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/Abstract \

Background: Plasma expanders are widely used for acute normovolemic hemodilution (ANH). However, existing
studies have not focused on large-volume infusion with colloidal plasma expanders, and there is a lack of studies that
compare the effects of different plasma expanders.

Methods: The viscosity, hydrodynamic radius (R;) and colloid osmotic pressure (COP) of plasma expanders
were determined by a cone-plate viscometer, Zetasizer and cut-off membrane, respectively. Sixty male rats were
randomized into five groups with Gelofusine (Gel), Hydroxyethyl Starch 200/0.5 (HES200), Hydroxyethyl Starch 130/0.4
(HES130), Hydroxyethyl Starch 40 (HES40), and Dextran 40 (Dex40), with 12 rats used in each group to build the ANH
model. ANH was performed by the withdrawal of blood and simultaneous infusion of plasma expanders. Acid-base,
lactate, blood gas and physiological parameters were detected.

Results: Gel had a lower intrinsic viscosity than HES200 and HES130 (P<0.01), but at a low shear rate in a mixture
of colloids, red cells and plasma, Gel had a higher viscosity (P<0.05 or P<0.01, respectively). For hydroxyethyl starch
plasma expanders, the COP at a certain concentration decreases from 11.1 mmHg to 6.1 mmHg with the increase of
R, from 10.7nm to 20.2nm. A severe ANH model, with the hematocrit of 40% of the baseline level, was established
and accompanied by disturbances in acid-base, lactate and blood gas parameters. At the end of ANH and 60 min
afterward, the Dex40 group showed a worse outcome in maintaining the acid-base balance and systemic oxygenation
compared to the other groups. The systolic blood pressure (SBP), diastolic blood pressure (DBP), and mean arterial
pressure (MAP) decreased significantly in all groups at the end of ANH. The DBP and MAP in the Dex40 group further
decreased 60 min after the end of ANH. During the process of ANH, the Dex40 group showed a drop and recovery in
SBP, DBP and MAP. The DBP and MAP in the HES200 group were significantly higher than those in the other groups at
some time points (P<0.05 or P<0.01).

Conclusions: Gel had a low intrinsic viscosity but may increase the whole blood viscosity at low shear rates. R, and
COP showed a strong correlation among hydroxyethyl starch plasma expanders. Dex40 showed a worse outcome in
maintaining the acid-base balance and systemic oxygenation compared to the other plasma expanders. During the
process of ANH, Dex40 displayed a V-shaped recovery pattern for blood pressure, and HES200 had the advantage in
sustaining the DBP and MAP at some time points.
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Background

Acute normovolemic hemodilution (ANH) is performed
ahead of a procedure with a high risk of blood loss[1]. During
ANH, whole blood from the patient is removed and replaced
with a mixture of crystalloids and colloids to maintain the
blood volume[1, 2]. ANH is widely applied for patients
coming through cardiac surgery, particularly for those who
refuse transfusion for religious or other reasons[3]. Moreover,

ANH shows great prospects in patients coming through
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major hepatic surgery and other procedures associated
with moderate-to-high blood loss (at least 1000 ml)[4].
ANH is also an effective and safe way to reduce the need for
perioperative transfusion in pediatric patients receiving high
blood loss surgeries[S]. A meta-analysis has demonstrated that
patients undergoing ANH have a clinically related reduction
in red blood cell transfusions and a decreased incidence of
transfusions with allogeneic blood[6]. ANH is regarded as an
important clinical strategy for decreasing the use of allogeneic
blood[7] and has been approved as a standard method of
intraoperative blood conservation by the American Society of
Anesthesiologists[3, 7].

183



You et al. Mil Med Res 2020
http://mmrjournal.biomedcentral.com

The crystalloids and colloids used in ANH include
balanced salt solutions, albumin solutions, and artificial
plasma expanders. Plasma expanders are used commonly in
mainland China and include succinylated gelatin injection
(Gelofusine, Gel), Dextran 40 sodium chloride injection
(Dex40), 200/0.5 hydroxyethyl starch and sodium chloride
injection (Hydroxyethyl Starch 200/0.5, HES200),
130/0.4 hydroxyethyl starch and sodium chloride injection
(Hydroxyethyl Starch 130/0.4, HES130) and hydroxyethyl
starch 40 sodium chloride injection (Hydroxyethyl Starch 40,
HES40).

