that the application of systematic review 
methodology to animal experiments would allow a more objec
tive appraisal of the research evidence than narrative reviews 
and, by increasing the precision of estimates of treatment effects, 
would reduce the risk of false-negative results.6 Exploration of 
heterogeneity in meta-analyses of animal experiments has the 
potential to provide important insights into disease mechanisms 
and the extent to which the results of animal experiments can be 
generalized to humans. In this article, we use stratification and 
meta-regression to examine sources of heterogeneity in a sys
tematic review of 52 randomized, controlled trials of fluid re
suscitation in animal models of uncontrolled hemorrhage.

MATERIALS AND METHODS 
Study Identification

We conducted electronic searching of MEDLINE and 
EMBASE to identify all unconfounded, randomized, con
trolled trials of fluid resuscitation in animal models of un
controlled hemorrhage. Reference lists of included studies
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were reviewed and authors contacted to identify unpublished 
trials. The search strategy identified 3,193 records of poten
tially eligible trials. Two reviewers examined the titles and 
abstracts and 104 reports were retrieved in full. From these, 
52 trials meeting the inclusion criteria (randomized, con
trolled trial of the timing or volume of fluid resuscitation in 
an animal model of uncontrolled hemorrhage) were identified 
in 43 articles.7 49

Study Selection
Two reviewers applied the selection criteria indepen

dently and disagreements were resolved by a third.

Data Extraction
Two reviewers independently extracted information on 

the methods of randomization and allocation concealment, 
the type of injury, the type of intervention, the number of 
animals in each arm of the trial, and the associated number of 
deaths.

Prior Hypotheses Regarding Heterogeneity
The potential sources of heterogeneity considered were 

the animal species used, the risk of death in the control arm, 
the type of hemorrhage model, the volume of blood lost in the 
no-fluid trial arm, the type and volume of fluid infused, and 
the time at which mortality was measured. The same sources 
of heterogeneity were considered for the studies of hypoten
sive versus normotensive resuscitation, with the addition of 
the difference in the amount of fluid infused between the 
treatment arms also being considered. These data were ex
tracted by one reviewer. Normotensive was defined as resus
citation aiming for a mean arterial pressure of 80 mm Hg or 
higher.

Statistical Analysis
Data were analyzed as risk ratios with 95% confidence 

intervals calculated using Review Manager version 4.1 and 
Metaview version 4.1 (Update Software, Oxford, United 
Kingdom). Risk ratios were used because they are more 
readily interpretable than odds ratios. A risk ratio of 0.8 when 
comparing mortality in an intervention group compared with 
a control group means that the intervention group had 20% 
less risk of dying than the control group. For example, if the 
normal risk of dying from a particular injury was 10%, the 
observed risk in the intervention group would be 8%. A risk 
ratio >  1 suggests an increased risk with the intervention. A 
risk ratio <  1 suggests a decreased risk.

Where there was no evidence of a significant difference 
between the trial results (heterogeneity), a weighted regres
sion using a random effects model was used.50 Where heter
ogeneity existed, it was explored with stratification and 
meta-regression.50 Stratification was used to observe the ef
fects of variables and assist with categorization of the hem
orrhage models. Meta-regression was used to objectively 
assess the relative significance of the different variables. The

aim of meta-regression is to relate the observed effect esti
mates to characteristics of the included trials. It is similar to 
other regression techniques where associations are sought 
between variables and the outcome of interest (e.g., socio
economic status, smoking status, and life expectancy). This is 
performed for individual patients. Meta-regression does this, 
but at the level of the overall trial results. For example, it 
would be used to look at the association between the animal 
model used, the type of hemorrhage, and the observed risk 
ratio, taking into account the precision of the study. For this 
analysis, a random effects meta-analysis using an iteration 
method to provide restricted maximum likelihood measures 
was performed (STATA version 7, STATA Corp., College 
Station, TX; and the ado program by Stephen Sharp).

The numbers in each trial, the numbers dying, the unad
justed risk ratio, the 95% confidence interval, and the calcu
lated weighting (based on the method described by DerSimo- 
nian and Laird51) associated with each trial are presented. 
This is commonly called a Forest plot and usually includes a 
pooled overall risk ratio and confidence interval. The column 
heading n/N in the plots describe the number of animals 
dying in the specific arm of the trial (n) and the total number 
of animals in the trial (N).

RESULTS 
Study Characteristics

The 52 randomized, controlled trials included a total of 
2,039 animals (1,772 rats, 251 pigs, and 16 sheep) (Table 1). 
Mortality data were available for 50 trials, of which there were 
39 trials in rats, 10 trials in pigs, and 1 trial in sheep. Two trials 
did not use anesthetic at the time of hemorrhage,44,45 17 trials 
used halothane,8,9,11,12,22,23,33,39,47,49 2 used isoflurane,41,48 
3 used ketamine,21,35,38 15 used neurolidol and keta- 
mine,9,18-20,24-29,36,43,45 3 used pentobarbital and ketamine,10,31,32 
5 used pentobarbital,9,13,34,42,45 2 used chloralose,9,15 and 1 used 
ether.16 Only two trials described how the animals were divided 
into treatment groups (alternation).46,47 None described alloca
tion concealment.

Fluid against No Fluid Resuscitation
There was a large amount of heterogeneity in the 44 trials 

comparing fluid and no fluid resuscitation ( f 2, 126.99; df, 42; 
p  <  0.00001) (Fig. 1). Stratification according to the type of 
hemorrhage model used explained some of the observed 
heterogeneity. The remaining heterogeneity was mainly in 
the tail resection models. Stratifying by where the tail was cut 
explained most of this. The observed heterogeneity was best 
reduced when considering the tail cutoff as S:50% or <50%, 
leaving five categories of hemorrhage model (Fig. 2). An 
alternative was to order the studies by the reported blood loss 
in the control group. However, this did not explain the het
erogeneity between trials (Fig. 3).

Volume of hemorrhage in the control group, hemorrhage 
model, and risk of death in the control group were compared 
to identify which of these variables, relating to the severity of
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T3bl6 1 Included Trials
c+. ,wu m Allocation 
Study 10 Method Animal Model Intervention Outcomes Mortality Results

Large anim als (pigs and 
sheep)
Alspaugh, 2000,7 USA Not specified

Bickell, 1992,8 USA Not specified

Dronen, 1993,14 USA Not specified

Kowalenko, 1992,2 
USA

Not specified

O w ens, 1995,35 USA Not specified

19 anesthetized  swine.
Swine of either g ender averaging 50 kg in 

body weight, fasted  overnight but 
allowed free a c c e ss  to w ater. Model of 
uncontrolled hem orrhage produced  by 
inflicting splenic laceration and 
cryogenic brain injury.

24 im m ature Yorkshire swine.
After splenectom y, a  sta in less-stee l wire 

w as p laced  in the infrarenal aorta. The 
wire w as pulled, producing a  5-m m  
aortotom y and sp o n tan eo u s 
intraperitoneal hem orrhage.

17 3- to  4-m o-old Yorkshire swine.
Im mature sw ine w ere instrum ented and 

sub jec ted  to  severe blood loss (40-46 
mL/kg); w hen the  MAP w as d ec reased  
to  30 mm Hg, a  4-m m  tea r  w as c rea ted  
in the infrarenal aorta, allowing free 
intraperitoneal bleeding.

24 im m ature swine.
P reresuscitative hem orrhage is accurately  

controlled from a  femoral artery 
ca theter. O nce animal reach es a  m ean 
arterial p ressu re  of 30 mm Hg, a  4-mm 
aortic tear is inflicted, allowing free 
intraperitoneal hem orrhage.

20 im m ature Yorkshire swine.
Swine w ere anesthetized , arterial and

venous ca th e te rs  w ere inserted. 25 mL/ 
kg blood w as withdrawn during a  30- 
min controlled hem orrhage, followed by 
a  20-min uncontrolled hem orrhage from 
a  5-m m  aortotom y.

Animals randomly assigned  to two Death within
groups: 2 h

1. Prehospital resuscitation with 
Ringer’s  lactate.

2. Delayed resuscitation until after 
control of hem orrhage.

Animals divided into th ree groups: Death within
1. U ntreated group. 2 h
2. T reated group: 4 mL/kg mixture of 

IV 7.5%  NaCI and 6%  Dextran 70 
over 1 min.

3. T reated group: 80 mL/kg lactated 
Ringer’s  solution intravenously.

Animals w ere random ized into tw o Death within
groups: 1 h

1. No resuscitation.
2. R esuscita tion with normal saline 

infused a t a  rate of 6 mL/kg/min 
followed by shed  blood a t a  rate  of 
2 mL/kg/min infused to  maintain a  
MAP of 80 mm Hg.

Animals w ere random ly divided into Death within
th ree groups: 1 h

1. No fluids.
2. Saline infusion at 6 mL/kg/min to 

reach MAP 40 mm Hg.
3. Saline infusion a t 6 mL/kg/min to 

reach MAP 80 mm Hg.
Animals w ere random ized into th ree Death within

groups: 2 h
1. No resuscitation.
2. S tandard  resuscitation: Lactated 

Ringer’s  infused to achieve and 
maintain 100%  baseline cardiac 
index for 20 min.

3. Limited prehospital resuscitation:
L actated  Ringer’s  infused to 
achieve and  m aintain 60%  baseline 
card iac index for 20 min.

In the  intraoperative phase ,
intraoperative resuscitation w as 
continued for 120 min using 
lac ta ted  Ringer’s  to  ach ieve 80%  
baseline Cl.

1. Prehospital, 3/9
2. Delayed resuscitation, 4/10

1. U ntreated group, 0/8
2. 7.5%  NaCI and 6%  Dextran 

70 group, 5/8
3. Lactated Ringer’s, 8/8

1. No resuscitation, 7/8
2. Resuscitation, 7/9

1. No fluids, 7/8
2. MAP 40 mm Hg, 1/8
3. MAP 80 mm Hg, 5/8

1. No resuscitation, 1/6
2. S tandard  resuscitation, 1/6
3. Limited prehospital 

resuscitation, 0/8 Fluid 
Resuscitation 

Strategies
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Study ID AS X n Animal Model Intervention Outcomes Mortality Results

Riddez, 1998,38 Not specified 32 swine. Animals w ere random ized into four Death within 1. No fluid resuscitation, 4/8
Sw eden Inducing a  5-m m -long laceration in the groups: 1 h 2. Ringer’s  solution (1:1), 2/8

infrarenal ao rta  induced uncontrolled 1. No fluid resuscitation. 3. Ringer’s  solution (2:1), 2/8
hem orrhagic shock. 2. Ringer’s  solution in abou t the sam e 4. Ringer’s  solution (3:1), 4/8

Sakles, 1997,39 USA Not specified

Silbergleit, 1996,4 
USA

Stem , 1993,46 USA

Not specified

Alternation

Stern, 199 5 47 USA Alternation

Stern, 2000,48 USA Not specified

16 adult sheep .
S h eep  w ere anesthetized  and  lacerating a  

branch of the pulm onary vein through 
an anterolateral thoracotom y induced 
uncontrolled hem orrhage.

10 swine.
Animals w ere anesthetized  and 

uncontrolled continuous hem orrhage 
w as induced via ca th e te rs  in the 
femoral vessels.

27 im m ature Yorkshire sw ine.
Near-fatal porcine aortic injury 

hem orrhage m odel. P reresuscitative 
hem orrhage is accurately  controlled 
from a  femoral artery ca theter. O nce 
anim al reach es a  p redeterm ined 
physiologic endpoint, aortic tear is 
inflicted, allowing free intraperitoneal 
hem orrhage.

54 im m ature Yorkshire swine.
Near-fatal porcine aortic injury 

hem orrhage model. P reresuscitative 
hem orrhage is accurately  controlled 
from a  femoral artery catheter. O nce 
animal reach es a  predeterm ined 
physiologic endpoint, aortic tea r is 
inflicted, allowing free intraperitoneal 
hem orrhage.

24 swine.
Each sw ine underw ent fluid percussion  

brain injury and  uncontrolled 
hem orrhage to a  m ean arterial p ressu re  
of 30 mm Hg in the  p re sen c e  of a  4- 
mm aortic tear.

am ount a s  the  expected  blood loss 
per hour (1:1) over 2 h.

3. Ringer’s  solution in a  ratio 2:1 of the 
exp ec ted  blood loss over 2 h.

4. Ringer’s  solution in a  ratio 3:1 of the 
exp ec ted  blood loss over 2 h.

Animals w ere random ly divided into two 
groups:

1. No resuscitation.
2. Im m ediate resuscitation: 30 mL/kg 

lactated  Ringer’s  solution over a  
period of 10 min, repeated  to achieve 
norm otension.

