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Our previous study found a novel fluid combination with better resuscitation effects under hypotensive condi-
tion at the early stage of uncontrolled hemorrhagic shock (UHS). However, the optimal recovery concentration
of hypertonic saline in this fluid combination remains unknown. This experiment aimed to explore the optimal
concentration.

New Zealand white rabbits (n=40) were randomly divided into 5 groups, including a sham-operated group
(S0), a shock non-treated group (SNT), a normal saline group (NS), and hypertonic saline groups (4.5% and
7.5%). We established an UHS model and administered various fluid combinations (dose-related sodium chlo-
ride solution+crystal-colloidal solution) to the groups followed by monitoring indexes of hemodynamic and re-
nal function, measuring infusion volume and blood loss, and analyzing pathological morphology by hematox-
ylin and eosin staining.

The hypertonic saline groups showed more stable hemodynamic indexes, reduced blood loss, fewer required
infusions, and milder decreases in renal function than those of control groups (SNT and NS groups), and exhib-
ited fewer pathological changes in the heart, lung, kidney, and liver. All indexes in the 4.5% and 7.5% groups
were better than those of the NS group, and the hemodynamic indexes in the 7.5% group were more stable
than those of the 4.5% group (P<0.05), with reduced blood loss and infusion volume and a milder decrease in
renal function.

The novel fluid combination with 7.5% hypertonic saline group had a better recovery effect at the early stage
of UHS before hemostasis compared to that of the 4.5% hypertonic saline group. This result may provide guid-
ance for clinical fluid resuscitation.

Hemodynamics ¢ Pathologic Processes ¢ Resuscitation ¢ Saline Solution, Hypertonic ¢
Shock, Hemorrhagic
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Background

As we all known, major trauma is an important contributing
factor of death worldwide. Hemorrhage is the most common
preventable cause of death after trauma, accounting for up
to 30-40% of trauma-related deaths [1]. Hemorrhagic shock
is a common complication of trauma and is the main cause of
death of the wounded [2]. This is especially true on the battle-
field, where the most severe and complex injuries and various
types of trauma occur due to a complexity of damaging fac-
tors. Uncontrolled hemorrhagic shock (UHS) is a primary type
of hemorrhagic shock on the battlefield, and considered high
risk of death for soldiers in the battlefield [2]; the wounded
face a variety of problems including insufficient fluid resusci-
tation and undetermined fluid concentrations. Fluid resusci-
tation is one of the effective treatments for UHS.

An early fluid resuscitation program reported use of “suffi-
cient” aggressive resuscitation to guarantee normal circulation
blood volume [3]. However, recent studies have shown that ag-
gressive resuscitation before surgical hemostasis can lead to
severe hemodilution and coagulation dysfunction, negative-
ly affecting oxygen delivery and aggravating bleeding [4-7].
Therefore, aggressive resuscitation protocols are not appropri-
ate for the recovery of UHS [8]. Restrictive hypotensive fluid re-
suscitation aims to provide necessary doses of fluid to ensure
the basic blood supply to vital organs, maintaining mean arte-
rial pressure (MAP) in a lower range. Mihara et al. showed that
limiting fluid resuscitation is a relatively safe way to keeping
MAP at low levels [9]. Controlling MAP at 50-60 mmHg dur-
ing UHS effectively reduces blood loss and prolongs survival
time [10,11]. Studies have confirmed that the effect of hypo-
tensive resuscitation combined with hypertonic saline is more
ideal, based on maintaining organ perfusion pressure but not
pursuing “normal blood pressure” [12]. Based on current re-
search results, our research team conducted a large number
of preliminary studies and reached these conclusions: hypo-
tensive resuscitation with the novel combination of fluids via
7.5% hypertonic saline solution (HSS) and lactate Ringer’s solu-
tion (LRS)+6% hydroxyethyl starch 130/0.4 solution (HES) (ratio
of 2: 1) has a more effective treatment at the early stage of
UHS before hemostasis [13]. However, whether or not a 7.5%
of hypertonic saline solution has the best resuscitation effect
in this novel combination remains to be discussed.