Hydroxyethyl starch (HES) solutions, which is also
commonly applied in shock treatments to increase the
plasma volume[8], is a colloid solution classified by the
molecular weight and the degree of substitution[9]. Gelatins
are semisynthetic colloids obtained from the breakdown
of collagen[9]. The use of HES130 in patients undergoing
acute hemodilution reportedly results in better microvascular
reactivity compared to the use of Gel[10]. Dextrans are
polysaccharides that are available in multiple molecular
weights[9], among which Dextran 70, Dextran 40 and Dextran
20 are widely used clinically. Animal studies have concluded
that dextrans are effective plasma expanders that can decrease
edema formation compared with crystalloids[11].

In recent years, the safety of using the above mentioned
colloids intraoperatively has been extensively debated[12].
Large randomized controlled trials[13] have reported that
the use of HES130 is associated with an increased risk of
renal dysfunction in patients requiring renal replacement
therapy and a higher mortality rate in patients with severe
sepsis who receive 6% HES130[14]. The US Food and Drug
Administration (FDA) has recommended that HES should
not be applied in critically ill patients[9].

Despite these concerns, plasma expanders are still
appropriate in certain situations. One study[15] reported
that a patient, whose blood type was B and Rh-negative,
successfully underwent extreme hemodilution with HES130,
and another study[8] reported that HES is effective in
improving acidosis in patients with aluminum phosphide
poisoning. Furthermore, the Coordination Group for Mutual
Recognition and Decentralized Procedures-Human, which is
a medicinal regulatory body representing the European Union
Member States, decided that HES should be used for infusion
in clinical practice, provided that additional measures are
implemented to protect patients[16].

Plasma expanders are still widely used for ANH currently.
However, existing clinical studies have not focused on large-

volume infusion with plasma expanders, and there is a lack of
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studies that compare the effects of different plasma expanders.
Therefore, in the present study, a rodent model of severe
ANH was established to compare the effects of different
plasma expanders on the blood gas, acid-base balance and
physiological parameters. The present findings may provide
an experimental basis for large-volume infusion with plasma
expanders in clinical practice and will provide an academic
reference for the treatment of patients with severe trauma and

massive bleeding.

Methods

Measurement of physicochemical properties with plasma
expanders

Blood samples were collected from Wistar rats. The cone-plate
viscometer (BT-300, Bright, China) was used to determine
the intrinsic viscosity of the plasma expanders at a shear rate
of 200s™". Whole blood was centrifuged at 3000 r/min and
4°C for 10 min, and then the plasma was separated and kept
in a centrifuge tube. Red cell concentrates (0.48 ml) were
mixed with plasma (0.42 ml) to get red cell suspensions.
Plasma or plasma expanders (0.3 ml) were added to the red
cell suspensions to get the corresponding mixtures. The
mixtures were incubated in a water bath (YHJD-0S5-1 L,
Shanghai Pingxuan Scientific Instrument Co., Ltd., China) at
37°C for 15min, and afterward, the viscosity of the mixtures
was determined at shear rates of 200, 100, 30, and 1s™ using a
cone-plate viscometer.

The plasma expanders were diluted with phosphate buffer
solution (PBS) to obtain a concentration of 0.05%, and the
hydrodynamic radius (Rh)[17] of each plasma expander
was determined by a Zetasizer (Nano2$§, Malvern, China) at
25°C. Plasma expanders in the intrinsic concentration of the
injection were diluted with PBS to achieve a concentration of
2%. A colloid osmometer (Osmomat 050, Gonotec, Germany)
was used to measure the osmotic pressure of the colloids in the
intrinsic concentration and diluted concentration (2%).
Animals
All experiments were approved by the Laboratory Animal
Centre of the Academy of Military Medical Sciences. Since
researchers have found that there are gender differences in
the morbidity and mortality from trauma and hemorrhagic
shock (HS)[18, 19], in order to avoid gender effects and
get homogeneous data, 60 male Wistar rats (270-340 g)
purchased from Vital River Laboratories (Beijing, China) were
randomly divided into five groups in the present study. Each
rat was anesthetized via intraperitoneal injection with sodium
pentobarbital (Peking Chemical Agent Co., China) (50 mg/kg).

