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Abstract

Background: Appropriate fluid therapy affects morbidity and mortal-
ity rates. A conclusion is yet to be reached on the role of crystalloids 
and colloids in immediate fluid therapy. This study was done to deter-
mine the suitable solution in immediate resuscitation of patients with 
hemorrhagic shock caused by tissue trauma.

Methods: One hundred trauma patients with hemorrhagic shock, who 
underwent fluid therapy in the emergency unit, were assigned ran-
domly to two groups of hydroxyethyl starch (Voluven) and normal 
saline. Before and after fluid therapy, 1 cc of blood was taken from all 
patients in order to determine and compare base excess levels.

Results: In hydroxyethyl starch (Voluven) and normal saline groups, 
base excess level after solution therapy increased about 9.65 and 5.46 
volumes, respectively, in which augmentation in hydroxyethyl starch 
(Voluven) group is significantly higher than normal saline group (P 
≤ 0.001).

Conclusion: By using hydroxyethyl starch (Voluven) for fluid ther-
apy in hemorrhagic shock caused by trauma, serum base excess de-
creases and results in improvement in tissue perfusion and better bal-
ance in acid-base status and it seems to be superior over normal saline 
administration, but the building block of the ideal fluid therapy should 
still remain with the physician’s final clinical judgment.
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Introduction

Trauma is the fourth leading cause of death in the world and 
the most common cause of referral to the emergency ward. 

Approach to shock in traumatic patients is of critical impor-
tance [1-3]. Fluid therapy is an important issue in shock resus-
citation and its main purpose is providing adequate intrave-
nous fluids for maintaining intravascular volume and cardiac 
output, oxygen-carrying capacity, and sequentially sustaining 
tissue perfusion, correcting coagulopathy, acid-base balance 
and electrolytes [1]. Intravenous fluids used in resuscitation 
are divided to two basic groups of crystalloids and colloids. 
Although many researches have been done on the principles 
of fluid therapy in hemorrhagic shock and effects of different 
therapeutic approaches on the side effects of shock, discus-
sions about exact role of crystalloids and colloids in immediate 
fluid therapy still remain unresolved [2].

Resuscitation with crystalloid fluids dilutes plasma pro-
teins and results in decreased oncotic pressure which leads to 
edema in gastrointestinal or respiratory system [4, 5]. Although 
administrating it in acute hemorrhage results in faster improve-
ment of filling pressure, arterial blood pressure and heart rate. 
Crystalloids are more available and cheaper compared to col-
loids but due to some challenges in their administration such 
as high volumes requirement, durability, fluid accumulation, 
edema and electrolyte disorders, a new approach in applying 
colloids has emerged. Colloids are required in volumes equal 
to blood volume losses and have greater and quicker effect in 
preventing hypotension over crystalloids [1, 2, 4, 5].

Hypoperfusion has been addressed as the predictor of 
mortality in shock [6] and is determined by the value of base 
deficit. Base deficit refers to the amount of base in mili-mol 
required for titrating 1 L of whole blood to reach a PH of 7.4 
in terms of fully oxygenated blood at a temperature of 37 °C 
and a pCO2 of 40 mm Hg [3]. This index is typically calculated 
through analyzing arterial blood gasses and the normal range 
is between 0 and 2 [7]. Studies have shown the mortality rate 
of traumatic patients is predictable via their base excess value 
during the first 24 h after the traumatic event. Most traumatic 
patients with hemorrhagic shock have severe base deficit [8]. 
Using the base deficit index in evaluating patients with trauma 
has great advantages especially in assessing shock volume, re-
suscitation efficiency and organizing therapeutic resources [9-
11]. By calculating base deficit index at admission to the emer-
gency ward, patients with high risk can be identified promptly 
and put under intensive care.

Calculation of base excess status was used in this study in 
order to compare Voluven impact as a colloid fluid and normal 
saline as a crystalloid in providing oxygen-carrying capacity 
and sustaining intravascular volume [3, 12, 13]. Results indi-
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cated a more rapid decrease in plasma lactate concentration, 
decreased fluid volume for shock resuscitation and better im-
provement is acid-base status during the first 24 h after treat-
ment in patients resuscitated with Voluven. The main purpose 
of fluid therapy is maintaining intravascular volume and car-
diac output, increasing oxygen-carrying capacity, electrolytes 
balance, improving surgery outcomes, reducing morbidity and 
mortality particularly preventing organ failure, acid-base bal-
ance and reducing recovery time after resuscitation.

Methods

Study design

This clinical trial was conducted on traumatic patients with a 
hemorrhagic shock diagnosis who were referred to the Emer-
gency Medicine Unit of Emam Hospital affiliated with Ahvaz 
Jundishapur University of Medical Sciences.