Animals w ere random ly divided into two 
groups:

1. No fluid resuscitation.
2. Fluid resuscitation: 80 ml_/kg lactated 

Ringer’s  during a  resuscitation ph ase  
betw een 10 and  20 min postinjury.

Animals w ere resuscita ted  with a  saline 
infusion a t 6 mL/kg/min a s  need ed  to 
m aintain the  desired  endpoints:

1. MAP 40 mm Hg.
2. MAP 60 mm Hg.
3. MAP 80 mm Hg.
After 30 min or a  total saline 

resuscitation 90 mL/kg, the 
resuscitation fluid w as chan g ed  to 
sh ed  blood infused 2 mL/kg/min a s  
n eeded  to  maintain th e  desired  MAP.

Animals w ere divided into th ree  groups:
1. MAP 40 mm Hg.
2. MAP 60 mm Hg.
3. MAP 80 mm Hg.
R esuscita tion fluid w as either shed

blood followed by normal saline or 
normal saline followed by sh ed  blood.

Animals w ere random ly assigned  to one 
of th ree groups:

1. No resuscitation.
2. MAP 60 mm Hg.
3. MAP 80 mm Hg.

Death within 1. No resuscitation, 1/8
2 h 2. Im m ediate resuscitation,

1/8

Death within 
1 h

Death within 
1 h

1. No fluid resuscitation, 3/5
2. Fluid resuscitation, 4/5

1. MAP 40 mm Hg, 1/9
2. MAP 60 mm Hg, 2/9
3. MAP 80 mm Hg, 7/9

Death within 
1 h

1. MAP 40 mm Hg, 2/18
2. MAP 60 mm Hg, 3/18
3. MAP 80 mm Hg, 14/18

Death within 1. No resuscitation, 6/6 
150 min 2. MAP 60 mm Hg, 1/9

3. MAP 80 mm Hg, 4/9
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Table 1 Included Trials (Continued)
, in  Allocation 

S tudy ID M ethod Animal M odel Intervention O utcom es Mortality R esults

Small anim als (rats) 
Bilynskyj, 1992,9 
a ,b ,c ,d ,e , Brazil

Not specified

Burris, 1999,10 USA Not specified

C apone, 1995a,11 
USA

Random ized 
in blocks 
of four; 
allocation 
concealm ent 
not
specified

120 m ale W istar rats.
Uncontrolled hem orrhage w as induced by 

12% (e) or 50%  tail resection (a,b,c,d).

61 male Sprague-D aw ley rats.
After instrum entation, the 

hem odynam ically stab le  but lightly 
anesthetized  rats w ere sub jected  to  a 
vascular injury leading to uncontrolled 
hem orrhagic shock  by piercing the 
infrarenal ao rta  with a  25-gauge needle, 
creating tw o stan d ard  sized holes, one 
on each  side  of th e  aorta.

40 m ale Sprague-D aw ley rats. 
Uncontrolled hem orrhagic shock 

p roduced  by a  preliminary b leed  (3 m b ' 
100 g) followed by 75%  tail am putation.

Animals w ere divided into anesthetic  
g roups (a+ e, neurolidol/ketamine; b, 
pentobarbital; c, chloralose; d, 
urethane) and each  of th ese  were 
divided into two groups:

1. No fluid resuscitation.
2. Hypertonic saline (7.5%) 4 mLVkg 

IV. 15 min from start of bleeding.
Fluids infused a t 2 mL/kg/min w ere 

turned off or on to maintain a  m ean 
arterial p ressu re  of 40, 80, or 100 
mm Hg in six groups:

1. No fluid.
2. L actated  Ringer’s  MAP 100 mm 

Hg.
3. L actated  Ringer’s  MAP 80 mm Hg.
4. L actated  Ringer’s  MAP 40 mm Hg.
5. Hypertonic N aC I/hetastarch (MAP 

80)
6. Hypertonic N aC I/hetastarch (MAP 

40)
Experimental design  consisted  of 

th ree phases: Prehospital phase: 
from insult to h em ostasis 60 
m inutes later. During this phase, 
uncontrolled hem orrhagic shock 
w as p roduced  so  tha t different fluid 
resuscitation regim ens could be 
tes te d . Hospital phase: sta rted  with 
h em ostasis and continued for 
ano ther 120 min, with unrestricted 
fluid resuscitation, including infusion 
of the donor blood to Hct 30%  plus 
lactated  Ringer’s  solution to  achieve 
norm otension.

O bservation p h ase  ex tended  from the 
end  of the  hospital phase  to 3 days 
to  evaluated outcom e.

1. U ntreated controls.
2. No prehospital fluid.
3. LR prehospital to maintain MAP at 

40  mm Hg.
4. LR prehospital to maintain MAP at 

80 mm Hg.
Group 1 not resuscita ted  in hospital 

p h ase  is excluded.

D eaths a. No fluid, 4/10; fluid, 5/10
within 4 h b. No fluid, 1/10; fluid, 0/10

c. No fluid, 0/10; fluid, 1/10
d. No fluid, 1/10; fluid, 0/10
e. No fluid, 2/10; fluid, 3/10

Death within 1. No fluid, 9/11
2 h 2. Ringer’s  (MAP 100), 2/9

3. Ringer’s  (MAP 80), 0/11
4. Ringer’s  (MAP 40), 1/10
5. N aC I/hetastarch (MAP 80), 

4/11
6. N aC I/hetastarch (MAP 40), 

2/9

D eath within 2. No fluid, 9/10
3 days 3. LR prehospital (MAP 40),

4/10
4. LR prehospital (MAP 80), 

10/10
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Table 1 included Trials (Continued)

Study ID Allocation
Method Animal Model Intervention O utcom es Mortality R esults

C apone, 1995b,12 
USA

Not specified

C apone, 1995c,11 
USA

Not specified

Craig, 1994,13 USA Not specified

40 m ale Sprague-D aw ley rats. 
H em orrhage induced by an oblique sterile 

tail am putation of 75%  its length, a s  
m easured  from the tip.

20 m ale Sprague-D aw ley rats.
Volume-controlled hem orrhage of 3 mL/

100 g over 15 min followed by 
uncontrolled hem orrhage induced by an 
oblique sterile tail am putation of 75%  
its length, a s  m easured  from the  tip.

45 m ale Sprague-D aw ley rats.
R ats w ere anesthetized  and  a  femoral 

artery and  vein w ere cannulated  for 
blood p ressu re  monitoring and  fluid 
infusion. Through a  midline abdom inal 
incision, th e  distal ileocolic artery and 
vein w ere cu t and  allowed to bleed 
freely into the  abdom inal cavity. The 
abdom en  w as closed  and  the  anim als 
w ere random ized into five groups.

Experimental design  consisted  of Death within
th ree phases: a  “prehospital p h a se ” 3 days
(90 min of uncontrolled bleeding 
with or without lactated  R inger's 
solution) followed by a  “hospital 
p h a se ” (60 min including control of 
bleeding and  fluid resuscitation 
including blood).

1. U ntreated controls.
2. No prehospital fluid.
3. LR prehospital to maintain MAP at 

40 mm Hg.
4. LR prehospital to maintain MAP at 

80 mm Hg.
G roups 2, 3, and  4 only w ere

resuscita ted  in the  hospital phase .
Group 1 therefore not included.

Experimental design  consisted  of Death within
th ree phases: 3 days

Prehospital phase: from insult to 
h em ostasis 90 min later. During this 
p hase , uncontrolled hem orrhagic 
shock  w as p roduced  so  that 
different fluid resuscitation regim ens 
could be  tested .

Hospital phase: sta rted  with 
hem ostasis and  continued for 
ano ther 60 min, with unrestricted 
fluid resuscitation, including infusion 
of the  donor blood to  Hct 30%  plus 
lactated  Ringer’s  solution to achieve 
norm otension.

O bservation p h ase  ex tended  from the 
end of the  hospital p h ase  to 3 days 
to evaluated outcom e.

1. No fluid resuscitation in either 
phase.

2. No resuscitation in prehospital 
phase, then in hospital p h ase  all 
out fluid resuscitation a s  above.

Animals randomly divided into five Death within
groups: 3 h

1. No resuscitation.
2. Small-volume lactated  Ringer’s  

solution.
3. Large-volum e lactated  Ringer’s  

solution.
4. Small-volume hetastarch .
5. Large-volum e hetastarch .

2. No prehospital fluid, 1/10
3. LR prehospital (MAP 40), 

0/10
4. LR prehospital (MAP 80), 

3/10

1. No resuscitation, 10/10
2. Hospital resuscitation, 9/10

1. No resuscitation, 2/9
2. Sm all-volum e lactated  

Ringer’s  solution, 3/9
3. Large-volum e lactated 

Ringer’s  solution, 4/9
4. Sm all-volum e hetastarch , 

8/9
5. Large-volum e hetastarch , 

4/9
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T a b le  1 Included Trials (Continued)

S tudy  ID Allocation
M ethod Animal M odel Intervention O u tcom es M ortality R esults

Elgjo, 1996,15 a,b, 
Norway

Not specified 39 m ale W istar-Kyoto rats.
H ypotension w as induced by controlled 

withdrawal of blood until MAP reached  
50 mm Hg. After 5 min, sub jec ts w ere 
random ized into two groups for 
uncontrolled hem orrhage: (a) arterial 
hem orrhage—the abdom inal aorta  
punctured  with a  21-, 22-, or 23-gauge 
hypoderm ic needle; (b) venous 
hem orrhage— inferior caval vein 
puncture with an 18- or 19-gauge 
hypoderm ic needle.

Animals in each  group w ere 
random ized into two groups:

1. No treatm ent.
2. Saline 8.0%  2 mLVkg IV a t 0.4 mL/ 

min.

Death within 
4 h

a) Arterial hem orrhage
1. No treatm ent, 5/12
2. Saline 8.0% , 6/10

b) Venous hem orrhage
1. No treatm ent, 0/7
2. Saline 8.0% , 1/10

Feldman, 1997,17 
Israel

Not specified 56 m ale Sprague-D aw ley rats.
H alothane anesth esia  and divided into 

g roups with or without c lo sed  head  
traum a. Head traum a w as delivered to 
the  skull over the  frontal portion of the 
left cerebral hem isphere by a  weight 
d rop device. The 30 rats th a t survived 
head  injury w ere randomly divided into 
g roups. Hem orrhagic hypotension w as 
p roduced  by 12%  tail resection.

Randomly allocated to  early or late 
fluid resuscitation with w arm ed 
lactated  Ringer’s  solution. Volume 
infused w as th ree tim es the  total 
am ount of blood lost.

1. Early resuscitation: IV fluids sta rted  
1.25 h after injury.

2. Delayed resuscitation: IV fluids 
sta rted  2 h after injury.

Death within 
2 h

No closed  head  injury
1. Early resuscitation, 0/10
2. Delayed resuscitation, 

0/10
C losed head  injury

1. Early resuscitation, 3/10
2. Delayed resuscitation, 

3/10

G reene, 1998,16 USA Not specified 63 fem ale Sprague-D aw ley rats.
The day before the  study, the  anim als 

w ere cannulated  through the  jugular 
vein. Under light e ther an es th esia  the  
rats w ere restrained and hem orrhage 
w as initiated by a  75%  tail resection  
with a  guillotine.

R ats w ere random ly divided into three 
groups:

1. Not resuscita ted .
2. Isotonic saline 40 mL/kg.
3. Isotonic saline 80 ml_/kg.
Fluid resuscitation w as initiated 15 min 

after tail resection  and  given over a  
period of 4 min.

Death within 
6 h

1. Not resuscitated , 16/21
2. Isotonic saline 40 mL/kg, 

15/21
3. Isotonic saline 80 m U kg, 

5/21

G ross, 1988,18 Israel Not specified 36 m ale Hebrew University rats.
The rats w ere anesthetized  and  a  midline 

laparotom y w as perform ed. The 
ileocolic artery w as identified and  three 
of its major b ranches w ere incised 
longitudinally to induce uncontrolled 
intra-abdom inal hem orrhage.

Animals w ere divided into three 
groups:

1. No resuscitation.
2. IV 0.9%  saline 5 mL/kg a t a  rate of 

0.4 mL/min.
3. IV 7.5%  saline 5 mLVkg injected IV.

Death within 
3 h

1. No resuscitation, 2/9
2. IV 0.9%  saline, 3/9
3. IV 7.5%  saline, 17/18

G ross, 1989,19 Israel Not specified 51 m ale Hebrew University rats.
The rats w ere anesthetized  and 

uncontrolled hem orrhagic shock  w as 
induced by sha rp  resection of 10%  of 
the  terminal portion of the  tail.

