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Abstract
Introduction: This study was constructed to compare the effects of resuscitation with
gelatine and hydroxyethyl starch (HES) on coagulopathy, haemodynamics, and tissue

] ) - Received: 01.11.2021, accepted: 24.08.2022
damage during an uncontrolled haemorrhagic shock model in rats.

Material and methods: Twenty 6-month-old Sprague-Dawley rats were included in
the study and divided into 4 groups. There was no haemorrhage in the sham group.
The others were randomised into haemorrhage without volume replacement (control
group), haemorrhage and gelatine (group G), and haemorrhage and HES (group V).
Blood samples for thromboelastogram and annexin 5 values were obtained before
bleeding and after resuscitation.

Results: In the control group, R (16.18 + 2.74) and K (5.8 £ 1.1) were significantly high-
er than in all other groups (P = 0.001), and the TEG alpha angle was 39.54 + 5.94°,
which was found to be significantly lower than in the sham group (P = 0.001). In group
V, the TEG MA value was found to be significantly lower at 30.54 + 8.89 (P = 0.001).
The annexin A5 value was significantly higher in the control group, group V, and
group G than in the sham group and was highest in the control group (P =0.001). Lung
damage score measurement was 0.60 + 0.19 in the control group, higher than in the
gelatine and HES groups (P = 0.001).

Conclusions: Lung tissue damage and coagulation were positively affected by HES
or gelatine resuscitation. A reduction in clot formation in the HES group might be ob-
served due to the possible negative effect on platelets. Therefore, we concluded that
the use of gelatine might be advantageous until blood transfusion is initiated in trau-
matic haemorrhagic shock.
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The cause of traumatic haemorrhagic shock,
resulting from acute haemorrhage with soft tissue
injury and the immune response, is a critical de-
crease in circulating plasma volume [1]. The effects
of shock are reversible in the early stages, but they
can lead to multiple organ failure and death if not
treated early [2].

Inflammation and apoptosis are the 2 main
factors in the progression of haemorrhagic shock.
There is a positive correlation between the sever-
ity of the inflammatory condition and mortality [3].
It is known that histopathological changes develop
in the lung as a result of infiltration by inflamma-
tory cells [4]. It has been stated that there is still
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debate about how optimal fluid therapy should be
performed and which fluid type might be advanta-
geous in patients with lung injuries requiring tho-
racic surgery [5]. Trauma-related coagulopathy is
a condition in which complex haemostatic and im-
munoinflammatory responses cause abnormal clot
formation and activation of anticoagulant pathways
rather than procoagulants [6]. Bedside viscoelas-
tic coagulation tests provide information on clot
dynamics and quality [7]. Thromboelastography
(TEG), used for this purpose, evaluates all thrombin-
mediated processes.

Haemodynamic compensatory mechanisms
maintain vital organ perfusion in case of volume loss
of up to approximately 30% of total blood volume
[8]. Mild to moderate blood loss can be managed
with crystalloid alone or colloid infusions. How-
ever, there is a gap in the knowledge about how
the blood transfusion should be done, and how and
which type of crystalloid and colloid fluids should
be used until the blood and blood products are pro-
vided are still controversial. A study by Hilbert-Carius
etal. [9] reported that synthetic colloid resuscitation
does not have any beneficial effects and might be
harmful in patients with severe trauma. Moreover,
the use of hydroxyethyl starch (HES) has been as-
sociated with a decrease in the levels of circulating
factor VIl and von Willebrand factor, deterioration in
platelet function, and prolongation of thromboplas-
tin and activated partial thromboplastin time [10].

This experimental study aimed to monitor with
systematic and quantitative methods the haemo-
static and haemodynamic effects of acute trau-
matic coagulopathy due to resuscitation with dif-
ferent colloid fluids to reveal the endothelial tissue
damage with histopathological data in the model
of haemorrhagic shock induced in rats. Our hypoth-
esis in this study was that colloid fluids could play
an active role in the replacement of intravascular
volume, optimise haemodynamics, and contribute
to the improvement of endotheliopathy in the lung
tissue, but increase coagulation disorders.

