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It has been documented that hemodynamic disturbances occur in hypovolemic patients. There-
fore, the early management of hypovolemia is essential to achieve optimal outcomes. Blood gas, 
which changes rapidly during hemodynamic instability, can be used as a diagnostic approach for 
monitoring emergency patients. The objective of the current study was to evaluate the results of 
resuscitation with hydroxyethyl starch (HES) or lactated Ringer's solution (LR) on venous and 
arterial blood gas. In addition, the difference between venous and arterial blood gas parameters is 
investigated to assess the possibility of using venous blood gas analysis as a successor for arterial 
blood gas analysis in the resuscitation of hypovolemic dogs. Venous and arterial pH, PO2, PCO2, 
HCO3-, and base excess were analyzed at the end of each study stage as follow: 1) Establishment 
of anesthesia, 2) Blood collection to an arterial mean pressure of 40-50 mm Hg, 3) Maintaining 
dogs in a hypovolemic state, 4) Resuscitation with LR (group A) or HES (group B) in four steps, 
and 5) One hour after the final resuscitation step. Hypovolemia decreased the studied parameters, 
except venous PCO2, which showed a significant increase (p < 0.05). Fluid resuscitation returned 
the studied parameters to the control values as venous PCO2 in group A and HCO3- in group B 
showed a significant change in comparison with the control values (p < 0.05). We found that ve-
nous pH, HCO3-, and PCO2 can be used as less invasive and safer alternatives to similar arterial 
parameters to monitor the fluid resuscitation of hypovolemic dogs.

Arterial blood gas, Venous blood gas, Hydroxyethyl 
starch, Ringer's Lactate
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LR: Lactated ringer
HES: Hydroxyethyl starch
PO2: Partial pressures of oxygen
PCO2: Partial pressures of carbon dioxide

HCO3-: Bicarbonate
BE: Base excess
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Introduction

About half of traumatic deaths are associated 
with hemorrhage. As a result, they are essen-

tial to be diagnosed early and well-resuscitated to pre-
vent the noxious effects of hypovolemic shocks, such 
as cellular hypoperfusion, anaerobic metabolism, and 
metabolic acidosis [1]. Fluid resuscitation is the cor-
nerstone of hypovolemic shock treatment because ad-
equate fluid therapy is necessary to maintain cellular 
perfusion. However, there is no consensus on the best 
type of fluid resuscitation in terms of safety and effec-
tiveness [2]. 

Monitoring hypovolemia is a daily challenge in 
the emergency department. Following acute and se-
vere hemorrhage, robust compensatory physiological 
responses are activated, which have traditionally been 
used to diagnose hypovolemic shock and to guide flu-
id resuscitation. However, studies have demonstrated 
that monitoring these physiologic criteria, including 
heart rate, blood pressure, and respiratory rate may 
not be proportional to the hypovolemic states, and 
when the above-mentioned criteria are close to the 
reference range, occult hypoxemia is probable at the 
cellular level [1].

It is well-known in human medicine that blood 
gas changes rapidly during hypovolemic shock. Fur-
thermore, the information provided by venous and 
arterial blood gas analysis can reflect the patient's true 
oxygenation and metabolic status at the cellular level. 
Sánchez-Díaz and colleagues have shown that blood 
gas parameters can be used as a tool to monitor shock 
severity and fluid resuscitation adequacy [3]. Howev-
er, the effects of different types of fluids (e.g., crystal-
loid and colloidal solutions) on the blood gas param-
eters of veterinary patients are not well understood. 

Although in the previous studies blood gas and 
acid-base status of healthy dogs were assessed [4, 5], 
according to our knowledge, changes in blood gas 
during resuscitation of hypovolemic dogs have not 
been investigated. Consequently, the primary objec-
tive of this study was to evaluate the effects of resusci-
tation with LR solution and HES on venous and arte-
rial blood gas in dogs with experimental hypovolemic 
shock. The secondary objective of this study was to 
evaluate the difference between venous and arteri-
al blood gas parameters and the possibility of using 
venous blood gas analysis as a less invasive and safer 
surrogate method for arterial blood gas analysis in the 
resuscitation of hypovolemic dogs.