Animals w ere divided into three 
groups:

1. No resuscitation.
2. After 5 min, IV infusion of 0.9%  

saline 5 mLAg a t a rate of 0.4 
mL/min.

3. After 5 min, IV infusion of 7.5%  
saline 5 mL/kg injected 
intravenously.

Death within 
3 h

1. No resuscitation, 3/15
2. IV 0.9%  saline, 1/14
3. IV 7.5%  saline, 16/22
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T3bl6 1 Included Trials (Continued)
0 t, . .p. Allocation 
S tudy  10 M ethod Animal M odel Intervention O u tcom es Mortality R esults

G ross, 199020 Israel Not specified

Haizlip, 1999,21 USA Not specified

Kim, 1997,22 USA Not specified

Krausz, 1991,2 
Israel

a ,b  Not specified

94 m ale Hebrew University rats.
The rats w ere anesthetized  and  a midline 

laparotom y w as perform ed. The 
ileocolic artery w as identified and three 
of its m ajor b ranches w ere incised 
longitudinally to induce uncontrolled 
intra-abdom inal hem orrhage. The rats 
w ere divided into two groups according 
to w hether or not the  abdom en w as 
closed  after induction of hem orrhage.

30 m ale rats.
U ncontrolled intraperitoneal hem orrhage 

w as induced by division of the  distal 
b ranches of the ileocolic artery and 
vein.

45 rats (5 excluded d ue  to  ca theter 
insertion problems)

After an initial volum e-controlled 
hem orrhage (3 mL/100 g), uncontrolled 
hem orrhagic shock  w as induced by 
75%  tail resection.

37 m ale Hebrew University rats.
Either (a) 8%  or (b) 50%  tail resection 

induced uncontrolled hem orrhagic 
shock.

R ats in each  of the  two groups w ere 
divided into six groups:

1. U ntreated.
2. 5 ml_/kg 7.5%  NaCI after 5 min.
3. 5 mL/kg 7.5%  NaCI after 15 min.
4. 15 mL/kg 7.5%  NaCI after 30 min.
5. 5 mL/kg 7.5%  NaCI after 60 min.
6. 5 mL/kg 7.5%  NaCI after 120 min.

Death within 
2 h

Animals w ere random ized into three 
groups:

1. No fluid.
2. 0.5 mL LR every 5 min if MAP <  80 

mm Hg.
3. 2.0  mL LR every 5 min if MAP <  80 

mm Hg.
Animals w ere random ized into four 

groups:
Norm otherm ia (37.5°C)

1. No fluid resuscitation.
2. Lactated Ringer’s  to maintain 

MAP 40 mm Hg.
H ypotherm ia (30°C)

1. No fluid resuscitation.
2. L actated Ringer’s  to maintain 

MAP 40 mm Hg.
Animals w ere random ly divided into 

four groups.
(a) 8%  tail resection.

1. No resuscitation.
2. Saline 7.5%  5 mL/kg.

(b) 50%  tail resection.
1. No resuscitation.
2. Saline 7.5%  5 mL/kg.

Death within 
3 h

Death within 
72 h

Death within 
4 h

A bdom en closed
1. U ntreated, 2/5
2. 5 mL/kg 7.5%  NaCI after 5 

min, 12/14
3. 5 mL/kg 7.5%  NaCI after 15 

min, 7/8
4. 15 mL/kg 7.5%  NaCI after 

30 min, 5/9
5. 5 mL/kg 7.5%  NaCI after 60 

min, 5/9
6. 5 mL/kg 7.5%  NaCI after 

120 min, 7/9
Abdom en open
1. U ntreated, 0/5
2. 5 mL/kg 7.5%  NaCI after 5 

min, 9/9
3. 5 ml_/kg 7.5%  NaCI after 15 

min, 1/6
4. 15 mL/kg 7.5%  NaCI after 

30 min, 1/6
5. 5 mL/kg 7.5%  NaCI after 60 

min, 2/8
6. 5 mL/kg 7.5%  NaCI after 

120 min, 1/6
1. No fluid, 1/10
2. 0.5 mL LR, 4/10
3. 2.0 mL LR, 0/10

Normothermia (37.5°C)
1. No resuscitation, 10/10
2. MAP 40 mm Hg, 9/10 

Hypotherm ia (30°C)
1. No resuscitation, 7/10
2. MAP 40 mm Hg, 3/10

(a) 8%  tail resection
1. No resuscitation, 0/8
2. Saline 7.5%  5 mL/kg, 0/8

(b) 50%  tail resection
1. No resuscitation, 0/9
2. Saline 7.5%  5 mL/kg, 7/ 

12
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T3bl6 1 Included Trials (Continued)

S tudy ID Allocation
M ethod Animal M odel Intervention O u tcom es Mortality R esults

Krausz, 1992a,25 Not specified 33 m ale H ebrew  University rats. Animals randomly divided into four Death within 1. U ntreated, 2/9
Israel Uncontrolled hem orrhagic shock  w as 

induced by resection of 12%  of the
groups:

1. U ntreated
4 h 2. 41.5 mL/kg 0.9%  NaCI after 

15 min, 0/8
terminal portion of the tail. 2. 41.5 mL/kg 0.9%  NaCI after 15 

min.
3. 5 mL/kg 7.5%  NaCI after 15 min.
4. 41.5 mL/kg 0.9%  NaCI and 5 mL/ 

kg 7.5%  NaCI after 15 min

3.

4.

5 mL/kg 7.5%  NaCI after 15 
min, 5/7
41.5 mL/kg 0.9%  NaCI and 
5 mL/kg 7.5%  NaCI after 15 
min, 1/9

Krausz, 1992b,26 Not specified 37 m ale Hebrew University rats. Animals w ere randomly divided into Death within 1. U ntreated, 2/15
Israel Uncontrolled hem orrhagic shock w as five g roups giving 5 mL/kg 7.5% 4 h 2. Saline after 5 min, 12/15

induced by 10%  tail resection. NaCI after: 3. Saline after 15 min, 8/15
1. U ntreated.
2. Saline after 5 min.
3. Saline after 15 min.
4. Saline after 30 min.
5. Saline after 60 min.
6. Saline after 120 min.

4.
5.
6.

Saline after 30 min, 0/10 
Saline after 60 min, 0/10 
Saline after 120 min, 1/10

Krausz, 1992c,27 Not specified 25 m ale Hebrew University rats. Animals w ere randomly divided into Death within 1. U ntreated, 4/13
Israel Uncontrolled hem orrhagic shock  w as th ree  groups: 4 h 2. 0.9%  NaCI, 2/6

induced by 12%  tail resection. 1. U ntreated.
2. 41.5 mL/kg 0.9%  NaCI.

3. 7.5%  NaCI, 6/6

Krausz, 1994,28 Israel
3. 5.0  ml_/kg 7.5%  NaCI.

Not specified 16 m ale H ebrew  University rats. Animals random ly divided into two D eath within 1. U ntreated, 3/8
Uncontrolled hem orrhagic shock  w as groups: 4 h 2. Saline 7.5% , 6/8

induced by transcu tan eo u s tea r  of tw o 1. U ntreated.

Krausz, 1995,29 Israel
b ran ch es of the  ileocolic artery. 2. Saline (7.5%) 5 mL/kg after 10 min.

Not specified 32 m ale Hebrew University rats. Animals randomly divided into four Death within 1. U ntreated, 2/8
Uncontrolled hem orrhagic shock  w as groups: 4 h 2. 5 mL/kg 7.5%  saline after 5

induced by transcu taneous tear of two 1. U ntreated. min, 6/8
b ran ch es of the  ileocolic artery. 2. 5 mL/kg 7.5%  saline after 5 min.

3. 5 mL/kg 9.2%  sodium  a c e ta te  after 
5 min.

4. 41.5 mL/kg 0.9%  saline infused in

3.

4.

5 mL/kg, 9.2%  sodium  
a ce ta te  after 5 min, 4/8 
41.5 mL/kg 0.9%  saline 
infused in 15 min, 2/8

Krausz, 2000,30 Israel
15 min.

Not specified 50 m ale Sprague-D aw ley rats. Animals randomly divided into five Death within Only cum ulative death  d a ta
Uncontrolled hem orrhagic shock  w as groups: 4 h reported

induced by m oderate  splenic injury. 1. U ntreated.
2. 41.5 mL/kg lactated  Ringer’s  after 

10 min.
3. 5 mL/kg 7.5%  NaCI after 10 min.
4. 7.5 mL/kg hydroxyethyl sta rch  6%  

after 10 min.
5. 15 ml_/kg hydroxyethyl starch  6%

Leppaniemi, 1996a,31
within 10 min.

Not specified 40 m ale Sprague-D aw ley rats. Animals w ere randomly divided into Death within 1. No resuscitation, 6/8
USA U ncontrolled hem orrhagic shock  w as 

induced by a  25-gauge needle puncture
th ree groups:

1. No resuscitation.
6 h 2. Lactated Ringer’s  60 mL/kg 

a t 1.5 mL/min, 2/8
to  the infrarenal aorta. 2. Lactated Ringer’s  60 mL/kg a t 1.5 

mL/min.
3. 7.5%  saline 5 mL/kg a t 1.5 mL/min.

3. 7.5%  saline 5 mL/kg a t 1.5 
mL/min, 6/8
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Table 1 Included Trials (Continued)
c . . „  ,n  Allocation 
S tudy ,D M ethod Animal M odel Intervention O u tcom es Mortality R esults

Leppaniemi, 1996b,32 
USA

Not specified

Marshall, 1997,33 USA Not specified

M atsuoka, 1996,34 
USA

Rabinovici, 1989, 
Israel

Not specified

Not specified

40 male Sprague-D aw ley rats. 
Uncontrolled hem orrhagic shock  w as 

induced in anesthetized  anim als by a 
2 5 -gauge need le  puncture to the 
infrarenal aorta.

Animals w ere randomly 
six groups:

1. No resuscitation.
2. L actated Ringer’s  60 

mL/min and given at
3. L actated Ringer’s  60 

mL/min and given at
4. L actated Ringer’s  60 

mL/min and  given at
5. Lactated Ringer’s  60 

mLVmin and given at
6. Lactated Ringer’s  60 

mL/min and given at

divided into

mLVkg a t 1.5 
2.5 min. 
mLVkg at 1.5 
5 min.
mLVkg at 1.5 
10 min. 
mLVkg at 3.0 
5 min.
mLVkg at 3.0 
10 min.

32 m ale Sprague-D aw ley rats.
Uncontrolled hem orrhagic shock  w as 

induced by preliminary bleed of 3 mLV 
100 g followed by 75%  tail am putation. 
Experim ent com prised  th ree phases: (1) 
prehospital p h ase  with uncontrolled 
bleeding and  resuscitation to either 40 
or 80 mm Hg; (2) hospital p h ase  with 
control of bleeding and  resuscitation  to 
a  m ean arterial p ressu re  of m ore than 
80 mm Hg; (3) a  3-day observation 
phase .

120 adult m ale Sprague-D aw ley rats.
Creating a  standard ized  liver injury a t the 

beginning of the shock  period induced 
uncontrolled hem orrhage.

A midline celiotom y w as perform ed and 
abo u t 65%  of the  m edian and left 
lateral lobes of the liver w ere rem oved.

50 m ale Hebrew University rats.
R ats w ere anesthetized  and uncontrolled 

hem orrhage w as induced by sharp  
resection of 10%  of the terminal portion 
of the tail.

Animals w ere random ly divided into 
four groups:

1. MAP 40 mm Hg with lactated  
Ringer’s.

2. MAP 40 mm Hg with lactated  
Ringer’s  and blood.

3. MAP 80 mm Hg with lactated  
Ringer’s.

4. MAP 80 mm Hg with lactated  
Ringer’s  and  blood.

Animals w ere random ized into four 
groups:

1. No resuscitation.
2. L actated  Ringer’s  solution 4 mLVkg.
3. Lactated Ringer’s  solution 24 

mLVkg.
4. 7.5%  saline 4 mLVkg.
Animals w ere randomly divided into

five groups:
1. No treatm ent.
2. After 5 min, 5 mL/kg 0.9%  saline at 

0.4 mL/min.
3. After 5 min, 5 mL/kg 6%  Dextran 

70 a t 0.4 mL/min.
4. After 5 min, 5 mL/kg 7.5%  saline 

w as infused.
5. After 5 min, 5 mL/kg 7.5%  saline in 

6%  Dextran 70 w as infused.