FIGURE 1. Fixation with piezoelectric conductor and ECG electrodes
required for monitoring

MATERIAL AND METHODS
Animals and experimental protocol

Following the Institutional Animal Experimen-
tation Ethics Committee approval (protocol num-
ber: 2019-06/03), a haemorrhagic shock model was
formed with injury in 20 male 6-month-old Sprague-
Dawley rats, with 5 rats in each group. At least 5 days
prior to the experiment, 2 to 5 male rats per cage
were allowed to have free access to food and water,
followed by a 12-hour light-dark cycle at 24°C + 1°C
and 55% + 5% humidity. Animals fasted 12 hours
before the surgery. They were anaesthetized by in-
traperitoneal injection of a combination of ketamine
hydrochloride (90 mg kg™') + xylazine hydrochloride
(10 mg kg™). Thermal blankets were used to prevent
heat loss in the animals. The animals that did not un-
dergo haemorrhage were used as the sham group
(group S). The others were randomised into 3 groups
to have haemorrhage and intravenous 0.9% NaCl as
areplacement fluid (group C: control group), haemor-
rhage and gelatine (Gelofusine®, B. Braun Melsungen
AG, Melsungen, Germany) infusion as a replacement
fluid (group G), and haemorrhage and HES (HES,
B. Braun Medical, Melsungen, Germany) infusion
as a replacement fluid (Group V). Gelatine required
0.04 g polygeline in 500 mL, HES was 130/0.4 in
500 mL, and a 6% concentration was used.

Monitorisation

Blood pressure, respiratory rate, and heart rate
were monitored using an electrophysiological data
acquisition system (PowerLab 16/35, AD Instru-
ments, Castle Hill, Australia). Mean blood pressure
was measured at the carotid artery with a 24G
catheter using a reusable BP transducer (MLT0380/D,
AD Instruments, Castle Hill, Australia). The carotid
artery was also used to collect blood samples and
to create a haemorrhage. The tail vein was cannu-
lated for intravenous fluid infusion. Respiratory rate
and heart rate were measured non-invasively and
recorded (Figure 1). The respiration rate was calcu-
lated using PowerlLab-connected pulse transducers
(TN1012/ST, AD Instruments, Castle Hill, Australia).
Heart rate was measured using PowerLab-connect-
ed biological amplifiers (Bio Amp FE231, AD Instru-
ments, Castle Hill, Australia).

Haemorrhagic shock protocol

Following the preparation and anaesthesia pe-
riod (T0), the target blood volume loss for haem-
orrhage was determined as 40%. A double-lumen
catheter was used for the experiment. While blood
was drawn from one lumen with a syringe, a sterile
sodium citrate solution of 4% in 250 mL was admin-
istered through the other lumen following 1 : 9 di-
lution. The procedure was interrupted if the mean
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arterial pressure fell below 40 mmHg. Later, haemor-
rhage was continued when a pressure of 45 mmHg
was maintained for more than 15 seconds. The to-
tal blood of a rat with an average weight of 250 g
is 16 mL. Studies have shown that removing more
than 15% of blood volume can cause hypovolaemic
shock [11]. Haemorrhage was achieved in 3 stages:
in the first stage, a loss of 25% was ensured with
haemorrhage at a rate of 0.5 mL min~". In the sec-
ond stage, 10% blood loss was achieved at a rate of
0.2 mL min™". In the third and final stage, 5% blood
loss was achieved at a rate of 0.1 mL min~". In the
first stage, a blood sample was taken (T1). Resuscita-
tion fluid was administered to the rats for 60 minutes
as an IV infusion, and the last blood sample was col-
lected at the end of 60 minutes (T2) [12, 13]. After
that, the vascular catheters were withdrawn, the inci-
sions were closed, the rats were sacrificed, and tissue
samples were taken (Figure 2). Euthanasia was per-
formed by decapitation and cervical dislocation [14].

