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Abstract 
BACKGROUND:  The most common cause of shock in the surgical or trauma patient is hemorrhage. Crystalloid solutions 
and blood transfusion are the mainstays of treatment of hemorrhagic shock. Considering the disadvantages of allogeneic 
blood transfusion, such as risk of transmission of infectious diseases, and access and maintenance limitations, treatment 
of shock with autologous blood seems to be a decent solution. Autologous blood accumulated in body cavities in trau-
matic bleeding (such hemothorax), and bloodshed in operation field during open heart or vascular surgeries, and similar 
situations, can be utilized again. In this study, autotransfusion effects compared with crystalloid fluid in the treatment of 
hemorrhagic shock was investigated. 

METHODS:  After induction of hemorrhagic shock in dogs by Wiggers type controlled bleeding, treating them in a group 
with autologous blood and another group with Ringer lactate were performed, and the results of treatment were studied. 

RESULTS: There was no mortality in both treatment approaches. Immediately after treatment, crystalloid positive effects 
such as renormalized vital signs and appropriate consciousness were more noticeable than autotransfusion, while twen-
ty-four hours after, the desired effects of autologous blood were more pronounced like decreased metabolic acidosis and 
improvement of diuresis. 

CONCLUSIONS: Crystalloid during the first hours after treatment of hemorrhagic shock may be better than autologous 
blood as preferred treatment, while autotransfusion showed its benefits some hours after. This finding can be used to 
develop better strategies for treatment of hemorrhagic shock. 
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emorrhagic shock (HS) is considered 
as a condition in which vital organ 
perfusion decreased, leading to in-

adequate delivery of oxygen and nutrients es-
sential for normal tissue and cellular function. 
Regardless of etiology, the primary physiologi-
cal responses in shock have resulted from tis-
sue hypoperfusion and decreased cellular en-
ergy. The most common cause of shock in sur-
gical or trauma patient is loss of circulating 
blood volume due to bleeding.1 In hemorrhagic 
shock, the body can compensate for the initial 
loss of blood volume primarily through the 
neuroendocrine response to maintain hemo-

dynamics. This represents the compensated 
phase of shock. With continued hypoperfu-
sion, cellular death and injury are ongoing and 
the decompensation phase of shock ensues. 
Microcirculatory dysfunction, parenchymal 
tissue damage, and inflammatory cell activa-
tion can perpetuate hypoperfusion. Ische-
mia/reperfusion injury will often exacerbate 
the initial insult. These effects at the cellular 
level, if untreated, will lead to compromise of 
function at the organ system level, thus lead-
ing to the "vicious cycle" of shock.1 
 Crystalloid solutions and blood transfusion 
are the mainstays of pre-hospital and in-
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hospital treatment of hemorrhagic shock.2 Rin-
ger lactate solution, the most available bal-
anced salt solution, is advised by the American 
Surgeons Association as the primary resuscita-
tion fluid therapy in the treatment of hemor-
rhagic shock.3 A fixed volume resuscitation 
method of solely lactated Ringer solution (LR), 
equal to three times the shed blood volume, is 
used in this model to study endogenous me-
chanisms such as remote organ injury and sys-
temic inflammation. This method of resuscita-
tion is proven to be effective in evaluating the 
effects of HS and trauma.4 It is safe and it 
equilibrates rapidly throughout the extracellu-
lar compartment, restoring the extracellular 
fluid deficit associated with blood loss.2 Poor 
intravascular retention of balanced salt solu-
tions supports intravascular volume tran-
siently, but later can cause tissue edema forma-
tion with impaired oxygen perfusion.5 Crystal-
loid resuscitation after hemorrhagic shock does 
not restore hemodynamics to baseline and is 
associated with a marked endothelial cell dys-
function. Blood-containing resuscitation regi-
mens preserve and maintain hemodynamics 
and are associated with the least microvascular 
dysfunction. Therefore, regimens for resuscita-
tion from hemorrhagic shock must contain 
blood.6 
 Although allogeneic blood transfusion can 
be life preserver, it has disadvantages like lim-
ited availability of blood and the storage time 
limits. With increased storage time, potassium, 
lactate and ammonia levels are increased, and 
2-3 diphosphoglycerate level -which is essen-
tial for the release of oxygen-, is sufficient for 
just two weeks after storage, then its amount 
decreases. Also, allogeneic blood transfusion 
has risks of disease transmission and reactions 
during injection.7 In addition, the immunosup-
pressive effects of allogeneic blood, particu-
larly the increased risk of postoperative infec-
tion and tumor recurrence should be consid-
ered.8 Allogeneic blood transfusion is consid-
ered as an independent risk factor for postin-
jury multiple organ failure.9 
 In such bleeding into the chest cavity (he-
mothorax) or abdomen, or bleeding in operat-