The rats were then put in the supine position on a heating pad
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(TMS-202, Softron, China) with a temperature of 37°C.
Experimental animal grouping

The animals were randomly divided into S groups (12 rats
for each group), as follows: 1) Gel group, 4% Succinylated
Gel (Gelofusine®, B. Braun, Shenyang, China); 2) HES200
group, 6% HES 200/0.5 (HAES-steril®, Fresenius-Kabi, Bad
Homburg, Germany); 3) HES130 group, 6% HES 130/0.4
(Voluven®, Fresenius-Kabi, Bad Homburg, Germany); 4)
HES40 group, 6% HES40 (Shandong Qidu Pharmaceutical
Co. China); and 5) Dex40 group, 6% Dextran 40 (Shandong
Qidu Pharmaceutical Co., China). Each injection contained
NaCl solution (0.9%).

Rodent model of ANH

Both femoral arteries and the right femoral vein were isolated
and cannulated with polyethylene catheters (PE-50). The
catheter inserted into the left femoral artery was used for
blood withdrawal at the speed of 20 ml/h[20, 21], the catheter
inserted in the right femoral vein was used for fluid infusion
at the same speed, and the catheter in the right femoral artery

was connected to a multiple-channel recorder (MP150,

Biopac System, USA) for monitoring the blood pressure
and heart rate (HR). The left jugular vein was isolated and
cannulated to approximately 3.5 cm deep with a catheter for
the measurement of the central venous blood gas.

The hemodilution approach is shown in Fig. 1, and it was
performed in three steps. The first step of hemodilution (H1)
was stopped when the Hct was reduced to 80% of baseline
level, and this took approximately 20 min. In the following
steps, the hematocrit (Hct) was reduced to 60% (H2) and 40%
(H3) of the baseline level, taking approximately 30 min and 45
min, respectively. H3 was the end of ANH. After H3, the rats
were monitored for 60 min. The assessment time points were
the baseline (BL), the end of the first step of hemodilution
(H1), the end of the second step of hemodilution (H2), the
end of the final step of hemodilution (H3), 10 min after H3
(10min), 20 min after H3 (20 min), 30 min after H3 (30 min)
and 60 min after H3 (60 min). At the end of the experiment,
according to the regulations for the administration of affairs
concerning experimental animals, the animals were killed by

cervical dislocation under anesthesia.

-

Stabilization
10 min

Operation

~

Observation

Fig. 1 Preparation of ANH.

ANH. Acute normovolemic hemodilution; BL. Baseline; H1. The end of the first step of hemodilution; H2. The end of the second step
\of hemodilution; H3. The end of the final step of hemodilution; RBC. Red blood cell; Hct. Hematocrit /

Measurement of blood parameters

The Hct and hemoglobin (Hb) concentrations were measured
by a semiautomated blood cell analyzer (Hemavet 950, Drew
Scientific Inc., USA). The blood gas was determined by a
blood gas analyzer (ABL80 FLEX, Radiometer Copenhagen,
Denmark).

Statistical analysis

All data were examined for normality and homogeneity of

variance. Comparisons among all groups at a single time point

or among all time points within one group were performed
using one-way independent ANOVA followed by Fisher’s
(LSD) post hoc analysis when the normal distribution or
homogeneity of variance assumption was satisfied, and
otherwise, the nonparametric Kruskal-Wallis test was used.
The correlations between physiological parameters and blood
gas parameters were analyzed by multiple linear regression,
and the independent variables were screened by a step-by-step
method. The correlation between the COP and R, of colloids
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was analyzed by two individual regression analysis. SAS 9.2
software (SAS Institute Inc., Cary, USA) was used to analyze
the data, which are expressed as the meantstandard deviation
(M+SD). P<0.05 was considered to indicate a statistically

significant difference.