Recent studies showed that 3—-7.5% sodium chloride solution
was safe and effective in resuscitation [14]. Hypertonic sa-
line restores blood volume, enhances myocardial contractility,
reduces peripheral resistance, and promotes anti-inflamma-
tion, thus protecting the function of important organs (heart,
brain, lung, and kidney), and exerts favorable anti-shock ef-
fects [15-17]. Based on our previous experiments, the main
purpose of this study was to explore which concentration had
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the best effect at the early stage of UHS before hemostasis.
Therefore, we designed 2 concentrations of hypertonic saline
(4.5% and 7.5%) with the novel combination in the safe con-
centration range, and set the normal saline group (0.9% so-
dium chloride solution) with the same combination as one of
the control groups.

Material and Methods

Resuscitation fluids

Five fluids were used: 0.9% sodium chloride solution (Center
of the Air Force Medical University), 4.5% hypertonic saline
solution and 7.5% hypertonic saline solution (self-generated
based on 0.9% sodium chloride solution), crystal-colloidal so-
lution: lactated Ringer’s solution (LRS, Huaren Pharmaceutical
Co., Ltd.), and hydroxyethyl starch 130/0.4 sodium chloride so-
lution (HES, Beijing Fresenius Kabi Pharmaceutical Co., Ltd.).

Ethics statement

This study was conducted in strict accordance with the stan-
dards of the Guide for the Care and Use of Laboratory Animals
by the National Institutes of Health (NIH Publications No. 8023,
revised 1978). The animal experiment protocol was audited by
the Animal Care and Use Committee of the Air Force Military
Medical University. The experimenters endeavored to mini-
mize pain in the animals; the experiment was performed un-
der anesthesia and the treatment of animals followed princi-
ples of humanistic care.

Animals management

Forty New Zealand white rabbits (2.0-3.0 kg) were purchased
from Laboratory Animal Centre of the Air Force Medical
University (Permission Number: SYXK-military 2012-0023),
and there were no significant differences in gender, weight,
and age among the 40 rabbits (P>0.05). Rabbits were housed
in environments with ambient temperature of 22-26°C and
relative humidity approximately 55%, for 7 days to acclimate
to the environment. They were then fasted but were allowed
water ad libitum for 12 hours before the experiment.

Surgical procedures

First, a UHS model was established using 4 steps: anesthesia,
fixation, intubation, and hemorrhage. On the day of the exper-
iment, the rabbits were anaesthetized with 3% sodium pen-
tobarbital 30 mg/kg through ear vein intravenous injection,
and anesthesia was maintained by additional doses as neces-
sary. The rabbits were kept supine and spontaneously breath-
ing during the experiments. After the pain reflex disappeared,
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the rabbits were fixed on the operating table. After routine
tincture disinfection and skin preparation, skin tissue was cut
along the median position of the neck, and the connective tis-
sue around the trachea was separated and the trachea was
freed for approximately 5 cm with a separator. In the position
of the thyroid cartilage of the trachea, the “T” incision was
cut, and we inserted the “Y” tracheal intubation in the direc-
tion of chest cavity, ligated it and fixed it. Based on the previ-
ous experiments of our research group, we applied the meth-
od of hypotensive resuscitation in this study. The UHS model
was established by transecting the rabbit’s spleen, and femo-
ral artery blood draw maintained the arterial pressure at a low-
pressure level (40-45 mmHg). In the lateral resection of the
spleen parenchyma, the blood of the spleen was free to flow
into the abdominal cavity (avoiding damage to the branch of
the aorta around the spleen during surgery). Ten minutes af-
ter the transection operation, blood was drawn from the fem-
oral artery to lower MAP to 40-45 mmHg. After reaching the
low-pressure level, MAP was maintained for 15 minutes by
returning the blood and continuing to draw additional blood
(Figure 1). The blood was placed into a sterile heparinized sy-
ringe and stored at room temperature for returning.

Experimental protocol
Experimental phases

This experiment was divided into 3 phases. Phase 1 was the
acute shock stage (0-30 minutes). The main task of this stage
was to establish UHS model. Phase 2 was the initial recovery
stage (30-60 minutes), and the resuscitation fluid combina-
tion we used was a novel combination of fluids that was val-
idated in the early experience, 4 mL/kg dose of 0.9% sodium
chloride solution, 4.5% hypertonic saline or 7.5% hypertonic
saline infused with LRS+HES (ratio of 2: 1). Then, the infusion
speed was controlled to maintain MAP between 50-55 mmHg.
Phase 3 was the resuscitation-maintenance stage (60-90 min-
utes), and fluid resuscitation was maintained using the afore-
mentioned recovery plan.