ing field during emergency or elective surgery 
such as vascular or open heart surgery, and in 
similar circumstances using autologous blood 
in the operative field can have some benefits. 
To achieve this purpose, various methods have 
emerged for reinfusion of autologous shed 
blood (autotransfusion). In the simplest me-
thod, blood shed is held in a chamber (with or 
without anticoagulant), then after passing 
through a fine filter to separate the pollution, 
the transfusion is done immediately. This me-
thod can be used for reinfusion of blood loss, 
such as massive hemothorax. A more complex 
method that is used in elective surgery in-
cludes collecting and washing the blood before 
the operation with saline, and concentrating it 
before re-injection. 10 
 Models of bleeding can be divided into con-
trolled and uncontrolled bleeding. Controlled 
bleeding can be Wiggers type, in which blood 
sampling is done to the extent that the blood 
pressure levels reach to a predestined level,11 
or the type with a fixed volume in which a 
fixed volume and predetermined blood vol-
ume (regardless of blood pressure response to 
the hemorrhage) is taken.12,13 

Methods 
In this animal trial study, eight Persian breed 
dogs, two to three years old and weighting be-
tween thirteen to twenty kilograms with no 
underlying diseases were selected and ran-
domly divided into two equal groups. During 
the study period, animals were kept in veteri-
nary hospital under animal care by veterinar-
ian and veterinary technicians. The investiga-
tion was in line with the guide for the care and 
use of laboratory animals.14 
 Under general anesthesia with intramuscu-
lar ketamine 20-40 mg/kg, (with regard to its 
effect on blood pressure), vascular catheters 
were inserted and fitted in the femoral artery 
and femoral vein of dog.15 Arterial catheter was 
used to monitor mean arterial pressure and 
intravenous catheters were used for blood 
sampling, blood extraction, injecting serum 
and autotransfusion. 
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 After intravenous heparin injection16 (100 
units per kilogram of animal weight), creating 
controlled bleeding - (Wiggers type) 11- was 
created until mean arterial pressure of 45 mm 
Hg, and blood storage in special bags at tem-
perature of 38 degrees Celsius for one and half 
hours.17 During this period, if the mean arterial 
pressure was below 45 mm Hg, blood inside 
the bag was returned to the animal circulation, 
and in contrast if there was an increase in the 
mean arterial pressure above 45 mmHg, 
through catheter embedded more blood was 
taken from animal and entered the bag. 
 After ninety minutes, resuscitation of the 
first group of animals was done by autotrans-
fusion of bags of storage blood, and in the sec-
ond group through the infusion of Ringer lac-
tate serum three times more than the extracted 
blood from their circulation.3 An hour after re-
suscitation, animals blood samples were sent 
for arterial blood gas analysis and complete 
blood count (CBC) and kidney function tests 
(BUN & Cr).18 The next day the tests were re-
peated again. Until this time the dogs did not 
receive any food and water, orally or by other 
methods. Monitoring of systolic pressure, dia-
stolic pressure, mean arterial pressure, heart 
rate, urine output and level of consciousness 
based on clinical findings were performed dur-
ing the study. 
 The term of "primary assessment" refers to 
examinations or tests were done an hour after 
the shock therapy, while "secondary assess-
ment" means examinations or tests were con-
ducted in twenty-four hours after treatment of 
shock.  
 Mental status evaluation was done by re-
view of the animal motor response to motion 
stimuli, eye response and level of agitation and 
drowsiness. After removing the catheters of 
the vessels, the venotomy and arteriotomy lo-
cations on the femoral veins and arteries of an-
imals were repaired with 6.0 Prolene sutures. 
Two weeks later, after the end of our study, 
possible complications of these dogs were ex-
amined and fortunately there were no adverse 
effects to worry about. 