Results

Physicochemical properties of plasma expanders

Figure 2a shows the intrinsic viscosity of the colloids. Gel had
a lower intrinsic viscosity than Dex40, HES200, and HES130
(P<0.01). Dex40 had a higher intrinsic viscosity than that of
HES40 (P<0.01). The viscosities of HES200, HES130 and
HES40 decreased with the decrease of the molecular weight.
The viscosities of the different colloids mixed with red cells
and plasma at various shear rates are demonstrated in Fig. 2b.
At a shear rate of 157, the mixture containing Gel had a higher
viscosity than the mixtures containing plasma, HES200 and
HES130 (P<0.05 or P<0.01). The mixtures containing HES40
and Dex40 had higher viscosities than the mixtures containing
plasma and HES200 (P<0.05 or P<0.01). The mixture
containing HES130 had a higher viscosity than the mixture
containing plasma (P<0.05). The mixtures containing Gel
and Dex40 had higher viscosities than the mixture containing
plasma at 305, 100s™, and 210s™" (P<0.01). Furthermore,
Fig. 2c demonstrates the R, values of the different plasma
expanders. The R, of HES200 was larger than the others
(P<0.01). HES130 had a larger R, than HES40 (P<0.01),
Dex40 and Gel (P<0.05).

Figure 2d shows the colloid osmotic pressure (COP)
of plasma expanders at the intrinsic concentration of the
injection, which was 4% for Gel and 6% for the others. The
COP of HES200 was significantly lower than those of the
other colloids (P<0.01). The COP of Dex40 was significantly
higher than those of the other colloids (P<0.01). The COP of
Dex40 and Gel were significantly higher than that of HES130
(P<0.01). To measure the COP at the same concentration, the
colloids were diluted with PBS to achieve a concentration of
2%, which is shown in Fig. 2e. HES200 had the lowest COP.
HES40 had a higher COP than HES130 (P<0.01). Dex40 had
a higher COP than HES130 and HES40 (P<0.01). The Gel
had the highest COP.

The correlation between R, and COP of all colloids is
demonstrated in Fig. 2f, and the coefficient of determination
(R’) was 0.43, which was statistically significant (P<0.01).
Furthermore, the correlations between the R, and COP of
HES200, HES130 and HES40, which are all hydroxyethyl
starches, are shown in Fig. 2g. The coefficient of determination
(R?) was 0.97, which was statistically significant (P<0.01).
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Preparation of ANH model

The hemoglobin (Hb) concentration and Hct are
demonstrated in Fig. 3. There were no significant differences
between groups at any time point (Fig. 3a, c). Hb and Het were
lower at H3 and 60 min than at BL (P<0.01, Fig. 3b), and they
become higher at 60 min than at H3 (Fig. 3d).

Acid-base and lactate parameters

The acid-base balance was examined by measuring the pH,
base excess (BE), bicarbonate ion concentration (HCO, )[22],
and blood lactate concentration (Lac) to assess the tissue
hypoxia of rats together with the blood gas parameters. The
pH in the HES200 group was increased significantly at 60 min
compared with BL and H3 (P<0.01, Fig. 4a). In the Dex40
group, the pH decreased gradually at H3 and 60 min compared
with BL (P<0.05). The pH at H3 and 60 min was lower in the
Dex40 group than in the other groups (P<0.05 or P<0.01).