The rats were randomised, and the colloid fluids
were infused intravenously. The volume of HES in-
fused was equal to the lost blood volume, and the
volume of gelatine infused was 1.5 times higher
than the lost blood volume. Resuscitation fluids
were heated up to 37°C prior to infusion and infused
within 60 minutes.

Viscoelastic test measurement

A TEG (Model 5000, Hemoscope Corporation,
Niles, IL) device was used for analysis. The TEG was
used to measure the time from the onset of coagu-
lation to thrombus formation (R value min"), the
time from clot formation to an amplitude of 20 mm
(K value min), the rate of clot reaching its maxi-
mum power (ANGEL/alpha angle/a), maximum
amplitude or firmness of the clot (MA mm™), and
clot stability-lysis (LY30/%). The blood samples were
collected in tubes that contained 3.8% sodium
citrate. The sitting time between collection and test
initiation was determined up to 2 hours. Kaolin was
used as an activator. Standardisation began with
the collection of samples. The ability to reproduce
a test was revealed using standardised preanalytical
procedures in thromboelastogram [15]. TEG values
were studied in the T2 time frame, i.e. when bleed-
ing and then resuscitation was completed.

Annexin A5 measurement

Rayto RT-6000 ELISA microplate reader and
microplate washer Rayto devices were used for an-
nexin A5 measurements made with ELISA. Blood
samples were collected before bleeding and after
resuscitation for annexin A5 values. To obtain serum,
5-mL blood samples were taken in a tube contain-
ing vacutainer serum separator gel, and the tubes

Preparation Bleeding Resuscitation
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FIGURE 2. The time frame of the experimental protocol

were kept at room temperature and centrifuged at
100 g for 10 minutes within the first hour of blood
collection. After separation, the serums were fro-
zen at -20°C, and annexin A5 measurements were
performed with ELISA kits (BIOSOURCE, Shangai,
China). The microtiter plate was incubated, and
then the plates were thoroughly washed to remove
all unbound components. Substrate solutions were
then added to each of them. HRP and substrate
were allowed to react for a short incubation pe-
riod. Only sections containing ANXV and enzyme-
conjugated antibodies showed a change in colour.
The enzyme-substrate reaction was terminated
by adding a sulfuric acid solution, and the colour
change was measured spectrophotometrically at
450 nm. The result was measured by absorbance
(A,sone) in @ microplate reader. An annexin A5 stan-
dard (0-10 ng mL™") curve was plotted, and the
data were calculated in units of ng/mL annexin A5.
The calibration graph is shown in Figure 3.

Histopathological examination

Lung tissues were taken for histopathological
examination, and then the tissues were fixed with
a 10% neutral buffered formalin solution. Lung tis-
sue samples were processed using the Thermo Ex-
celsior ES tissue processor and embedded in paraf-
fin. Serial sections of 4-5-um-thick paraffin blocks
were obtained with Thermo microtome. Sections
were stained with haematoxylin and eosin (H&E)
for histopathological examinations. The sections
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FIGURE 3. The calibration graph
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TABLE 1. Scoring system used in lung injury assessment

A. Neutrophils in the alveolar space

B. Neutrophils in the interstitial space

C. Hyaline membranes

D. Proteinaceous debris filling the airspaces

E. Alveolar septal thickening

F. Haemorrhage

1 p 3
1-5 >5 -
1-5 >5 -

1 >1 -

1 >1 -

2x —4x >4’ -
25-50% 50-75% 75-100%

TABLE 2. TEG analysis

aupS=5 | Gowcn=3 | Gowvo=5 | Gowei=5 | Prue |

R (min) 3.061.66 16.18+2.74*** 2.76x2.21 6.6+4.6 0.0014
K (min) 1.96+0.59 5.8£1.1%* 1.54+0.43 2.96+1.46 0.001*
ANGEL (°) 67.98+8.22 39.54£5.94**% 50.5+5.31 44.62+4.87 0.001
MA (mm) 54.44+5.85 54.04+3.05 30.54+8.89***:050 44 56.44+12.67 0.001*
LY30 (%) 00 0+0 0.34+0.45 0.04+0.09 0.057