Death within 1. No resuscitation, 7/9
3 h 2. Lactated Ringer’s  60 mL/kg

at 1.5 mL/min and given at 
2.5  min, 2/6

3. Lactated Ringer’s  60 mL/kg 
at 1.5 mL/min and given at 
5 min, 1/6

4. L actated Ringer’s  60 mLVkg 
at 1.5 mL/min and  given at 
10 min, 1/6

5. Lactated Ringer’s 60 mLVkg 
a t 3.0 mLVmin and given at 
5 min, 5/6

6. Lactated Ringer’s  60 mLVkg 
at 3.0 mLVmin and given at 
10 min, 0/6

Death within 1. MAP 40 mm (LR), 2/8
3 days 2. MAP 40 mm Hg (LR + B),

1/8
3. MAP 80 mm Hg (LR), 8/8
4. MAP 80 mm Hg (LR + B),

0/8

Death within 1. No resuscitation, 15/30
4 h 2. Lactated Ringer’s  solution 4

mLVkg, 14/30
3. L actated  Ringer’s  solution 

24 mL/kg, 12/30
4. 7.5%  saline 4 mL/kg, 3/30

Death within 1. No treatm ent, 1/10
4 h 2. After 5 min, 5 mLVkg 0.9%

saline at 0.4 mLVmin, 2/10
3. After 5 min, 5 mL/kg 6%  

Dextran 70 a t 0.4 mLVmin, 
5/10

4. After 5 min, 5 mLVkg 7.5%  
saline w as infused, 6/10

5. After 5 min, 5 mL/kg 7.5%  
saline in 6%  Dextran 70 
w as infused, 6/10
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Table 1 Included Trials (Continued)

Study ID Allocation
M ethod Animal M odel Intervention O u tcom es Mortality R esults

Rabinovici, 1991,37 
USA

Not specified 21 m ale Sprague-D aw ley rats.
Rats w ere anesthetized  and uncontrolled 

hem orrhage w as induced by sharp  
resection of 15% of the terminal portion 
of the tail.

Animals w ere randomly divided into 
three groups:

1. No treatm ent.
2. Saline 7.5%  5 mLVkg 15 min after tail 

resection.
3. Saline 7.5%  41.5 mLVkg 15 min after 

tail resection.

Time to 
death  
d a ta  only 
hours

Death d a ta  not reported.

Selby, 1996,40 USA Not specified 24 Sprague-D aw ley rats.
Uncontrolled hem orrhage w as induced by 

sharp  75%  tail resection.

Animals w ere randomly divided into four 
groups:

1. No resuscitation.
2. Isotonic saline 40 mLVkg in 4 min.
3. Isotonic saline 80 mLVkg in 4 min.
4. Isotonic saline 80 mLVkg in 1 min.

Death within 
3 h

Death d a ta  not reported.

Sindlinger, 1993,42 
USA

Not specified 45 fem ale Sprague-D aw ley rats.
Animals w ere anesthetized  with 

pentobarbital and uncontrolled 
hem orrhage w as induced by 75%  tail 
resection with a  guillotine.

Animals w ere random ly divided into 
th ree groups:

1. No resuscitation.
2. Saline 0.9%  40 mLVkg over a  4-min 

interval 15 min after hem orrhage.
3. Saline 0.9%  80 mLVkg over a  4-min 

interval 15 min after hem orrhage.

Death within 
6 h

1. No resuscitation, 11/15
2. Saline 40 mLVkg, 6/15
3. Saline 80 mLVkg, 8/15

Solomonov, 2000 43 
Israel

Not specified 45 adult Sprague-D aw ley rats.
Creating a  standard ized  m assive splenic 

injury induced uncontrolled 
hem orrhagic shock  by tw o transverse 
incisions in the  rat’s  spleen.

Animals w ere random ly divided into 
th ree groups:

1. No resuscitation.
2. T reated after 15 min with 41.5 mLVkg 

0.9%  saline infused within 10 min.
3. T reated  after 15 min with 5 mL/kg 

7.5%  saline infused within 10 min.

Death within 
1 h

1. No resuscitation, 2/15
2. Saline 41.5 mL/kg, 5/15
3. Saline 5 mLVkg, 9/15

Soucy, 1995,44 a ,b ,c  
USA

Not specified 135 fem ale Sprague-D aw ley rats. 
Uncontrolled hem orrhage w as induced by 

75%  tail resection.

Animals w ere divided into th ree groups: 
(a) no anesthesia , (b) pentobarbital 
anesthesia , and  (c) droperidol and 
ketam ine anesthesia . Each of the 
groups w as then  randomly divided 
into th ree subgroups:

1. No resuscitation.
2. Isotonic saline 40 mLVkg.
3. Isotonic saline 80 mL/kg.
Each given 15 min after initiation of 

hem orrhage.

Death within 
3 h

(a) No anesthesia
1. No resuscitation, 14/15
2. Saline 40 mLVkg, 11/15
3. Saline 80 mLVkg, 5/15

(b) Pentobarbital anes th esia
1. No resuscitation, 11/15
2. Saline 40 mLVkg, 6/15
3. Saline 80 mLVkg, 8/15

(c) Droperidol and ketam ine
1. No resuscitation, 15/15
2. Saline 40 mL/kg, 10/15
3. Saline 80 mL/kg, 5/15

Soucy, 1999,45 USA Not specified 43 fem ale Sprague-D aw ley rats. 
Uncontrolled hem orrhage w as induced by 

75%  tail resection.

Animals w ere random ized into five 
groups:

1. No resuscitation.
2. M oderate volume (80 mLVkg), slow 

infusion (0.82 mLVmin).
3. M oderate volume (80 mL/kg), fast 

infusion (4.4 mLVmin).
4. High volume (283 mLVkg), slow 

infusion (0.82 mLVmin).
5. High volume (283 mLVkg), fast 

infusion (4.4 mLVmin).

Death within 
3 h

1. No resuscitation, 10/12
2. M oderate/slow, 4/6
3. M oderate/fast, 4/10
4. High/slow, 7/8
5. High/fast, 5/7

Fluid Resuscitation 
Strategies
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injury, best explained the observed heterogeneity. The hem
orrhage model produced the greatest reduction in the ob
served heterogeneity (between-study variance, tau2) from 
0.295 to 0.081. This 73% reduction is compared with 27% for 
volume of hemorrhage in the control group and 56% for risk 
of death in the control group.

Using hemorrhage model as the best indicator of severity 
of injury, animal species, volume of fluid administered in the 
intervention group, type of fluid administered, and follow-up 
time were considered for the meta-regression model. At each 
step, the variable that explained the most residual variance 
was incorporated into the model until the between-study 
variance was 0. Follow-up time and volume of fluid infused 
explained the remaining heterogeneity.

The crude stratum-specific pooled risk ratios changed a 
little when adjusted for the species used, the type of fluid 
infused, and the time at which the outcome was assessed 
(Table 2). The adjusted pooled risk ratio of death in the 
fluid-resuscitated group versus the no-fluid group, for those 
animals with an injury to the aorta was 0.48 (95% confidence 
interval [Cl], 0.33-0.71). The corresponding figures for less 
severe injuries (<50% tail resection, and other vascular in
juries) were 1.86 (95% Cl, 1.13-3.07) and 1.70 (95% Cl, 
1.01-2.85).

Normotenslve against Hypotensive Resuscitation
There were nine trials comparing normotensive versus 

hypotensive resuscitation. The pooled risk ratio for hypoten
sive compared with normotensive resuscitation was 0.37 
(95% Cl, 0.27-0.52) (Fig. 4). There was no evidence of 
heterogeneity (p = 0.38; y 2, 8.58; df, 8).

DISCUSSION
The effect of fluid resuscitation on the risk of death in 

animal models of uncontrolled hemorrhage appears to be 
related to the severity of hemorrhage. When hemorrhage is 
severe (injury to the aorta or >50% of the rat tail removed), 
fluid resuscitation reduces the risk of death; but when hem
orrhage is less severe (injury to vessels other that the aorta or 
<50% of the rat tail removed), the risk of death is increased. 
This suggests that the risks and benefits of fluid resuscitation 
are finely balanced. For those animals with less severe injury, 
the potential risks of fluid resuscitation—increasing hydro
static pressure and impaired clotting leading to increased 
blood loss and diluting the oxygen-carrying capacity of the 
blood—appears to outweigh the benefits of improved tissue 
perfusion and reduced tissue ischemia. The opposite seems to 
hold for the severest injuries. The effect of hypotensive re
suscitation was to reduce the risk of death in all the trials. 
This suggests that using a lower than normal blood pressure 
as a guide to fluid resuscitation consistently reduces the risk 
of death regardless of the severity of injury. This could be by 
ensuring that the benefits of fluid resuscitation remain the 
same and reducing the potential risks.
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Review: Animal (for haemorrhage model analysis only)
Comparison: 03 Heterogeneity 
Outcome: 01 Mortality

Fluid No fluid RR
Study n/N n/N (95%CI Random)

Weight RR
(95%Ct Random)

Bickel 1992 13/16 0 /8
Bilynskj 1992a 5/10 4/10
Bilynskj 1992b 0/10 1/10
Bilynskj 1992c 1/10 0/10
Bilynskj 1992d 0/10 1/10
Bilynskj 1992e 3/10 2/1 0
Burris 1999 9/50 9/11
Capone 1995a 14/20 9/10
Capone 1995b 3/20 1/10
Capone 1995c 9/10 10/10
Craig 1994 19/36 2 /9
Dronen 1993 7 /9 7 /8
Eigjo 1996a 6/10 5/12
Eigjo 1996b 1/10 0 /7
Greene 1998 10/42 16/21
Gross 1988 20/27 2 /9
Gross 1969 17/36 3/15
Gross 1990 50/84 2/10
Halzitp 1999 4/20 1/10
Kirn 1907 9/10 10/10
Kowalenko 1992 6/16 7 /8
Krausz 1991a 0 /8 0 /8
Krausz 1991b 7/12 0 /9
Krausz 1992a 6/24 2 /9
Krausz 1992b 21/60 2/15
Krausz 1992c 0/12 4/13
Krausz 1994 6 /8 3 /8
KrauSZ 1995 12/24 2 /8
leppaniemi 1996a 8/16 6 /8
Leppaniemi 1996b 9/30 7 /9
Matsuoka 1996 29/90 15/30
Owens 1995 1/14 1 /8
Rabinovtd 1969 19/38 1 /9
Riddez 1998 8/24 4 /8
Sakles 1997 1 /8 1 /8
Silberglett 1999 4 /5 3 /5
Sindlinger 1993 14/30 11/13
Sotomonov 2000 14/30 2/15
Soucy 1995a 16/30 14/15
Soucy 1995b 14/30 11/15
Soucy 1995c 15/30 15/15
Soucy 1999 20/31 10/12
Stern 2000 5/18 6 /8
Talmor 1999 20/68 3/1 9

(96%CI) 463/1106 215/483
Test lor heterogeneity chi-squares 126.98 df=42 p<o.00001 
Test for overall effect z=-1.24 p=0.2

0.5 14.29(0.96.213.68}
2.3 1 25(0.47,3.33]
0.4 0.33(0.02.7.32]
0.4 3.00(0.14.85.91]
0.4 0.33(0.02,7.32]
1.2 1.50(0.32,7.14]
3.3 0.22(0.11.0.42]
4.4 0.78(0.55,1.11]
0.7 1.50(0.18,12.65]
4.9 0.90(0.73,1.11]
1.7 2.37(0.87.8.38]
4.1 0.89(0.57,1.38]
2.7 1 44(0.82,3.33]
0.4 2.18(0.10,48.92]
3.5 031|0.17.05q
1.7 3.33^98,11.55]
20 2.36(0.81,6 88]
1.7 2.68p.aS.10.41]
08 2.00P.28,15.82]
4.9 0.90P.73.1.11]
3.2 0.43P.22.0.85]
0.0 Not Estimable
0.5 11.54(0.74,178.96]
1.4 1.12P.28.4.59]
1.5 2 62(0 60,9 98]
25 2.17p.87,5.37]
2.3 2.00p.75,5.33]
1.6 2.00p.56,7.09]
3.4 0.67p.35,125]
3.3 0.39p.20,0.74]
4.0 0.64(0.40.1.03]
0.5 0.43(0.03,578]

i 0.9 4.5Op.00,29.35]
25 067p.27.1 63]
0.5 1.0Qp.07,13.37]
27 1 33(0.56,3.09]
3.9 064^.30,1 04)
1.5 3.50P.91.13.44]
4.4 0.57P.40.0 82]
3.9 064p.39.104l
4.4 0.50p.35,0 72]
4.4 0.77P.54.1.11]
30 0.28(0.13,0.591
2.0 1.B6P.62.5.61]