In all groups, the actual BE levels and the HCO; levels of
all groups decreased gradually from BL to 60 min after ANH
(P<0.01, Fig. 4b, c). At H3 and 60 min, the BE and HCO,"
levels were lower in the Dex40 group than in the other groups
(P<0.01). The Lac of all groups increased gradually from BL
to 60min (P<0.01, Fig. 4d). The Lac was higher in the Dex40
group than in the other groups at H3 and 60 min (P<0.01).
Blood gas parameters
To assess the tissue hypoxia of rats, the oxygen saturation in
the central venous blood (ScvO,), central venous oxygen
partial pressure (PcvO,), partial pressure of oxygen (PaO,) and
partial pressure of carbon dioxide (PaCO,) were measured[23]
and are demonstrated in Fig. 5. The ScvO, (Fig. Sa), PcvO,
(Fig. Sb) and PaCO, (Fig. 5d) of all groups decreased gradually
(P<0.01) and the PaO, (Fig. Sc) increased gradually (P<0.0S
or P<0.01) from BL to 60 min after ANH. The ScvO, was
lower in the Dex40 group than in the Gel, HES200 and HES40
groups at 60 min (P<0.05). The PaCO, was higher in the
HES200 group than in the HES40 and Dex40 groups at 60 min
(P<0.05).
Physiological parameters
To assess the cardiac function, tissue infusion, and
microcirculation[24], the systolic blood pressure (SBP),
diastolic blood pressure (DBP), mean arterial pressure
(MAP), pulse pressure (PP) and heart rate (HR) were
monitored. The SBP, DBP and MAP levels were significantly
decreased (P<0.01) at H3 compared with BL in all groups.
The SBP increased significantly at 60 min in the HES200 and
HES40 groups (P<0.05), and the DBP and MAP decreased
significantly (P<0.01) at 60 min in the Dex40 group compared
with those at H3 (Table 1).

The SBP, DBP and MAP levels decreased during the ANH.
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The SBP levels soon recovered towards the normal level during
the observation phase, while the DBP and MAP maintained
decreased levels during the observation phase. The SBP, DBP
and MAP levels decreased rapidly and suddenly in the Dex40
group at H1, with values lower than those in the other groups
(P<0.01). Then, it soon recovered at H2 but was significantly
lower than in the HES200 and HES130 groups (P<0.0S or
P<0.01). The SBP level in the Dex40 group was significantly
lower than those in the Gel, HES130, HES40 and HES200
groups at 60 min (P<0.0S or P<0.01). The DBP level in the
Dex40 group was significantly lower than that in the HES200
group at H2 and 20 min (P<0.0S or P<0.01), and it was
significantly lower than those in the Gel, HES200 and HES130
groups (P<0.05) at 30 min, after which it was significantly
lower than those in the HES200 and HES130 groups (P<0.01)

at 60 min. The MAP level in the Dex40 group was significantly
lower than that in the HES200 group at H2 and those in the
other groups at 30 min (P<0.05 or P<0.01), and then it was
significantly lower than those in the other groups (P<0.01),
except the HES40 group at 60 min.

In addition to the significant differences of the SBP, DBP
and MAP between the HES200 group and Dex40 group
among time points, the SBP level in the HES200 group was
significantly higher than those in the HES40 and Gel groups
(P<0.01) at H2, and it was also significantly higher than that in
the HES40 group at H1, H3 and 10min (P<0.05 or P<0.01).
Then, the DBP level in the HES200 group was significantly
higher than those in the other groups at H2 (P<0.05 or
P<0.01), and it was also significantly higher than that in the
HES40 group at H3, 10 min and 20 min (P<0.0S or P<0.01).
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The MAP level in the HES200 group was significantly higher
than that in the HES40 group (P<0.01) at H1 and H2, and it
was also significantly higher than that in the Gel group at H2,
H3 and 60 min (P<0.0S or P<0.01, Table 1).

As displayed in Table 1, the PP level increased significantly
at H3 compared with BL in the Gel, HES200 and HES130
groups (P<0.05 or P<0.01), and it increased significantly
at 60 min compared with H3 in the Gel and HES40 groups
(P<0.05). The HR level significantly increased at 60 min
(P<0.01) compared with BL and H3 in the Gel, HES130 and
HES40 groups. Furthermore, in the Dex40 group, the HR level
increased significantly at H3 and 60 min compared with BL
(P<0.01) and was significantly higher than those in the Gel
and HES200 groups at H3 (P<0.0S, Table 1).