 Because of small number of samples (ac-
cording to the type of study which was animal 
trial), detailed clinical and paraclinical findings 
for quantitative and qualitative variables were 
analyzed by SPSS software (version 17), with 
application of Wilcoxon and Mann Whitney 
tests. 

Results 
According to observations of primary assess-
ment, the dogs who were treated with auto-
transfusion had higher heart rate [mean of 143 
beats per minute (BPM)] than the group 
treated with Ringer lactate (mean of 117 BPM) 
(p <.04). As well, in the primary assessment, 
the level of consciousness in dogs of autotrans-
fusion group, were lower than in the other 
group (p <.02) [Table 1]. Inversely, examina-
tions of secondary assessment showed higher 
levels of consciousness in dogs of autotransfu-
sion group (p <.03), and lower heart rate (mean 
89 BPM) in them (p <.01), compared to those in 
Ringer lactate group (mean 110 BPM), and 
there was significant bradycardia, in accor-
dance with results (p <.03), as well. In the sec-
ondary assessment, the level of consciousness 
of autotransfusion group significantly im-
proved compared to the primary assessment (p 
<.03, Table 1). However, there was no signifi-
cant difference in the level of consciousness of 
Ringer lactate group. Likewise a significant 
reduction in tachycardia (mean of 143 BPM vs. 
89 BPM) within twenty-four hours occurred in 
autotransfusion group (p <.03) while the Rin-
ger lactate group did not so (mean 117 BPM vs. 
110 BPM). 
 Neither of these two groups (Ringer lactate 
group and autotransfusion group) showed any 
statistically significant difference in urinary 
output. However, despite the Ringer lactate 
group, in which urine output in the primary 
and secondary assessment showed no signifi-
cant difference, and just two dog had normal 
diuresis after 24 hours, in the autotransfusion 
group improvement of diuresis occurred with-
in twenty-four hours (p <.03), and all dogs of 
this group had normal urine output at this 
time (Table 1). 
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Table 1. Comparison of different variables between the two groups 

Group Statistics 
 Groups Number of Dogs Mean Std. Deviation P value 

Autotransfusion 4 -12.275 2.67 Base Excess of Extracellular Flu-
id(mmol/L) - One Hour After Crystalloid 4 -13.075 4.10 

p = 0.44 

Autotransfusion 4 -3.450 1.56 Base Excess of Extracellular Fluid 
(mmol/L) - 24 hours later Crystalloid 4 -3.825 2.08 

p = 0.28 

Autotransfusion 4 18.25 2.63 Blood Urea Nitrogen (mg/dL) - One 
Hour After Crystalloid 4 32.75 11.23 

p <.03 

Autotransfusion 4 34.00 9.01 Blood Urea Nitrogen (mg/dL) - 24 
Hours Later Crystalloid 4 42.50 13.52 

P = 0.2 

Autotransfusion 4 1.005 .141 Creatinine (mg/dL)- One Hour Af-
ter Crystalloid 4 .875 .12 

p = 0.11 

Autotransfusion 4 .900 .14 Creatinine (mg/dL) - 24 Hours Later 
Crystalloid 4 .775 .09 

p <.05 

Autotransfusion 4 15.525 .42 Hemoglobin (g/dL)- One Hour Af-
ter Crystalloid 4 10.775 .63 

- 

Autotransfusion 4 18.075 5.08 Hemoglobin (g/dL)- 24 Hours Later 
Crystalloid 4 11.000 3.29 