Discussion

Result

In this study, changes in venous and arterial 
blood gas parameters during endpoint resuscitation 
by LR solution and HES, as the most frequently used 
crystalloid and colloidal solutions, were analyzed in 
dogs with experimental hypovolemic shock.

Trauma-induced massive hemorrhage results in 
hypovolemia, hypotension, and reduced cardiac out-
put. During a hypovolemic shock state, poor cellular 
oxygenation due to insufficient red cell mass and he-
moglobin concentration causes anaerobic metabo-
lism and subsequent metabolic acidosis [6, 7]. In the 
present study, pH, PO2, and HCO3- declined during 
the hypovolemic stage, which confirms metabolic aci-
dosis and hypoxia, and can be attributed to decreased 
oxygen delivery, increased lactate, and excess hydro-
gen ions. The BE represents the combined effects of 
HCO3- and hydrogen ion concentrations. Depletion 
of BE in the background of metabolic acidosis may 
indicate hypovolemia-induced pre-hepatic dysfunc-
tion in restoring the pH levels. In this situation, lac-
tate removal is reduced as a result of sympathoadrenal 

The mean ± SD of the collected blood volume was 
57.11 ± 5.17 and 52.86 ± 8.22 ml/kg in the animals 
of groups A and B, respectively, which represent al-

most 61% of the blood volume (90 ml/kg) on aver-
age. There was no significant difference between the 
groups in this regard (p > 0.05). In either group, the 
dogs were successfully resuscitated with fluid therapy 
without death. Animals in groups A and B in each 
of the resuscitation steps, received 385.08 ± 97.85 ml 
LR and 89.5 ± 23.17 ml HES, respectively. Moreover, 
mean arterial pressure did not have a significant dif-
ference in any of the study stages between the two 
groups (p > 0.05).
In the hypovolemic stage, only venous PCO2 in-
creased significantly (p < 0.05), while other studied 
parameters decreased compared to the control stage. 
However, the decline in venous BE in both groups 
and venous bicarbonate in group A was not signifi-
cant (p > 0.05, Tables 1 and 2). During the resuscita-
tion stage, venous and arterial blood gas parameters 
in both groups almost returned to the control stage, 
so that in the eighth step of the study, no significant 
change was found among the control and post-resus-
citation stages, except for venous PCO2 in group A 
and HCO3- in group B. The statistical analysis of the 
data did not show a significant difference between 
the two types of solutions used (p > 0.05).
Statistical analysis revealed that in some stages of the 
research, there was a significant difference between 
the venous and arterial blood gas parameters (Figure 
1). However, in all stages of the study, the venous and 
arterial partial pressures of oxygen were significant-
ly different (p < 0.05), while the venous and arterial 
bicarbonate concentration and pH did not have a sig-
nificant difference (p > 0.05).
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Figure 1.
Mean ± SD of venous (V) and arterial (A) blood gas parameters in the studied stages. 
A) pH, B) PCO2, C) PO2, D) HCO3-, E) BE. S1: Control stage, S2: Hemorrhagic stage, S3: Hypovolemic stage, S4: Resuscitation stage, 
S5: Post-resuscitation stage.  ap < 0.05 

vasoconstriction and decreased blood flow to the liver 
as the primary consumer of lactate. It is worth noting 
that excess hydrogen ions can reduce the sensitivity of 
cardiomyocytes to calcium and consequently reduce 
cardiac contractility. Poor cardiac contractility leads 
to decreased cardiac output and worsening cellular 
oxygenation [6, 8-10]. Following diminished cardiac 
output, venous CO2 delivery and elimination in the 
pulmonary alveoli are reduced and venous hypercar-
bia is exacerbated [7]. This probably explains the rise 
in venous PCO2 in the hypovolemic dogs investigated 
in the present research. These findings are confirmed 
by other studies as similar changes in the blood gas 
parameters of different species with hemorrhagic 
shock (e.g., cats, rabbits, and pigs) [7, 9, 11].