The PP level in the Dex40 group was lower than those in
the other groups at H1 (P<0.01). At 10 min, it was higher than
that in the HES40 group (P<0.05). At 60 min, it was lower
than that in the HES200 group (P<0.05). The HR level in the
Dex40 group began to increase significantly from H2. At H2, it
was higher than that in the Gel group (P<0.05). At H3, it was

higher than those in the Gel and HES40 groups (P<0.0S). At
10 min, it was higher than those in the other groups (P<0.05
or P<0.01). At 20 min, it was higher than those in the Gel,
HES200 and HES130 groups (P<0.0S or P<0.01). At 30 min,
it was higher than those in the HES200 and HES130 groups
(P<0.01, Table 1).

The correlation between AMAP and ABE is demonstrated
in Fig. 6a, and the R’ was 0.36, which was statistically
significant (P<0.05). Furthermore, the correlation between
AMAP and ALac was analyzed and is demonstrated in Fig. 6b.
The R’ was 0.39, which was statistically significant (P<0.05).

Discussion

Physicochemical properties of the plasma expanders In the
present study, Gel had a lower intrinsic viscosity than HES200,
HES130 and Dex40, but in a mixture with red cells and
plasma, Gel had a higher viscosity at low shear rates compared
with plasma, HES200 and HES130. Gel also resulted a higher
viscosity than plasma at all shear rates. These data are similar

to the result of a previous study reporting that Gel increased
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Fig. 6 Correlations between physiological parameters and blood gas parameters.
\a. The correlation between AMAP and ABE (P<0.05); b. The correlation between AMAP and ALac (P<0.05) /
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the blood viscosity[25]. Since viscosity at low shear rates
indicates the aggregation of red cells, the results in this study
are consistent with the finding that Gel induces red cell
aggregation[26].

The R, increased with the increase of the molecular weight.
The principle of colloid administration is that solutions
containing macromolecules may act as better intravascular
volume expanders compared with crystalloid fluids and
will increase the plasma COP[9]. For the intrinsic injection
concentration, Dex40 had the highest COP, followed by
HES40, Gel, HES130, and HES200. This is because the
intrinsic concentration of Gel is 4%, while that of the other
plasma expanders is 6%. When all colloids were diluted to
a concentration of 2%, the COP of Gel was significantly
higher than that of Dex40. For all colloids, R, and COP show
poor correlation, while for HES40, HES130 and HES200,
Rh and COP show good correlation. Therefore, at a certain
concentration, the COP of hydroxyethyl starch decreases with
the increase of the molecular weight.

The rodent model of severe ANH

The Hct was reduced by approximately 20% in each step (Fig. 1)
and was expected to reach 40% of the baseline level at the
end of hemodilution. In accordance with accepted standards,
the degree of normovolemic hemodilution was classified as
mild (Hct >30%), moderate (Hct 20%-30%), or severe (Hct
10%-20%)[27]. The present rodent model of ANH reached
Hct 16%, indicating severe hemodilution.

At 60 min after H3, the Hct and Hb concentrations were
significantly higher than they were at H3, which suggests that
the volume expansion effect of the plasma expanders was
weakening and that the total circulation volume was reduced
because of the in vivo metabolism of the plasma expanders.
For example, Dextran can be metabolized into CO, and
H,O by dextranase at a rate of 70 mg/kg bodyweight every
24h[28, 29]. The half-life of Dextran (28,000 to 36,000 Da)

as determined by its molecular weight in the human body is
approximately 30 min[28].

In the preparation of the present rodent model, the speed of
infusion or hemorrhage was 20 ml/h, which reduced the Hct
to 80%, 60%, and 40% of the baseline value in the three steps
performed to attain ANH (Hct=16%). Table 2 compares the
present rodent model of ANH with the rodent model of HS
(hemorrhaging approximately 40% of the total blood volume)
which was published in research by our lab[20, 30-32]. In both
models, the Hct, Hb, BE, ScvO,, and MAP decreased, and the
Lac increased. However, the Hct and Hb decreased more in the
ANH model than in the HS model. In addition, compared with
the HS model, the ANH model resulted in smaller decreases in
BE, ScvO,, and MAP and a smaller increase in Lac, indicating
more severe acidosis in the rodent model of HS[30, 32, 33].