Grouping operation

Forty rabbits were randomly divided into 1 of the following 5
experimental groups (n=8 per group). The first group, the sham
operated (SO) group, underwent a sham operation in which the
rabbits were subjected to all the surgical procedures experi-
enced by the hemorrhaged animals but were not hemorrhaged
or transfused. The second group, the shock non-treated (SNT)
group, underwent the operation of acute shock stage (hem-
orrhage with no fluid resuscitation) to maintain the rabbits in
the state of active hemorrhage. The next 3 groups were the
normal saline (NS) group (0.9% sodium chloride solution with
LRS+HES [ratio of 2: 1]), the 4.5% group (4.5% hypertonic saline
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Figure 1. Protocol of establishing UHS model. Rabbits were
subjected to UHS by bleeding via the femoral artery,
followed by drawing additional amounts of blood to
maintain MAP of 40-45 mmHg for 15 minutes. At T30,
the blood was allowed to flow free. Animals were
treated with the dose-related saline at 10 minutes.
Then, rabbits were treated with LRS+HES (ratio of
2: 1) to maintain MAP of 50-55 mmHg (hypotensive
resuscitation). UHS — uncontrolled hemorrhagic shock;
MAO — mean arterial pressure; LRS — lactate Ringer’s
solution; HES — 6% hydroxyethyl starch 130/0.4
solution.

solution with LRS + HES [ratio of 2: 1]), and the 7.5% group
(7.5% hypertonic saline solution with LRS+HES [ratio of 2: 1]).

Left ventricular systolic pressure (LVSP), maximal rate of the
increase of left ventricular pressure, and maximal rate of the
change of left ventricular pressure (+dp/dt__), central venous
pressure (CVP) and heart rate (HR) were captured dynamical-
ly at TO, T30, T60, and T90 from a biological function experi-
mental data acquisition system. Femoral artery blood samples
of approximately 2 mL were drawn at 4 time points, and after
centrifugation at 3000 rpm, the supernatants were labelled
and placed in centrifuge tubes at —20°C to be used for mea-
suring blood urea nitrogen (BUN) and serum creatinine (SCR)
at the end of the experiment. Total blood loss and total fluid
infusion were calculated for each group through the summa-
tion of the next 2 phases. To observe the degree of damage
of the pathological sections, the rabbits were sacrificed, and
hearts, lungs, kidneys, and livers were removed.

Systemic parameters measurements and blood analysis/renal
function analysis

Hemodynamic indexes were captured directly and monitored
continuously from the BL-420F biological function experimen-
tal data acquisition system (Chengdu Taimeng Technology Co.,
Ltd.). BUN and SCR were measured by centrifuging blood via
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Table 1. Comparison of basic status between the various groups.

Groups N Age (months)

SO group 8 5.35+£0.64
SNTgowp g 5506071
Nsgowp s 5485068
Cashgowp s 5421067
7s%gowp g 553056
e 0438
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Baseline-weight (kg) MAP (mmHg)

2.28+0.65 95.26+0.64
""""""""""" 2468012 96011053
""""""""""" 2431026 95791064
""""""""""" 2341072 95831045
""""""""""" 2391024 95371051
""""""""""""" 0924 ooz

No significant differences in age (months), baseline-weight, or MAP were found between the groups. MAP — mean arterial pressure;
SO — sham-operated; SNT — shock non-treated group; NS — normal saline group; 4.5% — 4.5% hypertonic saline solution; 7.5% — 7.5%

hypertonic saline solution.

high-speed centrifuge (Germany Eppendorf AG) and Scr spectro-
photometry (Shanghai Huguang Medical Technology Co., Ltd.).

Pathological section

Rabbits were sacrificed with overdoses of sodium pentobarbi-
tal after the relevant experimental data were collected at the
end of the experiment. The hearts, lungs, kidneys, and livers
of rabbits in each group were removed for samples, and were
fixed with 10% buffered formalin; tissue sections were pre-
pared (dehydration, transparency, wax immersion, embedding,
slicing, patching, baking, dewaxing, hydration) and stained with
hematoxylin and eosin (H&E) for microscopic examination.