100.0 088(0.73,107]

6 10
Favour* no fluid
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Fig. 1. Risk ratios fo r  the included studies.
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Review: Animal (for haemorrhage model analysis only)
Comparison: 01 Results by model type 
Outcome: 01 Death

Fluid No fluid RR
Study n/N n/N (95%Ct Random)

Weight RR
% (95%CI Random)

01 Aortic Injury
Bicked 1992 13/16 0 /8
Burris 1999 9 /50 9/11
Dronen 1993 7 /fi 7 /8
Elgjo 1996a 6 /1 0 5/12
Kowatenko 1992 6/16 7 /8
Leppaniemi 1996a 8/16 6 /6
Leppaniemi 1996b 9 /3 0 7 /9
Owens 1995 1/14 1 /6
Riddez 1998 8/24 4 /8
Stem 2000 3/18 6 /6

Subtotal(95%CI) 72 / 203 52/84
Test for heterogeneity chi-square»29.81 df*9 p=0.0005 
Test for overall effect i=-2 48 p=0.01

02 Organ incision
Matsuoka 1998 29 / 90 15 / 30
Sotomonov 2000 14/30 2 /1 5

Subtotal! 95%CI) 43 /120 17 / 45
Test for heterogeneity chi-sguare=6.24 df-1  p=0.013 
Test for overall effect r - 0  32 p*0 7

03 >=50% tail resection
BHynsk} 1992a 5 /1 0 4 /1 0
Bilynskj 1992b 0/10 1/10
Bilynskj 1992c 1/10 0 /1 0
Bilynskj 1992d 0/10 1/10
Capone 1995a 14/20 9 /1 0
Capone 1995b 3/20 1 /1 0
Capone 1995c 9/10 10/10
Greene 1998 10/42 16/21
Kim 1997 9/10 10/10
Krausz 1991b 7/12 0 /9
Sindlinger 1993 14/30 11/15
Soucy 1995a 16/30 14/15
Soucy 1995b 14/30 11/15
Soucy 1995c 15/30 15/15
Soucy 1999 20/31 10/12

Subtotal(95%Cl) 137/305 113/182
Test for heterogeneity chi-square=31.83 df=14 p=00042 
Test for overall effect z*-3.49 p-0.0005

04 < 50% tail resection
Bilynskj 1992e 3/10 2/10
Gross 1989 17/36 3/13

x Krausz 1991a 0 /8 0 /8
Krausz 1992a 6/24 2 /9
Krausz 1992b 21/60 2/15
Krausz 1992c 8/12 4/13
Rabinovld 1989 19/38 1 /9
Talmor 1999 20/68 3 /1 9

Subto(al(95%CI) 94 / 256 17/96
Test for heterogeneity chi~square=1.62 df=B 
Test for overall effect z*3.08 p»0.002

p=0 94

05 Other vessel injury
Craig 1994 19/36 2 /9
EtQjo 1996b 1/10 0 /7
Gross 1988 20/27 2 /9
Gross 1990 50/64 2 /  fO
Haizlip 1999 4/20 1 /10
Krausz 1994 6 /8 3 /8
Krausz 1995 12/24 2 /8
Sakles 1997 1 /8 1 /8
Silberglei! 1996 4 /5 3 /5

Subtotal(95%Cl) 117/222 16/74
Test for heterogeneity chi-square=2.59 df=8 p=0.96 
Test for overall effect z*3.20 p*0.001

Total{95%Ct) 463/1106 215/483
Test for heterogeneity chr-square= 126.99 df=42 p<0.00001 
Test for overall effect z=-1 24 p=0 2

1.5
2.5 
0.9 
2.0

11.5

14.29(0.96,213.68)
0.22)0.11.0.42]
0.89(0.57,1.38]
1.44(0.62,3.33]
0.43(0.22,0.85]
0.67(0.35.1.25]
0.39(0.20.0.74]
0.43(0 035.781
0.8710.27,1.63]
0.28(0.13,0.50]
0.58(0.36,0.89]

0.64(0.40.1.03]
3.50(0.91.13.44]
1.35(0.23,7.88]

1.25(0 475.33] 
0.33(0.02,7.321 
3.00(0.14.65.91] 
0.33(0 02,7.32] 
0.78(0.55.1.111
I.50(0.18.12.85] 
0.90(0.73,1.11] 
031(0.17,0.56] 
0.90(0.73,1.11]
II.54(0.74,178.96] 
0.64(0.39,1 04] 
0.57(0.40,0.82] 
0.64(0.39,1.04] 
050(0.355.72] 
0.77(054,1.111 
0.70(058,0 86)

1.50(0.32,7.14]
2.38(0.81,6.88]
Not Estimable
1.12(0.28,459]
2.62(0.69.9.98]
2.17(0.87,5.37]
4.50(0.6959.351
1.88(0.62,5.61]
207(1.30,358]

1.7 2.3710.67.8.38]
0.4 2.1810.10.46.92]
1.7 3.33(0.96,11.55]
1.7 2.98(0.85,10.41]
0.8 2.00(0.26.15.82]
2.3 2.00(0.75.5,33]
1.6 2.00(056.7.09]
0.5 1.00(0.07.13.37]
2.7 1.33(058,3.09]

13.2 2.01(1.31.3.06]

0.88(0.73.1.07]

1  1 i $ To
Favours fluids Favoirs no fluids

Page 1

Fig. 2. Risk ratios fo r  the included studies stra tified  b y  hem orrhage model.
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Review: Animal (for haemorrhage model analysis only)
Comparison: 06 Ordered by blood loss In the control group 
Outcome: 01 Mortality

Fluid No fluid RR Wilght RR
Study n/N n/N (95%CI Random) % (95%C! Random)

Bickeil 1992 13/16 0 /8
Bilynskj 1992a 5/10 4/10
Bilynskj 1992b 0/10 1/10
Bilynskj 1992c 1/10 0/10
Bilynskj 1992d 0/10 1/10
Bilynskj 1992e 3/10 2/10
Bums 1999 9/50 9/11
Capone 1995a 14/20 9 /1 0
Capone 1995b 3 /2 0 1/10
Capone 1995c 9/10 10/10
Craig 1994 19/38 2 /9
Dronen 1993 7 /9 7 /8
Greene 1996 10/42 16/21
Gross 1969 17/36 3/15
Kim 1997 9 /10 10/10
Kowalenko 1992 6/16 7 /8

x Krausz 1991a 0 /8 0 /8
Krausz 1991b 7/12 0 /9
Krausz 1992a 6/24 2 /9
Krausz 1992b 21/60 2/15
Krausz 1992c 8/12 4/13
Leppaniemi 1996a 8 /1 6 6 /8
Leppaniemi 1996b 9/30 7 /9
Matsuoka 1996 29/90 15/30
Owens 1995 1/14 1 /6
Rabinovid 1989 19/38 1 /9
Riddez 1998 8/24 4 /8
Sakles 1997 1 /8 1/8
Sifbergleft 1996 4 /5 3 /5
Sindlinger 1993 14/30 11/15
Sotomonov 2000 14/30 2/15
Soucy 1995a 16/30 14/15
Soucy 1995b 14/30 11/15
Soucy 1995c 15/30 15/15
Soucy 1999 20/31 10/12
Stem 2000 5/1 8 6 /6
Talmor 1999 20/68 3 /1 9

Subtotal(95%CI) 364 / 923 200 / 419
Test for heterogeneity chi-square=96.03 df=35 p<0.00001
Test lor overall effect z*-2.58 p=0.010

02 8tood loss volume not reported
Elgjo 1996a 6 /1 0 5/12
Eigjo 1996b 1 /10 0 /7
Gross 1988 20/27 2 /9
Gross 1990 50/84 2/10
Haizlip 1999 4 /2 0 1 /10
Krausz 1994 6 /8 3 /8
Krausz 1995 12/24 2 /8

Subtotal(95%CI) 99/183 15/64
Test for heterogeneity chi-square*1.7 9 df=8 p=0 94
Test for overall effect z*3.06 p»0.002

Totai(95%CI) 463/1106 215/483
Test tor heterogeneity ctt-square=126.99 <tt=42 p<0.00001 
Test tor overall effect z=-1.24 p=0 2

14.29(0.96,213 68]
125(0.47,3.33]
0.33(0.02,7.32]
3.00(0.14,65.91]
0.33(0.02,7.32]
1 50(0.32,7.14] 
0.22(0.11,0.42] 
078(0.55,1.11]
I.50(0.18,12 65]
0 90(0.73,1.11] 
2.37(0.07,8.38] 
0.89(0.57,1.38] 
0.31(0.17,0.56] 
2.36(0.81,6.88) 
0.9010.73,1.11] 
0.43(0 22,0.85]
Not Estimable
II.54(0.74,178.96] 
1.12(0.28,4.59] 
2.62(0.60,9.98] 
2.17(0.87,5.37] 
0.67(0 35,1.25] 
0.39(0.20,0.74] 
0.64(0.40.1.03] 
0.43(0.03,5.70] 
4.50(0.69,29.35] 
0.67(0.27,1.63] 
1.00(0.07,13,37] 
1.33(0.58.3.09] 
0.64(0.39.1.04] 
3.50(0.91,13.44] 
0.57(0.40,0.82] 
0.64(0.39,1.04] 
0.50(0.35.0.72] 
0.77(0.54,1.11] 
0.28(0.13.0.591 
1.86(0.62,5.61] 
0.78(0.64,0.94]

1.44(0.62,3.33] 
2.18(0.10,46.92} 
3.33(0 96,11 55] 
2.98(0.85,10.41] 
2.00(0.26.15.62] 
2.00(0.75,5.33] 
2.00(0.56,7.09] 
2.05(1.30,3.26]

0.88(0.73.1.07]

Favours no fluid

Fig. 3. Risk ratios fo r  the included studies ordered  b y  volum e o f  b lood  loss reported  in the control group.
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Table 2 Crude and Adjusted Pooled Risk Ratios of the Risk of Death in Those Resuscitated with Fluid versus 
Those with No Fluid, Stratified by Hemorrhage Model

H em orrhage Model C rude RR (95%  Cl) p Value A djusted RR (95%  Cl)a p  Value

Aortic injury 0.56 (0.36-0.89) 0.01 0.48 (0.33-0.71) <0.001
Organ incision 1.35 (0.23-7.88) 0.7 0.76 (0.49-1.18) 0.229
> 50%  tail resection 0.70 (0.58-0.86) 0.0005 0.69 (0.38-1.25) 0.221
< 50%  tail resection 2.07 (1.30-3.28) 0.002 1.86 (1.13-3.07) 0.015
Other vessel injury 2.01 (1.31-3.08) 0.001 1.70 (1.01-2.85) 0.046

a Adjusted for resuscitation fluid used , time a t which mortality w as a s se s se d , and the  animal used .

Limitations of the Systematic Review
The most fundamental limitation of this study is that the 

included trials involve animal models, and so the way they 
relate to real human injuries is unclear. Although the species 
used did not explain much of the heterogeneity between trials 
and the pooled risk ratios were adjusted for this, these results 
cannot necessarily be extrapolated to humans. These animal 
models do not reflect the complexity of multiple injuries or 
comorbidities and would not represent the quality of health 
care a human would experience in hemorrhagic shock. 
Equally, a wide variety of anesthetics were used, with only 
two articles directly comparing the effects of anesthetics on 
small numbers of animals.9 45 This was not a prespecified 
source of heterogeneity and so interpretation is difficult. 
Different anesthetics have different profiles of cardiovascular 
and respiratory depression. Depressing these reflexes is likely 
to result in worse shock for any given fluid infused, compared 
with a conscious animal or human. It is also likely to result in 
the need for more fluid to achieve a given fluid target. 
However, stratification by anesthetic suggested that it was not 
a major explanatory factor.

Because the outcomes were assessed within the first 3 
days, care is required before extrapolating these results to 
long-term mortality. In humans, it is known that deaths from 
trauma occur over several weeks, with those dying after a 
couple of days dying of organ failure and sepsis 4 A hypo
tensive resuscitation strategy could increase these deaths fur
ther. However, with improved critical care unit management 
of organ failure and sepsis, this might be less of a risk in 
humans. Where possible, data were extracted to be analyzed 
on an intention-to-treat basis. However, we cannot be certain 
how individual authors dealt with the issue of animals dying 
before fluid therapy was begun.

Results from the exploration of heterogeneity should 
always be treated skeptically. They are equivalent to sub
group analysis within a trial. The overinterpretation of such 
results needs to be carefully avoided. The results can, at most, 
be considered as interesting hypotheses for further trials 
rather than results in themselves.