Table 2 The differences of variables between the rodent
model of ANH and HS

Variables Severe ANH in this study HS

Hct (%) 40% of BL 83% of BL[32]

Hb (g/dl, x+s) 434+0.13 10.70+1.30[20]
BE (mmol/L, x+s) -0.24+2.23 -13.30+2.70[30]
MAP (mmHg, x+s) 66.86+10.89 38.00-40.00[30]
Lac (mmol/L, x+s) 3.60+1.32 8.60+1.80[30]
ScvO, (%, x+s) 40.13+6.10 35.90+5.60[20]

ANH. Acute normovolemic hemodilution; HS. Hemorrhagic shock;
Hct. Hematocrit; BL. Baseline; Hb. Hemoglobin; BE. Base excess;
MAP. Mean arterial pressure; Lac. Blood lactate; ScvO,. The oxygen
saturation in central venous blood

In the process of model preparation, the SBP levels
decreased gradually in all groups and increased back to the
level of the baseline except for Dex40, and the DBP and MAP
levels in all groups were reduced gradually, which corresponds
with previous reporting that human and animal MAP was
decreased during the process of ANH[34]. The DBP and MAP
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levels in all groups were lower than those of the baseline at all
time points.

The reason may be that during the hemodilution, although
the blood volume did not change significantly, the blood
viscosity decreased, so the shear force on the blood vessels
decreased, and the tension of the vascular smooth muscle
changed, resulting in a decrease in the SBP. In addition,
because of the decrease in the blood viscosity, the vascular
peripheral resistance decreased, and the diastolic blood flow
velocity increased, so the amount of blood retained in the
aorta decreased, after which the DBP declined. Moreover,
the changes in the MAP, which is approximately equal to the
DBP plus 1/3 of the PP, were consistent with the changes in
the DBP. The insufficient oxygenation resulted in increased
cardiac output due to compensatory mechanisms, so there was
an increase in the blood volume ejected into the aorta and the
lateral pressure on the arterial wall, which led to an increase in
the SBP. In addition, a previous study[35] reported that the
HR of patients undergoing ANH was basically unchanged,
which was similar to the present findings. However, the HR in
the Dex40 group was significantly increased, but the reason for
this effect needs further research.

Influence of different plasma expanders on acid-base,
lactate and blood gas parameters

In the present study, the BE was significantly lower in the
Dex40 group than in the other groups at H3 and 60 min. The
BE, which reportedly reflects the degree of body damage,
is markedly decreased in HS[36], demonstrating that the
fluctuation of the BE should be closely monitored and can be
used to assess the degree of body damage in severe ANH.

At 60 min, the Lac was significantly higher in the Dex40
group than in the other groups. Arterial Lac is a specific
product of anaerobic metabolism and could reflect the tissue
aerobic metabolism, which is an index of tissue hypoxia[37].
Hyperglycemia reportedly occurs during the early phase
of HS[38]. Furthermore, due to the decrease in tissue
oxygenation, there is a shift toward anaerobic glycolysis
and an increase in Lac[39]. The elimination half-lives of
Dex40, HES200, and Gel are 9.6+2.3h, 12.1h, and 16.2 h,
respectively[28, 40], indicating that Dex40 is metabolized
faster than HES200 and Gel. Moreover, at 60 min, the ScvO,
was significantly lower in the Dex40 group than in the
other groups, which might have been because Dex40 was
metabolized rapidly in vivo, resulting in the reduction of its
expansion effect, tissue perfusion, and the initiation of tissue
hypoxia. ScvO, is an important indicator of the patient’s
oxygen delivery, consumption, and cardiac output[41], which

are closely connected to tissue hypoxia.
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Influences of different plasma expanders on physiological
parameters

The SBP was significantly lower in the Dex40 group than in
the other groups at 60 min. The reason for this might be that as
the observation period was extended, the Dex40 was rapidly
metabolized and excreted in vivo[28]. The concentration
of Dex40 in the blood was further decreased because of the
hemodilution and metabolism, which reduced the expansion
effect of Dex40 and led to a decrease in the blood volume.
Thus, the SBP was lower in the Dex40 group than in the other
groups and did not return to the baseline level. In addition,
the DBP and MAP of the HES200 group were maintained at
higher levels compared with the other plasma expanders at
some time points.