- 

Autotransfusion 4 142.75 19.38 Heart rate (Beat Per Minute) - One 
Hour After Crystalloid 4 117.00 15.36 

p <.04 

Autotransfusion 4 89.00 2.58 Heart rate (Beat Per Minute) - 24 
Hours Later Crystalloid 4 110.00 16.24 

p <.01 

Autotransfusion 4 93.25 16.17 Mean Arterial Pressure (mmHg) - 
One Hour After Crystalloid 4 84.50 15.41 

p = 0.19 

Autotransfusion 4 92.00 6.48 Mean Arterial Pressure (mmHg) - 
24 Hours Later Crystalloid 4 80.75 6.29 

p <.02 

Autotransfusion 4 93.833 1.79 O2 Saturation (%) - One Hour After 
Crystalloid 4 95.900 1.29 

p = 0.55 

Autotransfusion 4 76.475 5.75 O2 Saturation (%) - 24 Hours Later 
Crystalloid 4 83.650 4.72 

p <.05 

Autotransfusion 4 132.50 22.54 Systolic Blood Pressure (mmHg) - 
One Hour After Crystalloid 4 118.75 20.56 

p = 0.19 

Autotransfusion 4 131.25 14.93 Systolic Blood Pressure (mmHg) - 
24 Hours Later Crystalloid 4 113.75 13.15 

p = 0.07 

Autotransfusion 4 73.75 13.76 Diastolic Blood Pressure (mmHg) - 
One Hour After Crystalloid 4 67.50 13.22 

p = 0.23 

Autotransfusion 4 72.50 5.00 Diastolic Blood Pressure (mmHg) - 
24 Hours Later Crystalloid 4 63.75 4.78 

p <.03 

Autotransfusion 4 .00 .00 Crystalloid Administrated (mL) 
Crystalloid 4 1687.50 309.23 

- 

Autotransfusion 4 700.00 216.02 Transfused Blood (mL) 
Crystalloid 4 .00 .000 

- 

Autotransfusion 4 4.50 1.29 Mental State ** - One Hour After 
Crystalloid 4 1.75 .95 

p <.02 

Autotransfusion 4 1 .00 Mental State ** - 24 Hours Later 
Crystalloid 4 2.25 .95 

p <.03 

Autotransfusion 4 .50 .57 Urinary Output ^^ - One Hour After 
Crystalloid 4 .75 .50 

p = 0.25 

Autotransfusion 4 2 .00 Urinary Output ^^ - 24 Hours Later 
Crystalloid 4 1.25 .95 

p = 0.052 

Autotransfusion 4 17.25 1.25 Weight (kg) 
Crystalloid 4 16.75 2.98 

p = 0.44 

** Mental State was defined in 6 levels; 1 as totally conscious, and 6 as coma. 
^^ Urinary output was defined in 3 categories; 0: anuria, 1: oliguria and 2: normal diuresis. 
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 In primary assessment of mean arterial 
pressure, systolic pressure and diastolic pres-
sure, there was no statistical significant differ-
ence between the two groups (mean of 93 
mmHg for autotransfusion group and mean of 
84.5 mmHg for the other group); while mean 
arterial pressure was higher in the secondary 
assessment of autotransfusion group (mean of 
92 mmHg for autotransfusion group and mean 
of 81 mmHg for the other, p <.02). Without a 
significant difference in systolic pressure be-
tween the two groups, diastolic pressure of 
autotransfusion group was significantly higher 
than that of the other group. In the gap be-
tween primary and secondary assessment, 
mean arterial pressure, systolic pressure and 
diastolic pressure in both groups did not sig-
nificantly change. 
 Our dogs showed no significant difference 
in hemoglobin (Hb) evaluation between the 
two assessments. Hb rose from 15.5 and 10.8 
g/dL to 18 and 11 g/dL for autotransfusion 
and Ringer lactate groups, accordingly. While 
the creatinine of autotransfusion group be-
tween the two assessments were almost the 
same, Ringer lactate decreased mean blood 
creatinine levels from .87 to .77 mg/dL after 
twenty-four hours (Table 1). 
 Arterial blood gas (ABG) analysis between 
the two groups showed no significant differ-
ences in metabolic acidosis. Severity of meta-
bolic acidosis after twenty-four hours declined 
in autotransfusion group significantly p <.04) 
and mean base excess of extracellular fluid was 
dropped from -12.3 to -3.4 mmol/L , while in 
Ringer lactate group metabolic acidosis reduc-
tion rate was not significant. 
 During the primary assessment of ABG, six 
dogs (three dogs from each group) showed se-
vere metabolic acidosis (less than -10 mmol/L 
base deficit), and the remaining two dogs (one 
dog from each group) had moderate acidosis (-
6 to -9 mmol/L base deficit). In the secondary 
assessment, two dogs (one dog from each 
group) had no acidosis and three other dogs of 
autotransfusion group showed mild acidosis (-
3 to -5 mmol/L base deficit); while two dogs of 
the other group had mild acidosis, and moder-