R — initiation of coagulation, thrombus formation, K — kinetic time, clot formation time, ANGEL — alpha angle (ct), MA — maximum amplitude, LY30 — clot lysis

"Kruskal-Wallis H test: values are given as mean = standard deviation (median + Iqr)
"One-Way ANOVA: values are given as mean = standard deviation

Significance of R, K, and ANGEL values of the haemorrhage group compared to the control group: ***P < 0.001

Significance of MA value of the Voluven group compared to the control group: ***P < 0.001

Significance of the MA value of the Voluven group compared to the haemorrhage group: 333 < 0.001

Significance of MA value of the Voluven group compared to the gelatine group: #P < 0.001

were photographed with a Leica DM2000 light mi-
croscope and with the camera of an Apple iPhone X
mobile phone. The sections were evaluated for neu-
trophils in the alveolar space and interstitial space,
hyaline membrane, proteinaceous debris in the air
spaces, alveolar septal thickness, and haemorrhage
(Table 1) [16].

The lung damage score was calculated with the
following formula:

Lung injury score =[(20 x A) + (14 x B) + (7 x C) +
(7 x D) + (2 x E))/(number of examined areas x 100),

where A is neutrophils in the alveolar space,
Bis neutrophils in the interstitial space, Cis hyaline
membranes, D is proteinaceous debris filling the air-
spaces, and E is alveolar septal thickening.

Statistical analysis

IBM SPSS Statistics 22 was used for statistical
analysis. We used the mean, standard deviation,
median, minimum, maximum, frequency, and ratio
values for descriptive statistics. The Kolmogorov-
Smirnov test was used to measure the distribution
of the variables. The one-way ANOVA test was used
for normally distributed numerical data, and the
Kruskal-Wallis H test was used for non-normally dis-
tributed numerical data. Pearson’s correlation analy-
sis was used to determine the relationship between
quantitative variables. The results were evaluated
with a 95% confidence interval and with a signifi-
cance level of P < 0.05. Values are represented as
mean + standard error.

RESULTS
TEG analysis

The R and K values were statistically signifi-
cantly higher in group C than in the other groups.
The ANGEL angle value in group S was statistically
significantly higher than that of group C (P < 0.05).
The MA value in group V was statistically significant-
ly lower compared to the other groups (P = 0.001)
(Table 2, Figure 4).

Respiratory rate analysis

Respiratory rate values at the zeroth minute of
haemorrhage were statistically significantly higher
in group G than the values in group S (P < 0.05).
At the 15™ minute of infusion, the respiratory rate
was found to be significantly higher in group G
compared to the control group (P < 0.05).

Heart rate analysis

The heart rate values at the 15% and 30" minutes
of the infusion were statistically significantly lower
in group C thanin group S (P < 0.05).

Blood pressure analysis

Blood pressure values at the 60™ minute of
haemorrhage were found to be significantly lower
in group C compared to group S (**P < 0.01). At
the 60" minute of haemorrhage, the blood pres-
sure value of group G was found to be significantly
higher than that of group C (*P < 0.01). Blood pres-
sure values at the 0, 10*, 15t, 30, and 60" min-
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***Significance of MA value of the Voluven group compared to the control group: P < 0.001. **Significance of the MA value of the Voluven group compared to the haemorrhage group: P < 0.001.

¥ Significance of MA value of the Voluven group compared to the gelatine group: £ < 0.001

FIGURE 4. TEG analysis

utes of infusion were statistically significantly lower
in group Cthanin group S (**P <0.01). On the other
hand, blood pressure values at the 0*, 10, 15, 30,
and 60™ minutes of infusion were statistically signifi-
cantly higher in group G and V compared to group
C(*P<0.01,99P<0.01) (Table 3).