The SBP, DBP and MAP of anesthetized rats at baseline
in this study were approximately 140 mmHg, 94 mmHg and
113 mmHg, respectively. These values are similar to rodent data
from the study by Wang et al.[31] At H1, nearly 20 min after
the beginning of hemodilution, the SBP, DBP and MAP of rats
in the Dex40 group decreased to approximately 65 mmHg,
39 mmHg and 47 mmHg, respectively, while those of rats in
other groups were approximately 136 mmHg, 79 mmHg and
100 mmHg, respectively. At H2, the SBP, DBP and MAP of
rats in the Dex40 group returned to approximately 106 mmHg,
59 mmHg and 77 mmHg, respectively, without significant
differences compared with rats in the Gel and HES40 groups.
At the same time, rats administered Dex40 didn’t show
dyspnea or other symptoms of anaphylactoid reactions[42];
thus, further ANH was continued.

Studies have found that dextran induced hypotension in
rats[43, 44]. In a rodent study by Perez-Trepichio et al.[45],
intraperitoneal administration of Dex40 before hemodilution
and slow infusion of Dex40 during hemodilution avoided
peripheral edema and early hypotension. In clinic, dextran-
induced anaphylactoid reactions (DIAR) include mild
anaphylactoid antibody-independent reactions, and severe
anaphylactic reactions[46], with incidences of 1:718 and
1:821, respectively[42]. It seems that in this study, rats
administered Dex40 showed mild anaphylactoid antibody-
independent reactions, which were approximately of the
clinical severity of I or I1[42].

Since blood gas measurements are invasive and hard
to get in real time, correlation regression analysis between
physiological parameters and blood gas parameters was
conducted to determine whether physiological parameters can
represent changes in blood gas parameters. Regression analysis
was conducted on the data of the SBP, DBP, PP, MAP, BE,
ScvO, and Lac at BL, H3 and 60min, as well as the difference
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value (A) between 60 min and BL, in which SBP, DBP, PP
and MAP were independent variables, with BE, ScvO, and
Lac as dependent variables. Among them, compared with
the baseline, changes of the MAP and changes of the BE had
coefficients of determination (R’) of 0.36 and that of MAP and
Lac was 0.39, which were the highest two values. Additional
studies are needed to find noninvasive measurement methods
and build more precise mathematical models since the
correlations between physiological parameters and blood gas
parameters in the present study are weak.

Study limitation

The rats in the present study are different from human subjects,
so further studies are needed to extend the observation
time and clarify the effects of dextran on a normovolemic

hemodilution rodent model.

Conclusions

In the present study, the viscosity, Rh and COP of plasma
expanders were determined. Gel had a low intrinsic viscosity
but may increase the whole-blood viscosity at low shear rates.
For hydroxyethyl starch plasma expanders, the COP at a
certain concentration decreases with the increase of the R,.
Namely, the R, and COP showed strong correlation among
hydroxyethyl starch plasma expanders. The Hct was reduced
to 40% of the baseline level, indicating that the rodent model
of severe ANH was built. This change was accompanied by
disturbances in the acid-base balance, lactate and blood gas.
Dex40 showed a worse outcome in maintaining the acid-
base balance and systemic oxygenation than the other plasma
expanders. During the process of ANH, Dex40 displayed a
V-shaped recovery graph for blood pressure, and the potential
mechanism needs further investigation. HES200 had the
advantage in sustaining the DBP and MAP at H2 during the
ANH. During a 1 h-observation after ANH, Gel, HES200,
HES130, HES40 maintained the MAP above 55 mmHg,.
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