Statistical analysis

Results, including hemodynamic indexes, renal function index-
es, and histopathologic injury scores, were expressed as the
means + standard deviation (SD) unless otherwise noted, and
analyzed by 2-way analysis of variance with repeated measures.
If a variable changed significantly between different points in
time, multiple comparison tests (least significant difference,
LSD-t) were used. Analysis was performed with a statistical
software package for notebook computers (SPSS17.0). P<0.05
(2-sided) was considered statistically significant.

Results

Mean age, baseline-weight, and initial MAP of each group were
not significantly altered according to one-way ANOVA (Table 1).

Hemodynamic indexes
At TO, there were no significant differences in any param-

eter between the groups. After bloodletting, parameters of
the SNT group were significantly lower in terms of LVSP,

from 133.86+14.30 to 90.98+9.64 mmHg (Figure 2A), and in
terms of CVP from 3.38+0.62 t01.45+0.08 cm H,0 (Figure 2B),
reaching the lowest level at T15. Within the next 15 minutes,
the LVSP and CVP levels of the SNT group recovered slightly
(Figure 2). Similar changes in LVSP and CVP were observed in
the NS group, the 4.5% group, and the 7.5% group (Figure 2).
At T30, the LVSP and CVP of the SO group were significantly
different from those of the other 4 groups (P<0.05, Figure 2).
And LVSP and CVP showed no significant differences among
the NS group, the 4.5% group, and the 7.5% group (Figure 2).
From T30-T90, in the SNT group, the level of LVSP decreased
from 91.3249.41 to 68.45+10.91 mmHg (Figure 2A), and the
level of CVP decreased from 1.4610.09 to 1.01£0.13 cm H,0
(Figure 2B). From T30-T60, the LVSP of the NS group increased
slowly from 93.42+7.43 to 93.59+7.28 mmHg (Figure 2A),
and the CVP increased from 1.53+0.32 to 1.72+0.34 cm H,0
(Figure 2B). However, the LVSP and CVP of the 4.5% group
had a rapid increase from T30-T45 first and then markedly
dropped at T45-T90 (Figure 2). The 7.5% group showed simi-
lar changes to those of the 4.5% group. At T60 and T90, LVSP
and CVP in the SNT group were significantly lower than those
of the other groups (P<0.001; Figure 2). By further comparison,
the LVSP of the NS group was significantly lower than that in
the 4.5% group and the 7.5% group (P<0.05; Figure 2A), and
that of the 7.5% group was significantly higher than that of
the 4.5% group (P<0.05; Figure 2A). The differences of CVP
among the NS group, the 4.5% group, and the 7.5% group
were not significant.

During the acute shock stage (T0-T30), parameters of the
SNT group showed a significant decrease in +dp/dt__ from
6711.30+1392.78 to 2225.00+1113.16 mmHg/s (Figure 3A), and
in-dp/dt__ from 5047.50+1227.86 to 2168.80+1268.77 mmHg/s
(Figure 3B), reaching the lowest level at T15. Then, in the next
15 minutes, the +dp/dt__ of levels of SNT group recovered
slightly (Figure 3). A similar change in +dp/dt__ was observed

in the 4.5%, group and the 7.5% group (Figure 3A), and the
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Figure 2. (A, B) LVSP, CVP at TO, T15, T30, T45, T60 and T90. # P<0.05: at T15 and T30, LVSP, CVP in group SO were significantly higher
than those in the SNT group, the NS group, the 4.5% group, and the 7.5% group. © P<0.05: at T45, LVSP, CVP in the 7.5%
group were significantly higher than those in the SNT group and the NS group. At T45, # P<0.05: LVSP in the 7.5% group was
significantly higher than in the 4.5% group. Abbreviations: SO, sham-operated, SNT, shock non-treated group; NS, normal
saline group; 4.5% — 4.5% hypertonic saline solution; 7.5% — 7.5% hypertonic saline solution; n=8 for all groups.
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Figure 3.