Annexin A5 analysis

Compared to group S, annexin A5 values were
statistically significantly higher in groups C, V,
and G (**P < 0.01). Moreover, annexin A5 value
was the highest in group C (*P < 0.01, #P < 0.01)
(Table 4, Figure 5).

Analysis of lung injury scores

The lung damage scores in the C, V, and G
groups were statistically significantly higher than
the lung damage scores in group S (¥**P < 0.01). Also,
the lung damage score in group C was statistically
significantly higher than the lung injury scores of
group V and group G (“P<0.01, #P <0.01) (Table 5,
Figure 6).

Correlation analysis

A positive correlation was observed between
haemorrhage scores, lung injury scores, and TEG R
and K (P < 0.05) (Table 6). There was a positive cor-
relation between lung injury score and TEG Rand K,
and annexin A5 apoptosis assay (P < 0.05). A nega-
tive correlation was observed between ANGEL
angle, blood pressure at the 0™ and 60" minutes of
haemorrhage, and blood pressure values at the 0™,
10t, 15t 30, and 60" minutes of infusion (P < 0.05).

DISCUSSION

It was indicated in our study, in which a haemor-
rhagic shock model was generated, that a 6% HES
solution used as resuscitation fluid affected TEG co-
agulation parameters more than gelatine fluid did.
We determined that resuscitation with gelatine fluid
had a more positive effect on coagulation. It was
also demonstrated that resuscitation with both col-
loid fluids had a positive effect on haemodynamics.

In a study comparing different resuscitation
fluids and including 100 trauma patients, there was
a significant prolongation of prothrombin time
(PT) and International Normalized Ratio (INR) levels
compared to baseline values in the groups receiving
HES and gelatine [17]. In this study, the significant
increase in R value observed in the haemorrhage
group compared to the control group indicates
a delay in the onset of enzymatic clot formation.
However, there was no significant difference be-
tween the R values of the control, HES, and gela-
tine groups. This indicates that HES and gelatine
have similar effects on haemodilution and coagu-
lation factors in traumatic haemorrhagic shock.
The effects of HES and gelatine on TEG parameters
were investigated in patients who had major ortho-
paedic surgery but did not develop haemorrhagic
shock [18]. In that study, no difference was found in
the R, K, and alpha angle values in the HES group,
but a decrease was noted in the MA values. It was
also reported in the same study that although there
was a significant increase in R time in the group giv-
en gelatine, the K time, a angle, and MA values did
not change significantly in that group. In our study,
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TABLE 3. Blood pressure analysis