We used a traditional meta-analysis for the presentation 
of the subgroup analyses in which individual studies have 
standard errors and these (together with the between-study 
variance for Fig. 2) are used to determine the study-specific 
weights. To deal with zeros, 0.5 is added where necessary.

The study by Bickell et al. in Figure 1 demonstrates the 
weakness of this approach. The results are 13 of 16 versus 0 
of 8, giving a risk ratio of 14.29 (95% Cl, 0.96-213.68). The 
point estimate and upper confidence limit should be infinity, 
and this highly significant result should not have a confidence 
interval that encompasses 1. Therefore, the reported risk 
ratios and confidence intervals for the individual trials should 
be interpreted with caution where no deaths occurred in either 
the control or the intervention arm. However, this concern 
does not carry over to the pooled effect estimates.

Comparison with Human System atic Reviews
To assess the applicability of an animal systematic re

view to humans, a comparison with the human literature is 
useful. A systematic review of randomized, controlled trials 
investigating the timing or volume of fluid resuscitation in 
humans provided no evidence to support early or larger vol
ume fluid administration.5 The advantage of this systematic 
review is that it reflects the available evidence in humans. 
The disadvantage is that it consisted of only five trials, two of 
which only reported coagulation data. Systematic reviews of 
other strategies to normalize the blood pressure in bleeding 
trauma patients all suggest that they could be harmful.52 
These results provide some reassurance that this animal sys
tematic review may be applicable to humans.

Implications of the Results
This systematic review demonstrates that the effect of 

fluid resuscitation on the risk of death in animal trials de
pends on the severity of hemorrhage. If this is applicable to 
humans, results from fluid versus no-fluid resuscitation trials 
may be highly dependent on the exact nature of the injuries in 
the recruited participants.

A large number of people could potentially be saved if 
hypotensive resuscitation proved to be of benefit in humans. 
If it led to just a 5% absolute risk reduction (the animal 
studies demonstrated a 41% absolute risk reduction) from 
20% to 15% and only 50% of the 3 million people dying each 
year from hemorrhagic shock could be resuscitated to a nor
motensive target, this would mean an extra 375,000 people 
per year could survive.

It seems a reasonable hypothesis that as the trials of 
hypotensive versus normotensive resuscitation gave consis
tent results, the same might occur with human trials as well.
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Review: Animal (for resusc bp targets analysis only)
Comparison: 01 Hypotensive vs. normotensive resuscitation 
Outcome: 01 Death

Hypotensive Normotensive RR Weight RR
Study n/N n/N (95%CI Random) % (S5%CI Random)

Burris 1999 3/19 6/31 87 0.82(0.23,2.88)
Capone 1995a 4/10 10/10 17.2 0.40(0.19.0 85)
Capone 1995b 0/10 3 /1 0  ^ 14 0.14(0.01,2 45)
Kowalenko 1992 1 /8 5 /8 H 3.0 020(0.03.1.35)
Marshall 1997 3/16 8/16 i 8.3 0.38(0.12,1.16]
Stem 1993 3/18 7 /9 B 8.9 021(0.07.0.64)
Stem 1995 5/36 14/18 14 1 0.18(0.06.0 42]
Stem 2000 1 19 4 /9 2 8 025(0.03.1.82)
Tatmor 1999 11/27 52/68 37.6 0.53(0.33.086)

T0taK95%CI) 31/153 109/179 
Test for heterogeneity chi-square-8.56 df=8 p*0.38 
Test for overall effect z»-5.75 p<0 00001

♦ 100.0 0.37(027.0.52)

Favour* hypotenifc* Favour* normolerwv*

Page 1

Fig. 4. Risk ratios for the studies com paring hypotensive versus norm otensive resuscitation.
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The human systematic reviews suggesting potential harm of 
blood pressure normalization strategies add to the need for 
trials in this area. Discovering acceptable blood pressure 
targets in patients of different ages with different comorbidi
ties that lead to long-term mortality and morbidity reduction 
could be useful.
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06 Efficacy of substitution therapy with PPSB concentrate in intensive care patients  

RD Fitzgerald, A Zalewski, W Oczenski, H Haumer, H Krenn, S Schwarz
L Boltzmann Institute for Economics of Medicine in Anesthesia & Intensive Care, and Department Anesthesia & Intensive Care, Lainz 
Hospital, Vienna, Austria

Introduction: Substitution of clotting factors is one of the most 
costly therapies in ICU treatment. However, efficacy of such treat
ment in clinical practice is poorly investigated. In a multi-centre trial 
we evaluated if substitution of PPSB-concentrate is able to raise 
clotting parameters.

Methods: In a multi-centre observational trial in 27 Austrian Hospi
tals and following ethics committee approval 280 patients (median 
age 58 [6-93]) were included in the study. During the observation 
period all patients requiring substitution with PPSB concentrate 
were included. No trigger-levels and no prescribed dosage was 
defined but patients received a PPSB-concentrate containing the 
vitamine K dependent factors II, VII, IX, X and the vitamin-depen
dent inhibitors C and S (Prothromplex® Total S-TIM 4, Baxter) as

regarded clinically necessary by the physician concerned. Change 
in coagulation parameters, dosage applied, and adverse side- 
effects were registered. Statistical analysis based on the intention- 
to-treat principle while using the last value technique.

Results: Median dose applied was 21.4 IU/kg and lead to a 
median rise in Quick test from 38 to 62% . No side effects were 
reported. The increase was clinically sufficient in all cases and no 
further substitution was required.

Conclusion: For the first time in a representative number of patients 
we showed that the substitution of 1 IU/kg bodyweight PPSB con
centrate raised Quick test by about 1%. Use of PPSB concentrate 
is save and no side effects, especially thrombosis were reported.

Assessm ent of rVlla as a universal haem ostatic  agen t in a m odel of haem odilution  

S Chillala, PA Evans, KJ Pasi
Accident and Emergency Department, Leicester Royal Infirmary and Division of Haematology, University o f Leicester, Leicester, UK

Haemostatic failure, secondary to large volume fluid replacement, 
is a major component to the mortality and morbidity associated 
with blunt trauma. Progressive bleeding in multiply injured patients 
is due to both dilution effects and specific inhibitory effects on 
platelet function of the colloids used. Recombinant factor Vila 
(rVlla) is seen increasingly as a possible universal haemostatic 
agent that could act to reverse or prevent haemostatic failure asso
ciated with dilution and the direct effects of the colloids within the 
‘Golden’ hour of haemorrhagic shock.

W e have conducted a pilot preclincal study to evaluate the poten
tial role of rVlla as a universal haemostatic agent in a model of large 
volume fluid replacement using thrombelastography (TEG). TEG is 
a method of global haemostasis assessment, providing information 
on the rate of clot formation, clot strength and durability.

Whole blood samples from normal donors were tested undiluted 
(100%) or diluted (50% and 80% ) with standard colloid replace
ment solutions (Haemacel, Albumin, Gelofusine, Hydroxyethyl starch) 
and N/Saline. Global haemostasis was assessed in the TEG, ±  90  
pg/kg rVlla added. In undiluted blood (100%) there were no statisti
cally significant changes in any TEG parameter when rVlla was 
added. At dilutions of >  50%  addition of rVlla significantly improved 
the kinetics of clot formation and rate of platelet reactivity, P  <  0.05, 
although time to the start of coagulation and final clot strength were 
not significantly different. The beneficial effects of addition of rVlla 
did not differ between different fluid replacement solutions.

Addition of rVlla therefore appears to improve markers of global 
haemostasis in this model of large volume fluid replacement. 
Further work is required to assess its potential value as a universal 
haemostatic agent in the setting of blunt trauma and large volume 
fluid replacement.

P108 M easurem ent of serum  transferrin receptor (sTfR) in critically ill patients

S Kolias*, H Nikolaou*, P EleftheriadP, N Sakarelou+, A Fortis*, M Laskou*, N Maguina*
*ICU, Konstantopouleion General Hospital, 'Ag Olga', Nea Ionia 14233, Athens, Greece; tHaematology Department, 'Elpis' General 
Hospital, Athens, Greece

Introduction: Measurement of sTfR is an important hew hemato
logical parameter. Laboratory studies have indicated that sTfR 
values are elevated in anemias associated with enhanced erythro- 
poiesis and tissue iron deficiency only. The aim of this study was to 
demonstrate whether iron deficiency, expressed through elevations 
of sTfR, constitutes an important etiologic component of ICU 
patients’ anemia.

Methods: Twenty-seven patients were studied (10 male, 17 
female), mean age 65.4 ±  4.0 years and mean APACHE II score of 
16.5 ±  1.0. Five patients had sepsis syndrome, 12 severe sepsis, 
8 had septic shock and 2 patients suffered from multiple organ 
failure. Patients who presented with a bleeding episode were 
excluded from the study. W e measured sTfR, hemoglobin, hemat
ocrit, serum iron concentration and ferritin'and calculated APACHE

S50

II and sepsis score on day 1, 4 and 8 of ICU stay. For the measure
ment of sTfR, monoclonal antibodies were used.

Results: All critically ill patients had sTfR values at the lower level 
of the normal range (0.93 ±  0.5 mg/l, with normal values ranging 
between 0.94 and 1.28 mg/l). Though all sTfR values were found 
in the normal range, variations of transferrin receptors were corre
lated to sepsis score, hemoglobin and hematocrit on correspond
ing days. Statistical analysis revealed no significant difference.

Conclusion: Investigation of anemia in critically ill patients 
includes bone marrow examination for iron status determination. 
This invasive procedure can now be substituted by transferrin 
receptors’ measurement, since ferritin levels are not reliable in 
septic patients, as it is the case with all acute phase proteins.
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Methods: The anti-Xa kinetic (0, 11 3, 6, 12 hours) following 40  mg 
of enoxaparin S C  was investigated in 16 ICU patients (group 1; 
age 61.1 ± 1 6  years; m/f 7/9, APACHE II 20.9 ±  7, mechanical 
ventilation n = 1 5 ,  vasopressors n = 1 3 )  and 13 non critically ill 
patients on the general ward (group 2; age 61.7  ± 9  years, m/f 
7/6) requiring prophylactic anticoagulation. Patients with impaired 
renal function or requiring hemofiltration and those requiring thera
peutic anticoagulation were not eligible.

Results: Mean anti-Xa levels were consistently lower in group 1 vs 
group 2 on ANOVA (P =  0.001 between groups and over time) as

was the AUC0_12 hours (2.6 ±  1 vs 4.2 ±  1.7 U/mi*h, gr0Up 1 vs 2, 
P =  0.008). BMI (25.7 ±  5 vs 24 ±  6 kg/m2) and creatinine clear
ance (67.5 ± 3 1  vs 67.7 ±  27 mg/dl) were comparable in both 
groups (P = n s ). The peak anti-Xa level 3 hours after administration 
was negatively correlated to the BMI ( r = -0 .4 1 ,  P < 0 .0 3 ) and the 
norepinephrine dose ( r = -0 .3 6 ,  P — 0.056).

Conclusion: It is cautiously concluded that the SC administration 
of established doses of prophylactic enoxaparin might not be 
appropriate in the critically ill patient requiring vasopressor support 
and mechanical ventilation.

P 1 2 7  Follow  up study in the  assessm en t o f rVlla as  a un iversa l haem osta tic  agen t in a m odel of haem od ilu tion _______________

S C h i!la la \ KJ Pasi1-, PA Evans*
*Department o f Accident & Emergency Medicine, Leicester Royal Infirmary, Leicester, U K ;fDivision o f Haematology, University of Leicester, 
Leicester, UK

Introduction: Large volume fluid replacement to treat haemor- 
rhagic shock can result in haemostatic failure due both to a dilution 
effect [1] and an intrinsic effect [2,3]. Recombinant factor Vila 
(rVlla) is seen increasingly as a possible universal haemostatic 
agent that could act to reverse or even prevent the dilution and 
intrinsic effects of fluids used within the ‘golden’ hour of haemor- 
rhagic shock. Our preliminary findings demonstrated that rVlla 
appeared to improve markers of global haemostasis in a model of 
large volume fluid replacement. This follow up study assessed 
what effects rVlla had on global haemostasis and the electron 
microscopic appearances of clot formation when haemaccel or 
sodium chloride were used as diluents to create a model of large 
volume fluid replacement.

Methods: One hundred whole blood samples from normal donors 
were tested undiluted, or diluted to 50%  and 80%  using haemaccel 
or sodium chloride (NaCI).Each sample was tested with and without 
addition of 90pg /kg  of rVlla. Global haemostasis was assessed 
using thrombelastography (TEG). Parameters measured were: Time 
to initial fibrin formation (R), Time to 20 mm clot amplitude (K), 
Rapidity of fibrin build up and cross-linking (a), Maximum clot ampli
tude. (MA), Time to MA (TMA), and Clot firmness (G). Haemostatic 
testing was terminated when maximum clot amplitude was reached 
and samples were then examined by electron microscopy.