(A, B) +dp/dt

‘max

at TO, T15, T30, T45, T60 and T90. * P<0.05: at T15, T30, +dp/dt

in the SO group was significantly higher

max

than in the SNT group, the NS group, the 4.5% group, and the 7.5% group. © P<0.05: at T45, +dp/dt,_ in the 7.5% group was
significantly higher than in the SNT group and the NS group. # P<0.05: +dp/dt__ in the 7.5% group was significantly higher
than in 4.5% group. SO — sham-operated; SNT — shock non-treated group; NS — normal saline group; 4.5% — 4.5% hypertonic
saline solution; 7.5% — 7.5% hypertonic saline solution; n=8 for all groups.

change in —dp/dt__ was similar to that of the NS, group,
the 4.5% group, and 7.5% group (Figure 3B). After entering
the initial recovery stage, the +dp/dt__ of the SNT group de-
creased continuously without fluid resuscitation (Figure 3).
The parameters of the NS group in +dp/dt__ showed a mild
increase. However, +dp/dt__ of the 4.5% group was observed
to change from rise to fall, reaching the peak at T45 and the
same change was seen in the 7.5% group. At T60 and T90,
+dp/dt__ in the SNT group was significantly lower than those
in the other groups (P<0.05; Figure 3). Then, the +dp/dt__ of
NS group was significantly lower than those in the 4.5% group
and the 7.5% group (P<0.05; Figure 3) and that of the 7.5%
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group was significantly higher than that of the 4.5% group
(P<0.05; Figure 3).

The heart rate changes in all groups due to surgery and blood-
letting were relatively consistent, and the heart rate values
were all higher at TO-T30 (Figure 4); however, the differences
were not significant. After entering the initial recovery stage,
the heart rate in the SO group, the SNT group, and NS group
were generally stable. The level of heart rate in the 4.5%
group declined from 225.75+22.81 to 204.63+29.45 beats/min
(Figure 4) and the 7.5% group showed a similar fall. Compared
with baseline, the difference in heart rate between the 4.5%
group and the 7.5% group was significant (P<0.05; Figure 4);
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Figure 4. HR at TO, T15, T30, T45, T60 and T90. * P<0.05: at
T90, HR in group 7.5% were significantly higher than
those in the NS group and the 4.5% group. SO — sham-
operated; SNT — shock non-treated group; NS — normal
saline group; 4.5% — 4.5% hypertonic saline solution;
7.5% — 7.5% hypertonic saline solution; n=8 for all
groups.

however, there was no statistically significant difference be-
tween the groups at T90.

Changes in the function of the kidney (BUN and SCR)

At TO, there were no significant differences in BUN and SCR
among rabbits in each group. During the acute shock stage,
the BUN and SCR in all groups except the SO group had signif-
icant rises during the acute shock (TO-T30) (Figure 5). At T30,
the BUN and SCR showed no significant difference between

ANIMAL STUDY

the groups except for the SO group. During T30-T90, the in-
dex of the NS group in the BUN had a rapid rise at T30-T60,
then decreased at T60-T90 (Figure 5A), and SCR increased from
104.46+15.88 to 120.52+10.35 umol/L (Figure 5B). The index-
es of the 4.5% group showed a significant fall in BUN from
6.55+1.04 to 6.13+1.06 mmol/L (Figure 5A), and in SCR from
103.50+9.78 to 107.00+17.82 pmol/L (Figure 5B).The BUN and
SCR of the 7.5% group declined faster than those of the 4.5%
group (Figure 5). At T60 and T90, BUN and SCR in the SNT
group were significantly higher than those in the other groups
(P<0.05; Figure 5). Moreover, the BUN and SCR of the NS group
were significantly higher than those of the 4.5% group and
the 7.5% group (P<0.05; Figure 5). The BUN and SCR showed
no significant differences between the 4.5% group and the
7.5% group (Figure 5).

The changes of pathological section at heart, lung, kidney
and liver

The organs’ histopathology changes are shown in Figure 6.
The pathological scores of the various tissues are shown in
Figure 7. Among them, cardiac tissue severity score [18,19]:
only showed a rare degenerative lesion or inflammatory cell in-
filtration score of 0. There were multiple moderate cell degen-
eration lesions scored 1; and increased inflammatory cell infil-
tration and moderate fibroblast infiltration score 2. The score
of severe degeneration and inflammatory infiltration but no
necrosis was 3; acute degeneration, necrosis, severe inflam-
matory cell infiltration, mineralization and extensive fibrous
tissue were scored 4. The scoring criteria for lung tissue [20]:
0, none; 1, mild injury; 2, moderate injury; 3, severe injury with
pulmonary edema; 4, interstitial inflammatory cell infiltration
and hemorrhage. The severity of renal tubular damage was