_ Group S (n=15) Group C(n=15) GroupV (n = 5) Group G (n=5) m

Blood pressure (mmHg)
Basal 0™ min 88.55+3.54 87.51+2.27 97.18 + 6.47 89.17 +3.98 0.7414
Basal 60" min 92.70 +6.70 91.21+10.18 94.86 + 8.14 98.37 +5.86 0.930*
Haemorrhage 0" min 90.47 +7.43 58.62 +9.02 79.33+10.83 80.88 + 8.06 0.1074
Haemorrhage 60" min 100.61+ 14.78 43.98 + 8.75** 58.74 £12.15 67.18 + 4.52% 0.009
Infusion 0™ min 107.44 +20.95 37.46 £ 11.05** 64.94+9.70 84.11+10.29% 0.0104
Infusion 10 min 103.97 +21.09 31.31+£9.59%* 67.13+7.80 84.78 £ 12.94" 0.007*
Infusion 15 min 102.96 +19.86 28.03 +9.00%* 69.10 + 8.35% 79.42 +11.39% 0.003*
Infusion 30 min 84.81+£11.42 27.13 + 8.88** 67.45 + 6.55% 80.27 £12.17% 0.003*
Infusion 60™ min 83.56 +10.90 27.54 £10.37** 70.21 £5.36% 71.22 + 8.08% 0.003*
Respiratory rate
Basal 0™ min 39.4+6.37 60.27 +11.49 69.10 +9.85 64.80 +4.77 0.144*
Basal 60" min 43.12+9.07 65.23+12.74 84.88 +13.77 62.84 + 6.64 0.1334
Haemorrhage 0" min 4416 +10.75 70.77 + 8.83 76.95 +7.30 78.80 + 5.49% 0.043*
Haemorrhage 60" min 47.60 + 11.02 69.53 +16.77 78.00+9.15 70.56 +8.18 0.4234
Infusion 0™ min 42.76 + 11.09 71.90 +16.77 76.15 +14.41 93.88 +13.87 0.144*
Infusion 10% min 49.76 + 15.45 76.13 +18.12 75.30+15.67 101.92+7.91 0.166"
Infusion 15" min 54.60 + 16.53 82.23+9.35 81.85+15.94 107.00 + 6.20% 0.049*
Infusion 30" min 58.88 +19.40 85.03 +12.00 73.95 +15.26 107.32+7.33 0.140*
Infusion 60% min 61.6 +22.41 79.15+16.25 53.45+7.68 105.80 + 6.40 0.112*
Heart rate
Basal 0" min 257.28 £ 24.55 329.24 £41.01 245.65 £36.73 236.84 +28.42 0.214
Basal 60" min 265.68 +39.79 337.72£44.79 252.75+34.17 222.92 +34.09 0.227*
Haemorrhage 0" min 265.12 +41.20 259.28 £42.79 271.50 +34.17 249.80 + 48.07 0.989*
Haemorrhage 60" min 266.96 + 41.03 192.20 + 39.49 150.70 + 17.26 166.00 + 17.82 0.096*
Infusion 0™ min 263.04 +43.16 189.64 + 45.90 165.69 + 7.49 172.76 +£15.23 0.209*
Infusion 10" min 262.04 +44.38 158.84 +47.19 173.99 + 13.68 187.92+19.30 0.219*
Infusion 15" min 268.56 + 43.87 122.88 +27.22% 174.98 +12.83 193.24 +18.16 0.021%
Infusion 30" min 269.96 + 43.33 113.48 + 24.49* 186.81+ 18.26 202.60 + 25.38 0.017%
Infusion 60™ min 267.64 +42.52 134.47 +38.40 174.04 + 15.63 211.12 £ 42.67 0.167*
Significance of haemorrhage, HES, and gelatine groups compared to the control group: **P < 0.01
The significance of the haemorrhage group compared to the HES group: 8P < 0.01
Significance of the haemorrhage group compared to the gelatine group: P < 0.01
TABLE 4. Annexin A5 analysis
Annexin A5 (ng mL™) 1.16£1.61 ‘ 18.36+4.17** ‘ 12.3242.93%*388 8.75+2.92%*# 0.001*

Significance of the haemorrhage, HES, and gelatine groups compared to the control group: **P < 0.01
The significance of the haemorrhage group compared to the HES group: 3P < 0.01
Significance of the haemorrhage group compared to the gelatine group: #P < 0.01
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the alpha angle was decreased in all groups, but
this decrease was significant in the haemorrhage
group. On the other hand, a study comparing TEG
values of pregnant women who received HES and
gelatine loading prior to caesarean section reported
that the alpha angle lowered significantly with HES,
but gelatine did not affect this value [19]. This result