Inclusion and exclusion criteria

The study included all patients with traumatic hemorrhagic 
shock who were referred to the Imam Khomeini Hospital in 
Ahvaz, Iran. Exclusion criteria were heart failure (reduced 
heart function with clinical symptoms: orthopnea, exertional 
dyspnea, MET < 4 and EF < 50%); patients who received 
blood before the study completed; patients who died before 
completing the study; sensitivity to serum; transfer to the op-
erating room before the study completed; hepatic insufficiency 
(decreased liver function with decreased albumin, increased 
PT, clinical and liver enzymes could be increased more than 
five times); respiratory failure (lung function decline with in-
creasing PCO2 > 50 or drop in PO2 < 60 or observed clinical 
signs of respiratory distress); renal impairment: decreased re-
nal function (GFR < 60 mL/min/1.73 m2 for at least 3 months, 
or significant proteinuria); sepsis: the presence of systemic in-
flammatory response syndrome (SIRS) with prove microbial 
etiology; severe anemia (Hb < 10); patients who were consid-
ered for the diagnosis of non-hemorrhagic shock; and patients 
with a history of sensitivity to the solutions used in this study.

Method and intervention

Patients were evaluated for shock type. The bleeding site was 
investigated if hemorrhagic shock was confirmed. Exclusion 
criteria were age under 16, clinical and paraclinical evidence 
of heart failure, blood transfusion, adverse reaction to solution 
infusion, transfer to the operating room, clinical and paraclini-
cal evidence of respiratory failure, clinical and paraclinical 
evidence of renal failure, sepsis, severe anemia (HB < 10), and 
patients with other types of shock such as cardiogenic and neu-
rogenic shock. Random allocation of patients was performed 
by random binary codes already devised by the physician in 
charge of implementation of the design. In this study, 100 pa-
tients were randomly divided into two groups using the random 

digit table method. At the beginning of the study, a sample of 
arterial blood gas (ABG) was obtained from all patients. Pa-
tients in the intervention group received 1.5 L of normal saline 
and 0.5 L of Voluven solution and the control group received 
only 2 L of normal saline. Again after 1 h, ABG sample was 
taken and patient samples were compared in terms of deficien-
cies. Besides, the patient data were collected by means of a 
questionnaire.

Outcome measures

Primary outcome included base excess that was measured 
before and after fluid therapy by drawing a sample of ABG. 
Secondary outcome was shock index, which was assessed af-
ter serum therapy considering the condition that if the shock 
index (heart rate/systolic blood pressure) was greater than 1 is 
considered as positive.

Ethical consideration

The study was conducted after approval by the Ethics Commit-
tee of Ahvaz Jundishapur University of Medical Sciences and 
receiving the ethics code number IRCT201405114190N3 and 
obtaining consent from patients or patients’ next of kin.

Statistical analysis

Since the amount of the base excess for each patient was meas-
ured before the intervention and it might be effective in treat-
ment response, covariance analysis and restored linear methods 
were used for comparing Voluven effect. After data collection, 
the data processing was performed using SPSS software.

Results

Of 100 participants in the study, five subjects (10%) in hy-
droxyethyl starch group (Voluven) and seven (14%) in normal 
saline group were excluded from the study due to death, blood 
transfusion, and transfer to the operating room and their info 
was not included in the final analysis. Besides, in neither of 
the two groups, adverse reaction to the received solutions was 
observed. From a total of 88 patients participating in this study, 
71 subjects (80.6%) were male and 17 subjects (19.3%) were 
female. The mean age of all the patients was 28 (46 ± 11.56). 
The mean age in Voluven group was 48 (29.61 ± 13) and in 
the normal saline group 27 (28 ± 9.13). The minimum age of 
participants in this study was 16 and the maximum age was 
80. Comparing the age and sex of the patients, no significant 
difference was seen.

Mean level of base excess before fluid therapy in Voluven 
group was 76 (1.56 ± 0) and in normal saline group was 33 (0.6 
± 0.33). Given the statistical analysis, there was no significant 
difference between average levels of base excess before fluid 
therapy in both groups (P = 0.082). The mean level of serum 
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base excess after fluid therapy in Voluven group reached to 54 
(-3.9 ± 0) and in normal saline reached to 9 (-9 ± 0). Given the 
statistical analysis, there was a significant difference between 
average base excess serum after fluid therapy between the two 
groups (P ≤ 0.001). Base excess serum level in Voluven group 
after fluid therapy was obviously higher. The mean difference 
between base excess levels in Voluven group before and after 
fluid therapy was 5.46 which indicated a significant difference. 
The mean difference between the base excess serums in nor-
mal saline group was 9.65 before and after fluid therapy. A 
significant difference between the mean serum level of base 
excess fluid was observed in these groups before and after fluid 
therapy (Fig. 1, P ≤ 0.001).

