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Abstract

Background: Extracorporeal Circulation (ECC) related pulmonary function injury plays an important
role in the poor postoperative prognosis or even death in patients undergoing cardiac surgery.
Objective: To investigate whether perioperative administration of platelets can preserve pulmonary
function or enhance the inflammatory response and vascular injury.
Methods: Rats were divided into four groups, PreH group, MH group, PostH group and MP group.
Neutrophil elastase and Tumor Necrosis Factor-α (TNF-α) in rat plasma were detected by ELISA.
Oxygenation index and lung water content were measured. Circulating endothelial cells were calculated
by flow cytometry and lung tissue pathology was observed. Platelets in the level of systemic
inflammatory response, levels of vascular endothelial injury, pulmonary edema and pulmonary function
were evaluated.
Results: The level of TNF-α and neutrophil elastase in plasmas were significantly lower in the group that
platelets administrated during extracorporeal circulation than that of other groups.
Conclusions: Platelets administrated during the extracorporeal circulation could achieve effect on lung
protection and reduce the inflammatory response in plasma. Transfusion of platelets with normal
function after rapid consumption might be able to reduce extracorporeal circulation related
complications, providing a therapeutic strategy for organ protection during extracorporeal circulation.
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Introduction
Extracorporeal Circulation (ECC) related pulmonary function
injury plays an important role in the poor postoperative
prognosis or even death in patients undergoing cardiac surgery
[1]. Due to non-physiological contact between blood
components and the surface of ECC pipe, hemodynamic
changes and low temperature, ECC can lead to the activation
of complement system [2], resulting in the activation of
inflammatory cells such as neutrophils and monocytes [3], and
release of inflammatory factors [4]. These would eventually
lead to systemic inflammatory response [5], vascular
endothelial cell injury, increased vascular endothelial
permeability, and the infiltration of fluid in blood vessels to the
pulmonary tissue, resulting in pulmonary edema, reduced
compliance and impairment of pulmonary function [6], which
manifest as an acute lung injury or even an acute respiratory
distress syndrome. Circulating endothelial progenitor cells and
adjacent mature endothelial cells were involved in endothelial
repair upon endothelial injury [7]. However, it takes a long
time to repair endothelial tissues, and it is difficult to complete
this within a short period of time [8,9].

Platelets may be the main component involved in endothelial
repair [10]. Upon VEC damage, the membrane glycoprotein
GPIb-V-IX expressed on the platelet surface binds to the von
Willebrand factors (vWFs) in the endothelium and
subendothelial layer, causing the rolling and activation of
platelets on the blood vessel wall [11]. Activated platelets also
express β1 integrin and β3 integrin (aIIbβ3, GPIIb/IIIa). The
former binds to expose subcutaneous collagen (α2β1),
fibronectin (α5β1) and laminin (α6β1), while the latter binds to
fibronectin and vWF. These cause platelets to closely bond to
VEC and subcutaneous tissues [12], thereby completing the
emergency repair of the damaged vascular wall. Uthoff et al.
[13] found that the infusion of platelet membrane glycoprotein
IIb/IIIa (PGIIb/IIIa) antagonists before ECC could reduce
platelet depletion during ECC and postoperative blood
transfusion. However, it could not improve tissue edema or
pulmonary function. In 1999, Madan et al. found that although
the use of PGIIb/IIIa antibodies during ECC increased the
count of circulating platelets, it also increased postoperative
bleeding [14]. Therefore, we can speculate that ECC caused
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endothelial injury, and platelets may be the main component of
its early repair.

However, platelet count may be significantly reduced during
ECC due to the platelet’s surface contact with foreign bodies,
activation, adhesion and the use of heparin in ECC [15],
especially in the early stage of ECC [16]. Therefore, fresh
platelets supplemented in the peri-ECC period could increase
normal functional platelet count and further reduce lung injury.
This study aimed to investigate the effects of the infusion of
platelets on rat systemic inflammatory response, and examine
pulmonary function through the peri-ECC infusion of platelets.

Materials and Methods

Experimental animals and reagents
A total of 72 male Sprague Dawley (SD) rats (7-8 w of age),
weighting 250-300 g, were provided by the Sichuan Provincial
Animal Experimental Center. ELISA reagent TNF-α antibody
was purchased from Thermo, USA. NE antibody was
purchased from USCNLIFE, China. Flow cytometry antibody.
CD146 antibody, Phycoerythrin (PE)-conjugated mouse
monoclonal anti-rat MCAM/CD146, and CD146 antibody
isotype control were purchased from R&D Systems, USA.
VEGFR2 (KDR) antibody was purchased from Novusbio,
USA. VEGFR2 antibody isotype control was purchased from
GeneTex, USA. FITC-conjugated KDR secondary antibody
was purchased from Thermo, USA.