A B
9 » 140-
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— 87 ¢ I 130 Resuscitation ,l
= o % = 120 X
£ -@-50 group ° |
£ -w-SNT group E o
3, -#&-NS group 2 1004
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g E 80
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s & 704

3 60-
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Time (min) Time (min)

Figure 5. (A, B) BUN and SCR at TO, T30, T60 and T90. * P<0.05: at T30, BUN and SCR in the SO group were significantly lower than
those in the SNT group, the NS group, the 4.5% group, and the 7.5% group. ® P<0.05: at T60, BUN and SCR in the 7.5% group
were significantly lower than in the NS group. # P<0.05: at T90, BUN and SCR in 7.5% group were significantly lower than
those in the NS group. SO — sham-operated, SNT, shock non-treated group; NS, normal saline group; 4.5% — 4.5% hypertonic
saline solution; 7.5% — 7.5% hypertonic saline solution; n=8 for all groups.
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S0 SNT

NS

4.5%
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Figure 6. The changes of pathological section at heart, lung and kidney of UHS rabbits. (A) photomicrographs of heart;
(B) photomicrographs of lung; (C) photomicrographs of kidney; (D) photomicrographs of liver. SO — sham-operated;
SNT - shock non-treated group; NS — normal saline group; 4.5% — 4.5% hypertonic saline solution; 7.5% — 7.5% hypertonic

saline solution; n=8 for all groups.

assessed by assessing the extent of epithelial or luminal ne-
crosis in the cortex and outer medulla, the percentage of tu-
bular dilatation and hemorrhage: 0, none; 1, <5%; 2, 5% to
25%; 3, 25% t0 75%; 4, >75% [21]. Degree of liver tissue dam-
age: 0 points, normal liver structure; 1 point, epithelial damage
or less than 25% of liver damage; 2 points, liver area damage
25-49%; 3 points, liver area damage 50-74% 4 points, >75%
of liver damage [22].

Heart

In the SO group, cardiac muscle fibers were aligned, and there
were no obvious histopathologic alterations observed in sec-
tions. In the SNT group, myocardial fibers were arranged
loosely (the arrow mark) and there were breaks in the fibers,
with some scattered infiltrated inflammatory cells. In the NS
group, cardiac muscle fibers were arranged relatively regularly,
with scattered inflammatory cells. In the 4.5% group and the
7.5% group, myocardial fibers were arranged neatly and had a
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basic continuity, with sporadic inflammatory cells (Figure 6A).
Compared with the NS group, the injury scores of heart were
lower in 7.5% group (® P<0.05; Figure 7A). Moreover, 7.5% hy-
pertonic saline decreased the injury scores of heart compared
with 4.5% hypertonic saline after UHS (¥ P<0.05; Figure 7A).

Lung

In the SO group, alveolar structure was normal. However, in the
SNT group, the integrity of the alveolar structure was compro-
mised, the pulmonary vascular was showed edema, conges-
tion, and alveolar wall thickening. Alveolar capillaries showed
histopathologic alterations with visible red cells and alveolar
atrophy (the arrow mark). In the NS group, lung tissue struc-
ture was basically integrated. Alveolar walls were slightly thick-
ened with some inflammatory cells, and pulmonary arterio-
venous and alveolar capillary walls were normal. In the 4.5%
group and the 7.5% group, similar histopathologic alterations
to those of the NS group were observed, but the pathologic
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Figure 7. The histopathologic injury score in the (A) heart, (B) lung, (C) kidney, and (D) liver after uncontrolled hemorrhagic shock
(UHS). * P<0.05 for the NS group compared with the 4.5% group. @ P<0.05 for the NS group compared with the 7.5% group.

# P<0.05 for 4.5% group compared with the 7.5% group.

changes were milder than those of the NS group (Figure 6B).
Which was consistent with the histopathologic injury scores of
heart. Compared with the NS group, the injury scores of lung
were lower in the 7.5% group (® P<0.05; Figure 7B), and the
scores of 7.5% group were lower compared with 4.5% group
(* P<0.05; Figure 7B).