ate acidosis remained stable in another dog of 
Ringer lactate group. In the primary assess-
ment mean base deficit was -12.7 mmol/L (-
12.3 mmol/L for autotransfusion group and -
13.1 mmol/L in Ringer lactate group), where 
as in the secondary assessment it was -3.6 
mmol/L (-3.4 mmol/L for autotransfusion 
group and -3.8 mmol/L in Ringer lactate 
group, Table 1). 

Discussion 
This study attempted to investigate outcomes 
of resuscitation of hemorrhagic shock with au-
totransfusion compared to Ringer lactate. In 
this study, despite drop in mean arterial pres-
sure to 45 mm Hg, which led to severe meta-
bolic acidosis in six dogs, there was no mortal-
ity in both groups; this can mention positive 
role and effectiveness of both ways in the 
emergency treatment of hemorrhagic shock. 
Tissue hypoperfusion from precapillary vaso-
constriction leads to anaerobic metabolism and 
acidosis.18 Severe metabolic acidosis is related 
greatly with multi-organ failure and death.19 
 However, crystalloids are not the best 
plasma expanders; no more than one-fifth of 
unexcreted fluid should remain within the 
plasma volume after equilibration, and, for this 
reason, a large volume is necessary.20 These 
data are in agreement with good hemody-
namic performance and consequently, good 
systemic oxygenation immediately after crys-
talloid administration, but after 120 minutes 
this was no longer maintained. 5 The main dis-
advantage of using crystalloid solutions is 
their rapid movement from the intravascular 
to the extravascular space, leading to three 
hours or more time requirement for replace-
ment, and resulting in tissue edema.21 

 The poor intravascular retention of bal-
anced salt solutions supports intravascular 
volume transiently but later can cause tissue 
edema with impaired oxygen perfusion.5 Re-
suscitation from hemorrhagic shock results in 
progressive vasoconstriction in all intestinal 
arterioles irrespective of the resuscitation re-
gimen. Crystalloid resuscitation after hemor-
rhagic shock does not restore hemodynamics 
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to baseline and is associated with a marked 
endothelial cell dysfunction. Blood-containing 
resuscitation regimens preserve and maintain 
hemodynamics and are associated with the 
least microvascular dysfunction.6 Masoumi et 
al. showed that applying different dosages of 
nitroglycerin (50 µg/min, 100 µg/min and 150 
µg/min) had no different effect on mainte-
nance of hemodynamic stability and the need 
for blood transfusion after coronary artery by-
pass graft surgery.22 
 Stukanov et al. presented the results of 
treatment of 60 patients with 2nd degree hem-
orrhagic shock at pre-hospital and hospital 
stages by different variations of infusion ther-
apy. They established that balanced infusion 
therapy in patients with 2nd degree hemor-
rhagic shock helps to stabilize the hemody-
namic system and improve the general condi-
tion. The balanced infusion therapy did not 
lead to unfavorable changes in acid-alkaline 
and electrolyte balance.23 Moss et al. compared 
the use of normal saline and blood in shock 
resuscitation. They were found to be equally 
efficacious in returning cardiovascular pa-
rameters to preshock levels. The only differ-
ence was that the saline group was more aci-
dotic at the conclusion of resuscitation.24,  25 
Zollman et al. compared shed blood to shed 
blood plus Ringer’s lactate and found no dif-
ference in survival.15,  25 It was observed by 
Rhee et al. that lactated Ringer's solution exac-
erbated neutrophil superoxide burst activity 
and increased neutrophil adherence.26 Also, it 
has been shown that aggressive crystalloid re-
suscitation was followed by increased cytokine 
activation including IL-1, IL-6, and TNF.27 Deb 
et al. demonstrated that both hetastarch and 
Ringer lactate result in increased cell apoptosis 
via Bax protein28, and that resuscitation with 
Ringer lactate increases immediate apoptosis 
during hemorrhagic shock fluid resuscitation.29 
In dogs submitted to pressure-guided hemor-
rhagic shock and fixed-volume resuscitation, 
the smaller intravascular volume expansion by 
6% hydroxyethyl starch-hypertonic saline solu-
tions provided worse recovery of systemic 
oxygenation and gastric perfusion compared 