Given that metabolic acidosis in hypovolemic pa-
tients is usually due to tissue hypoperfusion, the best 
approach to correcting acidosis is fluid resuscitation 
[8]. We used the endpoint resuscitation method to 
serially evaluate the blood gas parameters during the 
fluid therapy of hypovolemic dogs. Crystalloid and 
colloid solutions can affect the acid-base status differ-
ently. Compared to LR, HES has more chloride (109 
vs. 154 mmol/l) and a lower pH (6.5 vs. 5.4) [2]. This 
difference caused a decline in pH during the resusci-

tation stage in group B compared to A. However, this 
difference was not statistically significant.

Although most of the blood gas parameters in 
both groups returned to baseline values by the end 
of the fluid resuscitation steps, venous PCO2 and 
HCO3- showed a significant difference between the 
last and first stages of the study in the LR and HES 
resuscitated groups, respectively. The main reason for 
this significant difference might be discrepancies in 
the mechanism of action and durability of the solu-
tions used. About 80% of an isotonic crystalloid solu-
tion, such as LR, is transferred to the interstitial space 
within 1 h after infusion [12]. Accordingly, continued 
fluid therapy or a change in the resuscitation protocol 
in group A could be necessary because despite fluid 
therapy with about a quarter of the full shock dose 
(80-90 ml/kg) in four 15-minute intervals, venous 
PCO2, as a reliable indicator of tissue perfusion [7], 
was slightly beyond the baseline value in the post-re-
suscitation stage.

A significant decrease in HCO3- concentration in 
the post-resuscitation stage compared to the control 
stage in group B could be related to the lower pH of 
HES and renal dysfunction in producing bicarbonate 
[9]. As a result, in human medicine, serious concerns 
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about the occurrence of acute kidney injury because 
of HES administration, especially in critically ill pa-
tients, have increased. Bae et al. reported that follow-
ing the administration of HES to a Golden retriever, 
acute kidney injury remarkably developed, which is 
probably due to the nephrotoxicity of HES [13].

Serial arterial blood gas analyses, known as the 
gold standard method to evaluate the acid-base sta-
tus and blood oxygenation in critically ill patients is 
a helpful method in monitoring resuscitation efforts 
[7]. However, arterial puncture can have serious com-
plications, including arterial injury, hemorrhage, he-
matoma formation, thrombosis, pseudoaneurysm, 
and limb ischemia [14]. Venous blood gas analysis 
is usually less painful and easier. In addition, most 
critically ill patients require venipuncture as a part 
of clinical evaluations. Hence, many researchers have 
recently focused on evaluating the accuracy and reli-
ability of venous blood gas as an alternative to arterial 
blood gas.

In human medicine, Kelly showed in a review ar-
ticle that in patients who are not in a shock state, ve-
nous and arterial pH, BE, and bicarbonate had a good 
agreement to be an alternative for arterial parameters. 
However, venous and arterial PCO2 agreement was 
poor and unpredictable to be useful in emergency 
medical care [15]. Rudkin et al. demonstrated that in 
hypovolemic patients, due to peripheral vasoconstric-
tion and blood shunting to vital organs, peripheral ve-
nous pH, HCO3-, and PCO2 do not agree sufficiently 
to surrogate their arterial equivalents [16]. 