Kidney

Under high-power microscope, the pathological sections of re-
nal tissues in the SO group were normal, with normal glomer-
ular structure. In the SNT group, kidney tissue showed mild
edema. The structure of the glomeruli was mildly broken, with
swollen renal tubular epithelial cells, narrow lumens and slight
congestion in renal blood vessels (the arrow mark). The patho-
logical sections of the NS group, the 4.5% group, and the 7.5%
group changed slightly; however, they were not more substan-
tial than those of the SNT group. The glomerular structures of
those groups were basically normal, with sporadic inflammato-
ry cells and occasional congestion in renal vessels (Figure 6C).
Compared with the NS group, the injury scores of kidney were
lower in the 4.5% group and the 7.5% group (+ P<0.05, ® P<0.05;
Figure 7C), and the scores of the 7.5% group were lower than
the 4.5% group (¥ P<0.05; Figure 7C).

Liver

The SO group was basically no damage as a control group.
In the SNT group, the degree of liver tissue damage was the
heaviest, followed by the NS group. The damage of the hy-
pertonic saline group was lighter than that of the NS group.
Among them, the 7.5% group had lighter damage in the liv-
er tissue than that in the 4.5% group (Figure 6D). The injury
scores of the 7.5% group were significantly lower than that of
the NS group (® P<0.05; Figure 7D), but the scores of the 4.5%
group and the 7.5% group were not statistically significant.

Infused volume, blood loss

The infusion volume of the NS group, the 4.5% group, and the 7.5%
groups decreased successively. These 3 groups were given different
fluid combinations (dose-related saline solutions+HES+LRS). The
NS group (72.1349.46 mL) was significantly higher than the 4.5%
group (57.00+15.49 mL) and the 7.5% group (52.00+17.81 mL)
(P<0.05; Table 2). There was no significant difference between
the 4.5% group and the 7.5% groups. At T30-T90, the blood loss
of the SNT group (3.04+0.16 mL) was significantly less than that
of the NS group, the 4.5% group, and the 7.5% groups (P<0.05;
Table 2). The loss of 7.5% group was the least of these 3 groups;
however, the difference was not statistically significant.
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Table 2. Infused volume and blood loss.
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Infused Volume (mL)

30-60 minutes 60-90 minutes Blood loss
infused volume infused volume infused volume (mL)
SNT group = = = 3.24+0.16
Nsgowp swsoxan 3175:656 7131946 615:056°
Cas%gowp 3a25:65 ns0752 570011549 5128023
rs%goup 03811288 235081020 s200:1781¢ 4891034

#P<0.05, 7.5% group versus the NS group; * P<0.05, other groups versus the SNT group. SNT — shock with untreated; NS — normal
saline; 4.5% — 4.5% hypertonic saline solution; 7.5% — 7.5% hypertonic saline solution. n=8 for all groups.

Discussion

Bleeding model could be built by damaging a single large ves-
sel. Although blood loss through the large vessel is good for
controlling speed, it cannot create a state of UHS and does not
meet the requirements of UHS model. In addition, the study of
Zink et al. showed that the change in hemodynamics result-
ed in chaos of the coagulation mechanism, and bleeding in a
single blood vessel were limited [23]. UHS can be simulated
by damaging substantial organs, usually established by injur-
ing the parenchymal tissue (including impairment of the liver
or spleen) [24]. Bleeding can present an uncontrolled state by
destroying the parenchymal organs, however, there are some
difficulties to quantify the rate of bleeding and the degree of
damage [25]. In the previous phase of the experiment, our
team identified an effective novel combination of fluids (brine
and LRS+HES [ratio of 2: 1]) and demonstrated that maintain-
ing hypotensive resuscitation is more conducive to first aid
recovery than maintaining normal blood pressure. The meth-
od of establishing the model was to cross the spleen, which
was ideal, and the amount of bleeding could be assessed by
weighing the bloodsucker. Similarly, in this study, we estab-
lished a UHS model by transecting the rabbit’s spleen. After
the UHS model was established, we returned blood through
the femoral artery to maintain blood pressure at a lower level.
This method provided good controllability, and our team has
a wealth of operational experience and a more accurate as-
sessment method.