with LR. 30 In another study by Deb and col-
leagues, rats were subjected to a controlled 
40% hemorrhage followed by resuscitation by 
three times the volume of shed blood with a 
variety of resuscitation fluids. Resuscitation 
lasted for one hour, then followed by removal 
of the liver and small intestine for analysis. 
Lactated Ringer’s resuscitation generated a 
marked and immediate increase in apoptosis 
compared to non-resuscitated rats, resuscitated 
with either hypertonic saline or whole blood. 31 

There are occasional studies suggesting no 
upregulation of the immune response to 
trauma after Ringer lactate resuscitation.32 
 Prehospital autotransfusion of life-
threatening hemothorax is simple, safe and 
easy to perform.33 The preliminary results of 
one study by P Barriot et al. suggest that auto-
transfusion should be developed in the pre-
hospital setting (and in the emergency room of 
the trauma center) since it represents the only 
hope of survival for patients with life-
threatening hemothorax.33 
 As we can see in the findings of our study, 
one hour after treatment with crystalloid, heart 
rate and level of consciousness were much 
more appropriate than in treatment with auto-
transfusion method. Twenty-four hours after, 
in the secondary assessment, heart rate and 
level of consciousness in dogs under autotrans-
fusion were better than dogs that have re-
ceived only crystalloid. Improvement of diure-
sis, significant reduce in the severity of meta-
bolic acidosis, and increased mean arterial 
pressure and diastolic pressure were of the 
other benefits of treatment of hemorrhagic 
shock by autotransfusion method, which were 
more prominent twenty-four hours after the 
therapy. 
 It seems that here, due to the high volume 
of crystalloid infusion, at first extracellular flu-
id (ECF) deficit was compensated quickly and 
the hemodynamic disturbance was more effec-
tively treated, but when more time passed, be-
cause of fluid extravasation and tissue edema 
formation and maybe because of some other 
disadvantages of Ringer lactate (which were 
described above), its influence was diminished. 
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Similarly, on the opposite side, autotransfusion 
by persistent maintaining of ECF fluid, more 
effectively has been able to improve hemor-
rhagic shock adverse effects. 

Conclusion 
According to the findings of our study, crystal-
loid at the first hours after treatment of hemor-
rhagic shock may be better than autologous 
blood as preferred treatment, while autotrans-
fusion showed its benefits some hours after. 
This finding may be used to develop better 
strategies for treatment of hemorrhagic shock.  
It seems in emergencies, in earlier phase of 
hemorrhagic shock, crystalloids remain still 
the preferred choice of treatment, while con-

sidering the benefits of autologous blood, its 
use along with crystalloid, especially for elec-
tive cases such as critically ill or major surgical 
patients and sometimes emergency patients 
such as severe hemothorax, appears logical is 
recommended. 
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