indicates that trauma and accompanying haemor-
rhagic shock may have different effects on coagu-
lation parameters assessed by TEG. In the present
study, there was a significant decrease in the MA
of the group receiving HES, resulting in a decrease
in clot amplitude and a delay in coagulation. Simi-
larly, several studies have reported the same results.
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A study in which blood samples collected from
22 healthy dogs after HES infusion were subjected
to TEG analysis reported a decrease in both MA lev-
els and alpha angle [20]. However, it was empha-
sised that this decrease did not have a significant
impact on haemodilution. In an in vitro experi-
mental study that included 6 healthy dogs, MA was
significantly extended with HES [21]. On the other
hand, the effects of HES were compared with those
of 0.9% NaCl on 21 dogs, and it was emphasised
that the HES solution had significant negative ef-
fects on clotting time and clot strength [22]. It was
reported in a systematic review of HES, in which
data from 17 in vitro and 7 in vivo studies were
analysed, that HES adversely affected clot formation
due to hypocoagulative effects [23]. Because HES
molecules diminish platelet reactivity by blocking
the access of ligands to surface receptors through
the conformational change of GP Ilb-llla, negative
effects may have been detected in the MA value,
which represents the clot strength and especially
optimised by platelets [24]. Additionally, a decrease
in von Willebrand factor (VWF) and factor VIl occurs
[25]. A dilutional coagulopathy is present, leading to
acquired fibrinogen dysfunction or deficiency [26].

The lung damage score was found to be signifi-
cantly higher in all study groups when compared
to the control group. Furthermore, a positive cor-
relation was observed between lung injury score
and TEG R and K, and annexin A5. It was demon-
strated that the lung injury score in the groups
treated with the infusion of both HES and gelatine
was significantly lower than the group that had
haemorrhage and did not receive colloids. It was
found in a study that patients treated with HES in-
fusion had better perioperative and postoperative
pulmonary functions compared to gelatine-treated
patients [27]. Better gas exchange, higher respira-
tory compliance, and lower lung injury scores
were reported in HES-treated patients compared
to those treated with gelatine infusion. However,
although lung damage was revealed in our study,
no significant difference was found between the
2 colloids, which may be due to the limited sample
size. In a porcine haemorrhagic shock model, HES,
gelatine, and balanced electrolyte solution were
compared [28]. This study revealed that the col-
loids, similarly to our study, stabilised the macro-

TABLE 5. Lung injury score analysis

Group S (n=5) Group C(n=5) m Group G (n=5)
Lung injury score

0.60 & 0.19** 354

0.04+0.03

Annexin A5

*% 85 #H#

*% *k
] + +
0 +
T T
S C ) G
**Significance of haemorrhage, HES, and gelatine groups compared to the control group:

P <0.01. %5Significance of the haemorrhage group compared to the HES group: £ < 0.01.
#Significance of the haemorrhage group compared to the gelatine group: < 0.01

FIGURE 5. Annexin A5 analysis

circulation; however, the coagulation system was
significantly affected.

In our study, the blood pressure values of rats
subjected to haemorrhagic shock fell significantly
following the haemorrhage. A concurrent decrease
in heart rate in the haemorrhage group indicates
cardiovascular depression. This indicates that the
haemorrhagic shock model was applied appropri-
ately, and it also reveals the treatment response
significantly. The elevation in blood pressure of the
groups treated with colloids reveals the positive ef-
fect of the treatment, but the fall in blood pressure
compared to the control group is still remarkable.
Effects on renal histology [29], viscoelastic coagu-
lation [30], lung and renal injury [31], pulmonary
histology [32], or apoptosis and tissue oxidative
stress [33] have been investigated in the literature
by creating different traumatic haemorrhagic shock
models. However, a limited number of studies have
investigated the effects of different colloids on
microcirculation and the viscoelastic components
of blood together. Therefore, we believe that this
study will be useful and contribute to the literature
regarding the issue of providing microcirculation
preservation with resuscitation in the early period,
which is still controversial.