Hemodynamic index is used to assess the heart function. LVSP
and +dp/dt__ are affected by cardiopulmonary load and car-
diac contractility, the level of which can reflect the tension of
the ventricular wall and the diastolic function of left ventricular
cardiomyocytes [26]. The results of the present study showed
that the hemodynamic indexes were comparatively sensitive
to dose-related hypertonic saline and could appropriately re-
flect the effects of recovery. Compared with the NS group, the
7.5% group and the 4.5% group were closer to the SO group

at each stage; and overall, the 7.5% group was closer to the
SO group than the 4.5% group. It can be seen that the appli-
cation of the liquid combination in the 7.5% group can make
the individual more normal to the hemodynamic index. The
possible explanation may be that hypertonic saline increased
the concentration of Na* in myocardial cells, promoted the ex-
change of Na* and Ca?*, and significantly enhanced myocardi-
al contractility. CVP reflects effective circulation blood volume
(ECBV) and right heart function, and it is an essential basis for
adjusting rehydration fluids and infusion speed. When acute
bleeding occurs, the level of catecholamine secretion in the
body will increase, accelerating the HR to increase blood vol-
ume of the heart pump and tissue perfusion. However, we
found that changes in HR levels in rabbits with UHS were not
substantial, possibly because the regulation mechanism of
shock in rabbit is different from that of humans. Therefore,
the selection of indexes needs to be further synchronized ac-
cording to species differences.

We also found that hypertonic saline improved renal function
under hypotensive conditions, restoring urine volume and re-
ducing BUN and SCR levels. Moreover, the renal function in-
dex of the 7.5% group was closer to the SO group than the
4.5% group. This finding further supports the conclusion of
Sondeen et al. that hypertonic saline for the recovery of hem-
orrhagic shock not only restores mean arterial pressure and
cardiac output but also better maintains renal function [27].
Nevertheless, the underlying mechanisms remain unclear.
According to the theory of ischemia-reperfusion injury, more
severe cell damage occurs when the ischemia organs restore
blood perfusion. The reason is that excessive oxygen produc-
es superoxide anion free radicals during reperfusion, possibly
aggravating renal dysfunction [28]. Interestingly, hypertonic
saline, which has protective effects on ischemia reperfusion,
as well as antioxidant and anti-apoptotic effects [29,30], pro-
tect kidneys from injury. Furthermore, Kreimier et al. showed
that hypertonic saline solution effectively improved renal mi-
crocirculation [31] and protected shock kidney by infusion of
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small doses [32]. This study basically supports this theory.
And the hypertonic saline combination was significantly bet-
ter than the normal saline, and the 7.5% fluid combination
was superior to the 4.5% group. But the difference between
the 7.5% group and the 4.5% groups was not as obvious as
the hypothesis, and this may have been related to the number
of subjects and the close concentration in the experimental
scheme, which was consistent with the problems in the study
of Wu et al. [33]. Notably, BUN and SCR are 2 delayed biomark-
ers that take time to be regulated by the kidneys. The lower
level of BUN and SCR also means that the plasma is diluted
by the crystalloid infused to the rabbits. Hypertonic solutions
absorb more fluid from extravascular compartment to the in-
travascular side and changes in BUN and SCR may more re-
flect the volume of intravascular compartment rather than
renal function. Therefore, we also combined with other indica-
tors such as hemodynamics to judge the resuscitation effect.

We infused the resuscitation solution at a low-pressure lev-
el without a large amount of perfusion. In the amount of in-
fusion, the combination of hypertonic saline was significant-
ly better than NS group, and the infusion volume required by
7.5% was less than 4.5%. In terms of blood loss, we found that
with the increase of saline concentration, the blood loss grad-
ually reduced, which proves the advantages of a combination
of hypertonic saline. Interestingly, the SNT group that was not
infused had the least amount of blood loss, so we explored
the reason for this performance. As the study of Li found that
with the increase in infusion volume, it may increase the to-
tal blood volume in the circulation and increase the speed and
quantity of bleeding [34], and the reason for this performance
in this study may also be the same. The results of the H&E
staining of the heart, lung, kidney and liver are more helpful
in demonstrating the advantages of combined hypertonic sa-
line recovery. The degree of tissue destruction in the 7.5% and
4.5% groups was significantly lower than in the normal saline
group. However, since this study focused on the tissue chang-
es of rabbits in the early stage of UHS, and the degree of tis-
sue destruction in the rabbits of each group was not serious,
the difference in tissue section staining between the 7.5% and
4.5% groups was not significantly different.
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