Results: One hundred samples analysed. Twenty samples for each 
of five fluid groups. Each sample tested ±  rVlla. Without addition of

rVlla, an intrinsic effect with worsening of TEG parameters was 
noted with increasing dilution in the fluid groups. Addition of rVlla 
produced significant improvement in TEG parameters: P <  0.05 R, 
K, a, TMA for all fluid groups; P <  0 .05  MA and G for 80%  Haem, 
50%  and 80%  NaCI. Moreover with increasing dilution there was a 
greater relative improvement in TEG parameters in rVlla added 
groups. When fluid groups were compared to each other to see if 
the beneficial effects of rVlla produced a difference, no significant 
difference was found between groups except for 50%  haemaccel 
compared with 50 %  NaCI where K, MA and G were significantly 
better (P < 0 .0 5 )  in the haemaccel group. Electron microscopy 
demonstrated a reversal of both the dilution and intrinsic inhibitory 
effects, with increased fibrin deposition and meshwork with greater 
cross-linking following addition of rVlla.

Conclusion: In this in vitro model of large volume fluid replacement 
with associated haemodilution, the addition of rVlla appeared to 
improve markers of global haemostasis and caused increased 
fibrin deposition with a tighter resultant meshwork on electron 
microscopy. Further work is required to assess the potential value 
of rVlla as a universal haemostatic agent in trauma settings involv
ing large volume fluid resuscitation.

References:
1. Hewson JR, et al: Crit Care Med  1985 ,13 :387-391 .
2. Mardel SN, et al: Br J Anaesth 1998, 80:204-207.
3. Evans PA, et al.: Br J Anaesth 1998, 8 1 :198-202.
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C H U  de Grenoble, B P 2 17, 3 8 0 4 3  Grenoble cedex 9, France

Recombinant activated factor VII (rFVIIa-NovoSeven®-Novordisk) 
was first developed to treat severe bleeding episodes occurring in 
patients with haemophilia A or B with inhibitor. Complexed with 
tissue factor, it activates the factor x  and allows transformation of 
prothrombin into thrombin, independently of factors VIII and IX. The 
success of rFVIIa in controlling haemophilic bleedings has led to 
use it, punctually for other serious bleedings in liver transplantation, 
cardiac surgery or in cirrhotic patients.

W e report five cases of patients hospitalised in intensive care unit, 
with haemorrhagic shock or severe haemostasis disorder. Despite 
of massive transfusions and usual resuscitation therapeutics, their 
clinical course was pejorative. Then, they were given a 90  pg/kg 
rFVIIa intravenous dose. See Table overleaf.

A dramatic improvement occurred in a few hours. The majority of 
haemorrhages stopped after one or two rFVIIa doses administra
tion. The immediate correction of haemostasis disorders allowed a 
reduction in blood transfusions amount and a decreasing of amine 
support requiring. One patient presented a thrombosis of the 
portal venous system quickly corrected, but no other adverse event 
could be attributed to rFVIIa.

rFVIIa-NovoSeven® appears to be of great interest in the treatment 
of uncontrolled haemorrhage in intensive care units. It can be con
sidered as an efficient and safe therapy. Nevertheless, because of 
its high price and of the very preliminary nature of the data we 
report, further investigations are necessary before using this 
product as a routine treatment. S 5 9
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Introduction

Haemostatic failure, secondary to large volume fluid replacement in trauma, is a major contributor to the 

morbidity and mortality associated with trauma. Volume replacement in the shocked patient, especially with 

colloids, has been suggested to increase mortality.1'2'3 Previous studies have suggested that in combination 

both the volumetric and intrinsic qualities of these colloids may lead to ongoing haemmorrhage by their 

effects upon the haemostatic process.4'5'6'7’8'9'1'

In the setting of major trauma. Advanced Trauma Life Support (ATLS) guidelines on hypovolaemic shock 

require restoration of the circulating volume to ensure adequate tissue perfusion. Several authors have 

emphasised that the intrinsic properties of these colloids directly affect haemostasis by affecting clot quality 

when measured by the thrombolystogram4'5'6’8'9

Recently, new therapeutic options have become available which may give the clinician the opportunity to 

improve clot quality early on and thereby reduce the risk of further haemorrhage. Such options could have 

the potential to overcome both the volumetric and intrinsic effect of these early resuscitative fluids, prior to 

definite treatment. Amongst these is recombinant Vila (NovoSeven). Recombinant Vila is a clotting factor 

that complexes with tissue factor (TF) and initiates coagulation with the production of thrombin11 which 

ultimately leads to fibrin formation and a stable blood clot. Although rVlla is licensed for use in patients with 

inhibitors to clotting factors VIII and IX12, it is increasingly seen as a possible universal haemostatic agent. 

Anecdotal reports in the literature have shown infusion of rVlla to be effective at arresting severe 

haemorrhage in the context of a major trauma,13'14"15'16 unremitting gastrointestinal haemorrhage17'18 and post surgical 

bleeding.19'20'21 Mechanisms of its haemostatic action in such situations is not entirely clear but may be due to a

  'y y j j  'y isyA

combination of inhibition of TFPI pathways and enhancement of thrombin generation on platelet surfaces. -
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The majority of the experience to date is case report based25 and there is limited experimental data that shows 

that recombinant Vila has a role in preventing or treating the multifactoral haemostatic failure that occurs 

secondary to large volume fluid replacement in the setting of major trauma or major blood loss.

Our study aimed to create a "worst case" scenario to determine whether rVlla is able to improve both the 

volumetric and intrinsic effects of two common, resuscitative fluids. An in vitro model was constructed using 

the thrombolystogram to assess global haemostasis. Our model uses crystalloid and colloid (gelatins), which 

have previously been reported as affecting clot quality,26'27 dilutions much larger than previously used before, 

no TF and the currently licensed dose of rVlla. Improvement in clot quality was also assessed using scanning 

electron microscopy to determine the effect of rVlla upon clot quality and structure.
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Materials and Methods

Sample collection

Ethical approval was granted from the Local Research Ethics Committee. Venous blood was collected from 

20 normal donors who did not have any pre existing conditions and who were currently not on any 

medication that was likely to affect coagulation e.g. aspirin, NSAIDs. Blood was drawn into 3.8% trisosium 

citrated at a 1:10 ratio.

Dilutional model

Dilutions for the model were ascertained by reviewing the typical total volumes of fluids that patients 

received following major trauma within the preop and operative phase within our institution. A review of the 

trauma database showed that people with an ISS (Injury Severity Score) >16 received a fluid load that 

equated to approximately 80% haemodilution. Patients with ISS <16 received around a 50% haemodilution. 

Haemaccel (3.5% w/v polygeline) and Sodium Chloride (0.9% w/v) were chosen for the model as typical of 

the type of fluids that trauma victims would receive within a typical Accident and Emergency Department 

when the ATLS guidelines are followed.28

rVlla (NovoNordisk, Pease Pottage, UK) was reconstituted as per manufacturers instructions and then 

further diluted to a give final concentration of 90ug/kg in 6 ul in the test system.

Blood samples were divided into five categories for testing; undiluted blood, blood diluted with Haemaccel 

(Beacon Ltd) to 50% and 80% dilutions, and blood diluted with 0.9% NaCI (Baxter Healthcare UK) to 50% 

and 80%. Each sample was freshly prepared at the time of testing.
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Thrombelastographv.

Global haemostasis was assessed using the Haemoscope TEG analyser 5000 series (Medicell, London). For 

testing, plastic cups (total volume 360ul) were placed in cup wells and 334(al of sample were added to the 

cups. Coagulation was initiated by the addition of 20ul 0.2M calcium chloride +/- 6ul rVlla

Cups were then oscillated in the instrument through an angle 4° 45', each rotation lasting 10 seconds. As the 

clot formed the developing fibrin platelet bonds linked the torque of the rotating cup to a pin suspended in the 

sample figure 1. The strength of these fibrin platelet bonds affected the magnitude of the pin motion, such 

that strong clots moved the pin directly in phase with the cup motion. As the clot lysed, the bonds were 

broken and the transfer of cup motion was diminished. Rotational movement of the pin was monitored and 

interpreted by a computer, to produce a haemostatic profile both graphically see figure 2 and numerically. 

The derived values provide information on the rate of clot formation, clot strength and durability. Parameters 

measured were TMA, G, K and a angle (see figure 2).

At the point when maximum clot amplitude was reached, testing was terminated, the cups were removed 

from the TEG analyser and blood samples tipped into 4% glutaraldehyde solution for fixation prior to 

examination by scanning electron microscope.

Figure 1. Diagram illustrating the mechanics of TEG operation.

 : Transducer

Cup
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Figure 2. A normal TEG tracing. Phases of coagulation are outlined and derivation of parameters. Normal

ranges are given in parenthesis.29

F ib rin o lys is  — ►C o ag u la tio n

(3-7 m in) 

(31-49 a e s )
TMA

Scanning Electron Microscopy

Jeol 100 CX electron microscope was utilised to allow examination of the clot ultrastructure. Samples 

were initially fixed and dehydrated using Hexamethyldisilazane chemical dehydration process. 

Dehydrated samples were mounted onto a stub, which enabled the sample to be held tightly in the rod to 

facilitate introduction to the electron beam Stubs, with attached samples, were sputter coated with a 

fine layer of a gold/palladium nix. Coating with a metal layer is necessary to allow the secondary 

electrons to be "bounced" back off the surface of a sample and be then collected by the electron 

microscope detector to produce the scanning electron microscopic image. All images were taken at 

the same resolution; photography using Ilford FP4 roll film was used to keep a record of the images.

All SEM images obtained in this study and included in the summary showed that there was a direct 

correlation with the corresponding results obtained on the thrombolystogram. Both the intrinsic and 

dilutionary effects of the recussitation fluids were clearly seen and matched in both the TEG and the 

SEM. Furthermore the clear therapeutic effect of the FVIIa of overcoming the individual effects of these 

fluids was clearly seen in both the TEG and the SEM. The images included in the summary were those 

which best illustrated these effects

6



Statistical Analysis

Data analysis was conducted using SPSS vll.O except for confidence intervals that used Altmans' computer 

package.30 Data was mixed between normal and non-normal, skewed distribution. Wilcoxon Signed Rank 

Test was used as the data was classed as being paired and nonparametric. P values were calculated and were 

deemed to be statistically significant with values of p= <0.05. Group differences were calculated and then 

compared to whole blood as percentage change to allow a clinically relevant comparison. All values were 

rounded up to one decimal place and are medians.

Results

Effect of diluent

All parameters were effected by dilution; the greater the dilution, the greater the negative effect upon 

coagulation (clot formation and clot quality). Parameters affected the most were G (table & graph d) and K 

(Table & graph a); at 80% NaCI dilution G was reduced by 74% and K was reduced by 123%.

Type of Diluent

Diluents had differing effects upon coagulation; NaCI had a greater negative effect upon blood than 

Haemaccel. G (table & graph d) was reduced by saline by 46% compared to 8% in the Haemaccel group 

(50% dilution group).

Effect of rVHa

In all cases, at all dilutions, rVlla improved the derived parameters although the improvement did not return 

the diluted parameters back to those of whole blood. In undiluted whole blood, addition of rVlla increased 

the coagualbility of the blood, the largest percentage changes occurred in the clot kinetic parameters, a 

(table & graph b) and K (table & graph a), 20% (p=<0.008) and 22% (p=<0.001) respectively. Overall 

measurements of clot formation, G (table & graph d) and TMA (table & graph c) were also improved but not



At the varying dilutions it was the clot kinetic measurements that showed the greatest improvement upon the 

addition of rVlla. K (table & graph a) showed the greatest improvement with addition of rVlla and also 

showed the greatest proportional improvement with increasing dilution. At 50% dilution the improvement 

was 29% (p=<0.003) for Haemaccel and 16% (p=<0.001) for NaCI, with an increase to 57% (p=<0.001) and 

67% (p=<0.05) improvement at 80% dilution respectively. Proportional improvements were similar at fixed 

dilutions irrespective of the diluent. Haemaccel, whilst benefiting from rVlla, did so to a lesser extent in 

comparison with saline, albeit the differences were small. K (table & graph a) always improved to a greater 

degree than a (table & graph b) especially at the higher concentrations, which saw improvements ranging 

from 57% (p=<0.001) to 67% (p=<0.005) dependant upon the diluent.