Circulating annexin V is an anticoagulant pro-
tein. In our study, we detected a significant decrease
in annexin A5 levels in rats that received either HES
or gelatine solution. However, this decrease was
found to be significantly higher in the gelatine
group when compared to the HES group. It has
been shown that the negative contribution of gela-
tine to annexin A5 is less than that of HES. Addition-

0.14+0.03** 0.19 £ 0.04**

"Kruskal-Wallis H test: values are given as mean + standard deviation (median-+Iqr)

Significance of haemorrhage, HES, and gelatine groups compared to the control group: **P < 0.01

Significance of the haemorrhage group compared to the HES group: %P < 0.01
Significance of the haemorrhage group compared to the gelatine group: P < 0.01

0.007*™
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FIGURE 6. The histopathological changes in lung tissue samples of groups. Neutrophils in the interstitial space (orange arrow). Hyaline membrane (blue
arrow). Proteinous debris (black arrow). Alveolar septal thickening (green arrow). Haemorrhage (red arrow)

TABLE 6. Correlation analysis

Correlation
Haemorrhage Pearson correlation 0.634 0.502 —-0.391 0.057 —-0.320
Sig. (2-tailed) 0.003 0.024 0.088 0.812 0.169
_-
injury score
: Jury ally, it has long been known that the molecules in
R Pearson correlation 0.858 HES fluids bind to the adhesion receptors of plate-
Sig. (2-tailed) 0.000 lets and cause negative effects on coagulation in the
K Pearson correlation 0.806 first step of haemostasis. Although some studies did
Sig. (2-tailed) 0.000 not identify any difference between the effects of
ANGEL Pearson correlation 0621 gelatine and HE? ﬂglds on |nﬂam.mat|on, there are
- - resources mentioning the negative effects of HES
Sig. (2-tailed) 0.003 . . .
fluids on organ dysfunction and endothelium [34].
MA Pearson correlation 0.183 Different effects of colloid fluids should be taken
Sig. (2-tailed) 0.440 into consideration in the selection of resuscitation
Y30 Pearson correlation —0.171 fluids in the case of a large volume deficit. However,
Sig. (2-tailed) 0.471 further clinical studies in which microcirculation can
. . be monitored should be conducted to further de-
Annexin A5 Pearson correlation 0.789 R . L .
- - fine the importance of different resuscitation fluids
Sig. (2-tailed) 0.000 for haemostasis, apoptosis, and lung tissue.
Blood pressure — basal 0™ min Pearson correlation —0.064
Sig. (2-tailed) 0.799 LIMITATIONS
Blood pressure — basal 60" min Pearson correlation 0.079 The lack of a whole blood replacement group
Sig. (2-tailed) 0.756 is a substantial limitation. Another limitation is that
- - the devices that were planned to be used for mi-
Blood pressure — haemorrhage 0™ min Pearson correlation —0.612 . . . .
. _ crocirculation measurements during the project de-
Sig. (2-tailed) 0.007 signing phase of the study could not be accessed
Blood pressure — haemorrhage 60" min | Pearson correlation -0.501 because of the travel restrictions implemented due
Sig. (2-tailed) 0.034 to the COVID-19 pandemic.
Blood pressure — infusion 0" min Pearson correlation -0.672
P CONCLUSIONS
Sig. (2-tailed) 0.002 . . .
PN b i Lung tissue damage occurs in haemorrhagic
Blood pressure — infusion 10" min earson correlation —0.706 shock. Simultaneously, there is a delay in the onset
Sig. (2-tailed) 0.001 of coagulation, thrombus formation, and stable fi-
Blood pressure — infusion 15® min Pearson correlation -0.756 brin formation, resulting in a decrease in the rate of
Sig. (2-tailed) 0.000 reaching maximum clot strength in the treatment
Blood pressure — infusion 30" min Pearson correlation —-0.821 groups. All these pathological events are positively
- - impacted by fluid resuscitation with HES or gela-
Sig. (2-tailed) 0.000 . . .
. tine. Due to the possible negative effect of HES on
PR .
Blood pressure — infusion 60™ min Pearson correlation —0.858 platelets, there was a decrease in the amplitude of
Sig. (2-tailed) 0.000 the clot formed in this group. For this reason, it has

R — initiation of coagulation, thrombus formation, K — kinetic time, clot formation time, AN
MA — maximum amplitude, LY30 — clot lysis
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GEL — alpha angle (at),

been concluded that using gelatine may be advan-
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tageous in the process until blood transfusion is
initiated in trauma.
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