In veterinary medicine, Tamura and colleagues 
documented good agreement between BE in arterial 
and venous samples. However, there were consider-
able differences in the pH, PCO2, PO2, and HCO3- be-
tween central venous and arterial blood gas in con-
scious dogs. These authors suggested that the analysis 
of both venous and arterial blood gas is indispensable 
for hemodynamic evaluation in dogs [5]. Another 
study on rabbits with hemorrhagic shock showed a 
significant difference for arteriovenous PCO2, while 
the statistical difference for pH was not significant [7].

Blood gas is principally analyzed to assess ac-
id-base status (typically pH and bicarbonate) and re-
spiratory function (typically PCO2 and to some extent 
pH) in the emergency department [15]. Our results 
demonstrated no difference between arterial and ve-
nous pH, HCO3-, and PCO2 during fluid resuscitation 
of hypovolemic dogs. Therefore, these parameters can 
be used interchangeably. The partial pressure of ox-
ygen is an indicator of efficient oxygenation of the 
lungs and BE is considered the best marker of changes 
in blood volume. A decrease in BE indicates an in-
creased oxygen debt [4, 6]. According to the results 
of this study, due to statistical differences, venous PO2 

and BE are not valid alternatives to similar arterial 
parameters in the fluid resuscitation of hypovolemic 
dogs.

The differences in our results with prior studies 
and the published reference ranges may be due to dis-
crepancies in the methodology of experience. Blood 
gas parameters can change in a few seconds with wide 
ranges. Therefore, there may be some degrees of dis-
crepancy between the parameters obtained from the 
two standard blood gas analyzers [11]. The compo-
sition of the blood gas largely depends on the site of 
blood collection, so that in a hypovolemic state, the 
occurrence of compensatory peripheral vasoconstric-
tion uncouples the central and peripheral vascular 
compartments [16]. Several venous samples (e.g., cen-
tral vein, jugular vein, and mixed venous blood) can 
reliably present the acid-base status. Previous human 
medicine studies have shown central venous blood 
gas authenticity as a successor to arterial blood gas. In 
the current study, jugular blood samples were used to 
evaluate venous blood gas because it was found that 
the values of jugular vein samples are similar to the 
central vein [5]. Furthermore, to minimize the errors 
during the analysis of blood samples, we used the 
evacuated syringe technique and expelled the air in 
the syringes immediately. The analysis was completed 
in 5 min after blood collection. 

Our study had two main limitations that need to 
be highlighted. First, this research was not conducted 
on conscious dogs. Therefore, the possible compensa-
tory response of the respiratory system in a hypovole-
mic state was not investigated. However, performing 
this experiment without the induction of anesthesia 
was certainly stressful for the animals. Second, the 
post-resuscitation monitoring period was short. It has 
been documented that acidosis can reduce myocardi-
al contractility and affect the inflammatory response 
[17]. Interestingly, higher BE and PCO2 have been 
shown to be related to improved survival in patients 
with hemorrhagic shock [6]. Nonetheless, in this ca-
nine model of hypovolemic shock, no casualties were 
observed following the one-week animal monitoring 
period. 

In conclusion, we analyzed all the commonly used 
venous and arterial blood gas parameters during re-
suscitation with LR and HES in hypovolemic dogs. 
We found that dogs with hypovolemic shock experi-
enced acidosis. Moreover, following fluid resuscita-
tion, most of the parameters, except for venous PCO2 
and HCO3- in the groups resuscitated with LR and 
HES, respectively, returned to the control stage val-
ues. In addition, our results showed that arterial and 
venous pH, HCO3-, and PCO2 could be used inter-
changeably to serially monitor the hypovolemic dogs 
during fluid resuscitation. Arterial and venous PO2 
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Germany), respectively.
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and BE had significant differences in the resuscitation 
stage. However, a clinically acceptable difference be-
tween venous and arterial parameters is not known 
and should be investigated in the future. Given that 
blood gas parameters should be interpreted according 
to the individual patient’s clinical status, it is recom-
mended that blood gas analysis, as a reliable method 
to identify and manage critically ill patients, be per-
formed on the other types of shock in small animals.
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