Discussion

In an attempt to resuscitate patients with hemorrhagic shock, 
the first step includes providing therapeutic solution and imme-
diate fluid replacement [14-17]. Fluids replacement consists of 
two major groups of crystalloids and colloids, the conflicting 
discussions of which exist surrounding their advantages and 
disadvantages.

In our study, the effect of hydroxyethyl starch (Voluven) 
solution and normal saline in shock resuscitation of traumatic 
patients through comparison between base excess amounts 
before and after resuscitation was studied. Distribution of all 
variables (age, sex, and base deficit) was normal before start-
ing fluid resuscitation and there was no significant difference 
among the primary indexes of both groups. Duration of resus-
citation between the two groups also had no significant differ-
ence, thus for the final assessment of data, we used paramet-
ric statistical tests. The end results showed that hydroxyethyl 
starch (Voluven) in comparison with normal saline improves 
base excess amount significantly.

In a study the impact of colloid solutions like Hartmann 

and hextend solution with solutions based on normal saline 
in providing a metabolic environment and tissue oxygenation 
perfusion was compared. The outcome showed base excess in 
normal saline group had a great decrease compared to colloid 
group. Dr. Fiz et al’s study approved our study results. That 
study compared the effectiveness of fluid therapy with Volu-
ven versus normal saline on 67 patients with deep trauma. In 
that study, contrary to our study, lactate concentration level 
was used as an index for shock resuscitation.

Arguments in favor of crystalloids state that in consuming 
colloidal solutions, albumin molecules freely enter the pulmo-
nary interstitial space and then are washed away by the lym-
phatic system and return to the systemic circulation. Thus, more 
albumins only increase albumin accumulation that is cleared 
off through lymphatic system. Isotonic crystalloid fluids are ef-
fective augmentation of plasma volume for resuscitation. Crys-
talloid advocates argue that crystalloids are cheap and their side 
effects are rare. Non-existence of allergic reactions, coagulopa-
thy, and tissue accumulation are the advantages of crystalloids. 
In contrast, arguments in favor of colloids explain that oncotic 
pressure of plasma proteins in revival with crystalloid solutions 
leads to filtered fluids from intravascular to the interstitial space 
leading to edema in the digestive system. The administration 
of colloids after acute hemorrhage results in faster improve-
ment of filling pressures, arterial blood pressure and heart rate. 
Colloids cause less tissue edema and faster improve microcir-
culation [14, 15, 18, 19]. Colloids cause a faster increase in 
intravascular volume but do not have much of a positive ef-
fect on tissue perfusion and microcirculation of vital organs of 
the body and there is no justifiable reason for their routine use. 
Precautions must be taken into account for colloid usage and in 
some cases their use should be avoided. Hydroxyethyl starch 
is a colloidal solution and today there are concerns about its 
impact on coagulation and renal function [16].

In a study it was demonstrated that hydroxyethyl starch 
administration (HES) compared with normal saline in reviving 
critically ill patients in intensive care unit, obviously increased 
the risk of acute kidney injury (AKI) development. The study 
recommended that the use of HES should be avoided in patients 
with severe sepsis and in other critically ill patients at risk for 
AKI [17]. Although a randomized controlled trial by Kasper et 
al in 2004 on trauma, burns, and postoperative patients showed 
no evidence of a decrease in the risk of death with colloids 
resuscitation compared with crystalloids [17]. Moreover, some 
studies claimed that despite the fact that colloids have a greater 
effect on increasing intravascular volume than crystalloids, but 
considering prognosis, neither has an advantage over the other 
[20]. In a study published in 1979 by Virgilio et al, resuscita-
tions of 29 patients undergoing aortic surgery with saline fluid 
balance and serum containing protein were compared and it 
was demonstrated that despite significant differences in central 
venous pressure and pulmonary artery wedge pressure, pulmo-
nary edema was similar in the two groups [11].

According to several studies conducted throughout the 
world on the effects of colloids and crystalloids on providing 
bodily needs, maintaining the balance of fluids and electrolytes, 
maintaining adequate perfusion of organs, maintaining proper 
circulation volume and homeostasis, adequate oxygen-carry-
ing capacity, reduced morbidity and mortality during surgery 

Figure 1. Base excess changes in patients with hemorrhagic shock 
resulting from trauma treated with normal saline hydroxyethyl starch 
before and after fluid therapy. 
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procedures, trauma and burns and avoiding organ failure, etc, 
and also according to the results of our study in which applica-
tion of colloids (Voluven) resulted in reduction of serum base 
deficit as a determinant index of tissue perfusion and provid-
ing favorable physiologic condition compared with colloids, 
it seems using colloids (Voluven) in resuscitating patients is 
preferable over crystalloids (normal saline), but it should still 
be noted that there is no best solution for resuscitation and fluid 
preservation and that basis for the ideal fluid therapy should 
still remain with the physician’s clinical judgment.
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