Electron Microscope Results

Improvement in thrombus formation following addition of rVlla is also shown qualitatively in scanning 

electron microscopic examination of samples. All of these samples were taken at the same resolution and the 

trends seen in these pictures were seen throughout the series. Representative images are shown in figures la 

to 5b. For undiluted blood, control without addition of rVlla (figurela), the fibrin network appeared looser 

and diminished compared with the rVlla added sample (figurelb), where the fibrin meshwork was more 

abundant with greater cross linking. Ultra structural appearance of the 50% (figure 2a) and 80% (figure 4a) 

Haemaccel samples also demonstrated a looser fibrin meshwork, which was reversed with the addition of 

rVlla producing a tighter, denser meshwork (figure 2b, 4b). Similar appearances were seen for 50% (figure 

3a-b) and 80% NaCI (figure 5a-b).

8



Parameter K

Fluid Tvoe
Actual
Value

T rea tm en t Effect P value

WB 6.5
WB with rVlla 5.1 1.4* <0.001

50% Haemacell 5.8
with rVlla 4.3 1.5* <0.003

50% NaCI 6.1
with rVlla 5.1 1* <0.001

80% Haemacell 12.1
with rVlla 8.4 3.7* <0.001

80% NaCI 14.4 n=11
with rVlla 10.1 n=13 4.3* <0.05

Results Table A

*Improved

**Worse

95% C onfidence  
Intervals

0.6 to 1.6 

0.6 to 2.1 

0.8 to 2.1 

1.9 to 5.1 

-0.1 to 7.2

Diff to  WB (Actual 
Value!

1.4*

0.7*
2.2*

0.4*
1.4*

-5.6**
-1.9**

-7.9**
-3.6**

% Diff to  WB

21.7*

4.8*
33.3*

5.4*
20.9*

- 86. 8* *

-30.2**

-122.5**
-55.8**

% im provem ent bv 
ad d in g  rFVIIa to  

th e  d ilu en t

21.7*

28.5*

15.5*

56.6*

66.7*
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Parameter Angle

Fluid Type
Actual
V alue

T rea tm en t Effect P value

WB 
WB with rVlla

31
37.3 -6.3* <0.008

50% Haemacell 
with rVlla

34.5
41.3 -6.8* <0.006

50% NaCI 
with rVlla

31.8
37 -5.3* <0.001

80% Haemacell 
with rVlla

20
27.5 -7.5* <0.001

80% NaCI 
with rVlla

17.3
23 -5.8* <0.004

Results Table B.

*Improved

**W orse

95% C onfidence 
in tervals

-7.6 t o -1.6 

-8.9 to -2.2 

-8.7 to -4.2 

-8.4 to -3.6 

-10.4 to -2.1

Diff to  WB (Actual 
Value!

-6.3*

-3.5*
-10.3*

- 0 . 8*

- 6*

11* *

3.5**

13.7**
8* *

% Diff to  WB

- 20 . 2*

-11.3*
-33.1*

-2.4*
-19.4*

35.9**
11.3**

44.4**
25.8**

% im provem ent 
by ad d ing  rFVIIa 

to  th e  d ilu en t

20 .2*

2 1 .8 *

17*

24.6*

18.6*
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Parameter TMA

Actual
Fluid Tvoe V alue T rea tm en t Effect P value

WB 30.3
WB with rVlla 29.6 0.7 <0.04

50% Haemacell 26
with rVlla 23.2 2.8 <0.02

50% NaCI 27.1
with rVlla 26 1.2 <0.001

80% Haemacell 26.8
with rVlla 25 1.8 <0.001

80% NaCI 25.8
with rVlla 23.9 1.9 <0.05

Results Table C

’‘‘Improved

**Worse

95% C onfidence  
Intervals

(based  on  m edian Diff to  WB
.m i  X ,A ~ 1— 7T7~,—  » % im provement by adding rFVIIa to
values) (Actual Value) % Diff to  WB the diluent --------------

-0.8 to 7.6 0.7* 2.3* 2.3*

4.3* 14.4*
0.5 to 3.6 7.1* 23.6* 9.2*

3.2* 10.7*
0.7 to 2.3 4.3* 14.5* 3.8*

3.5* 11.7*
0.1 to 2.2 5.3* 17.7* 6*

4.5* 14.9*
0.3 to 4.2 6.4* 21.1* 6.2*
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Parameter G

Actual
95% C onfidence 

Intervals (b ased  on  Diff to  WB (Actual
% im provem ent 
bv a d d in a  rFVIIa

Fluid Tvoe
WB with rVlla

Value
5313.7

T rea tm en t Effect
-312.7*

P value
<0.3

m edian values)
-162.3 to 483.3

Value)
-312.7*

% Diff to  WB
6.3*

to  th e  d iluen t
6.3*

50% Haemacell 
with rVlla

4615.4
4569.6 45.8** <0.6 -296.7 to 227.5

386**
431.4**

7.7**
8.6** -0.9**

50% NaCI 
with rVlla

2692.8
2874 -181.2* <0.001 162.9 to 352.9

2308.3**
2127**

46.2**
42.5** 3.7*

80% Haemacell 
with rVlla

1666.95
1920.5 -253.6* <0.001 104.4 to301

4147.6**
3080.5**

66.7**
61.6** 5.1*

80% NaCI 
with rVlla

1289.6
1349.3 -59.7* <0.008 49.7 to 217.2

3711.4**
3651.8**

74.2**
73** 1.2*

Results Table D

*Improved 

**Worse

12



Graph A. Effect of NovoSeven Upon TEG K Value.
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Graph B. Effect of NovoSeven Upon TEG Angle.

42.00
41.3

38.00

37.0
34.5

34.00

31.8

30.00

26.00

22.00

20.0 X "

18.00
17.3

14.00
Without rFVIIa (Median) With rFVIIa (Median)

*WB Angle — ■ — 50% H aem acell Angle 50% NaCI Angle — X - 80% Haem acell Angle — X - 80% NaCI Angle

14



TM
A

Graph C. Effect of NovoSeven Upon TEG TMA.
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Graph D. Effect of NovoSeven Upon TEG G.
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Whole blood 1a

Whole blood 
+ Factor Vila 1b



50% Blood
50% Haemaccel 2a

50% Blood 
50% Haemaccel 
+ Factor Vila 2b



50% Sodium Chloride 
50% Blood

50% Sodium Chloride 
50% Blood
+ Factor Vila 3b



20% Blood
80% Haemaccel 4a

20%  Blood 
80%  H aem acce l 
+ F acto r Vila 4b



80% Sodium Chloride 
20% Blood 5a

80% Sodium Chloride 
20% Blood
+ Factor Vila 5b



Discussion

Aims of this study were to examine if rVIIa could reduce, if not reverse, the volumetric and intrinsic effects of 

these two IV fluids that are used in resuscitation of the hypovolaemic patient. Our model demonstrates that 

the ability to form a good quality clot is impaired with dilution; the greater the dilution the more pronounced 

the effect. Haemacell and saline had differing effects upon the TEG parameters and ultimatly clot quality. 

rVIIa is, to some degree, able to reverse the effects of dilution although the diluted blood is never able to 

regain the native profile of whole blood.

TEG provides a global view of haemostasis and reflects the interaction of all components of the haemostatic 

process and has been used both clinically and experimentally including, surgery3132>33’34’35-36>37’38’39 and trauma.40 

TEG analysis was chosen as the actions of both fluids and rVIIa are known to effect both the plasma and 

cellular components of coagulation 4 M2'43'44

In this study rVIIa influences all parameters measured but the most significant changes are seen in a and K, 

which represent kinetics of clot formation. Such results are to be expected as addtion of rVIIa would lead 

to a thrombin burst and thus a subsequent increase in both the speed and rapidity of fibrin deposition. K is a 

measure of the speed of clot formation to reach a certain arbitrary level of clot strength, depending more on 

fibrinogen level than platelet function.29 a is related to K as they are both a function of clot polymerisation 

and is more comprehensive than K in measuring the rapidity of fibrin build-up and cross linking.29 rVIIa leads 

to greater thrombin generation and thus a steeper angle. Interestingly, the relative magnitude of the 

improvement, following addition of rVIIa, was similar when comparing the same degree of dilution 

irrespective of the diluent.
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TMA and G reflect "the end product" and hence clot quality; improvements were seen but not to the same 

extent as a and K. G depends upon the clot kinetics but is a mathematical calculation based upon MA 

(maximum amplitude). MA is a direct function of the maximum dynamic properties of fibrin and platelet 

bonding via the GPIIb/IIIa and represents the strength of the fibrin clot.29 In dilutions as profound as our 

study, the relative concentrations of essential substrates will be small in comparison to whole blood; there will 

be only a finite degree of improvement that will be possible. rVIIa appears to aid haemostasis creating a clot 

more quickly, but the final 'quality' will ultimately depend upon the absolute concentration of other key 

components such as fibrinogen and platelets.

Our study differs from previous data that has demonstrated reduced clot quality with gelatin-based plasma 

substitutes.4 Our results are different to these studies for several reasons. Dilutional models previously used 

do not include dilutions of up to 80%; dilutions up to 40% promote haemostasis, above 40% there is a rapid 

reduction in the ability to create good quality clot;516 some researchers feel this may be due inhibition of the 

fibrinolytic pathway.5'6 Many of the studies used starches and gelatins, some of which are related to 

Haemaccel but very few actually used Haemacell which may be important as Haemaccel has high 

concentrations of calcium41 As yet there is little evidence to offer an explanation as to why our results may 

show Haemaccel to be a superior resucitative fluid with regards to clot quality 42 A few studies have seen 

similar haemostatic changes such as ours 43 Evans et al41 illustrated that Haemaccel was a potent platelet 

inhibitor but again the dilutions were only equivalent to 40%; it may be that at greater dilutions a biphasic 

effect occurs; the once inhibitory effect of calcuim may actually promote coagulation.44*45 Haemaccel 

contains 6.25mmols of ionised calcuim/1, previous in vitro work at 40% dilution with this gelatin fluid showed 

an increase ionised calcium level of 2.8mmol/l.46 As we have used much greater dilution volumes, our levels of 

ionized calcium achieved will lead to much higher concentration; this in turn could account for the differing 

intrinsic effects that our study has seen. Indeed previous studies have shown that calcuim has differing 

biphasic effects upon platelet aggregation and coagulation at differing plasma concentrations.44'45
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Recombinant Vila, at a final concentration 90ug/kg, was able to improve the haemostatic parameters but was 

not able to fully reverse the dilutional coagulopathy. Our study has several limitations; clearly it is a static, 

artifical system and does not take into account the physiological resolution of the dilutional state. Although 

the results are statistically significant they are also conservative in their estimation as to the potential positive 

effect of rVIIa. rVIIa needs to be complexed with tissue factor (TF) in order for it to work with maximum 

efficiency22'23'24 and this model was developed from normal healthy individuals. Our in vitro model used a 

system with little or no TF and thus the effects seen are due to thrombin generation on the platelets by the 

rVIIa alone; this reaction requires high doses o f Vila and is a very inefficient way of generating 

thrombin;22'23’24 in trauma there will be a widespread liberation of TF from damaged cells allowing massive 

thrombin generation by exogenous rVIIa.

Concerns have been expressed about potential uses of rVIIa in respect to widespread thrombus formation 

when rVIIa in administered in bleeding. However to date there is no data to suggest there is clear evidence of 

a systemic activation of the haemostatic mechanism.lb,17>ls Indeed a recent randomized study showed that there 

were no increases in thromboembolic events.21 Case reports, whose patients have had extensive blood loss 

following trauma13'16’25 and animal models studies14’17,1 M7 have received rVIIa with subsequent reductions in clinical 

blood loss and coagulation parameter improvement.

The arrest of haemorrhage following trauma is a fine balance between thrombogenesis and fibrinolysis to 

enable the haemostatic mechanisms to achieve good clot quality. All processes of this haemostatic 

mechanism can be altered by the volume and intrinsic effects of intravenous resucitative fluids. rVIIa is an 

exciting therapeutic option by which the clinician may be able to control haemorrhage by the improvement of
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clot quality and reduce the volume of fluid replacement. rVIIa could provide the clinician with another tool 

to deal with the management of the shocked, dilutional coagulopathic patient, increasing "The Golden Hour" 

and helping to treat this common cause of mortality and morbidity in patients.

Our studies confirm that rVIIa, in an in vitro model of large fluid dilution can overcome and reverse the 

dilutional and intrinsic effects of these fluids improving global parameters, clot quality and structure. 

However what occurs in vitro may not occur in vivo and care must be taken in extrapolating in vitro data to 

the clinical scenario.
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