Separation and collection of platelets
The whole blood collected was immediately used to prepare
concentrated platelet plasma after collection according to a
reference [16]. The specific steps were as follows: Gradient
centrifugation was performed for eight minutes (including 461
g for four minutes and 2,650 g for four minutes). The upper
plasma was removed together with the buffy coat, a small
volume of Red Blood Cells (RBCs) under the buffy coat were
placed into another empty blood-collecting tube, and placed at
room temperature for one hour. Second gradient centrifugation
was performed for six minutes (including 285 g for two
minutes and 461 g for four minutes). The upper plasma was
removed to another blank blood-collecting tube. Finally,
plasma was obtained by centrifugation in the second
separation, 4,560 g for six minutes. The upper plasma removed
from the blank blood-collecting tubes, and the tubes were
frozen at -20°C. The remaining 0.5 ml was the concentrated
platelet plasma.

Concentrated platelets were prepared on the day of the
experiment. Intra-peritoneal injection of 50 mg/kg of
pentobarbital sodium was given for anesthesia. Upon
completion of the anesthesia, rats were fixed on a rate plate and
exposed with infant laryngoscopy for tracheal intubation
(arterial indwelling needle 16 G). Mechanical ventilation was
performed with a small animal ventilator at a respiratory rate of
60 BPM, a tidal volume of 15 ml/kg/min, and an inhaled gas
oxygen concentration of 40%. Then, the left ribs of the rats

were transected to open the chest and expose the heart.
Puncture blood drawing in the right ventricle was performed,
and the drawn blood was gently injected into sodium citrate
anti-coagulated blood-collecting tubes. Platelet donor rats were
sacrificed by overdose anesthesia after blood collection.

Experimental groups
Rats were divided into MP group (administration with 0.5 ml
of plasma during extracorporeal circulation, n=8), PreH group
(administration with 0.5 ml platelet-rich plasma before
extracorporeal circulation, n=8), MH group (administration
with 0.5 ml platelet-rich plasma during extracorporeal
circulation, n=8) and PostH group (administration with 0.5 ml
platelet-rich plasma after extracorporeal circulation, n=8).

Another 24 rats were used as platelet donors.

ECC establishment process
The ECC process performed on rats was according to a
previous study [17]. Intra-peritoneal injection of 50 mg/kg of
pentobarbital sodium was performed for anesthesia. Upon
completion of anesthesia, rats were fixed on a rate plate and
exposed to an infant laryngoscopy fixed to the upper lip for
tracheal intubation (arterial indwelling needle 16 G).
Mechanical ventilation was performed with a small animal
ventilator at a respiratory rate of 60 BPM, a tidal volume of 15
ml/kg/min and an inhaled gas oxygen concentration of 40%.
The neck and left thigh root medial skin of rats were
disinfected for anatomical exposure of the right common
carotid artery and left femoral vein. A 24 G trocar and a tee
were implanted in the left femoral vein. Then, a 24 G trocar
and a tee were implanted in the right common carotid artery
after 10 min of systematic heparinization (3 mg/kg) via the left
femoral vein. The side opening of the tee was connected to a
biological function experimental system to detect arterial blood
pressure. Upon successful incubation, all the tubes were sewn
to the skin and properly fixed.

Supplementation of platelets for each group
In PreH group, 0.5 ml of platelets were slowly injected via the
side opening of the tee, and the ECC tubes pre-filling at the
same time, in order to allow the platelets to mix with the pre-
filled liquid. In MH group, 0.5 ml of platelets was slowly
injected via the tee piston of the femoral vein at 15 min after
ECC started. For PostH group, 0.5 ml of platelets was slowly
injected via the piston at two hours after ECC stopped. In MP
group, 0.5 ml of fresh frozen plasma was injected via the tee
piston of the femoral vein at 15 min after ECC started.

Specimen and data collection
Blood gas analysis: At the beginning of ECC, at the end of
ECC (two hours after ECC started), and two hours after the end
of ECC, arterial blood was collected for blood gas tests
(iSTAT); and the pulmonary function of rats was recorded. In
addition, appropriate adjustments were made to the ventilator
parameters according to arterial carbon dioxide partial

Tao/An/Du/Cheng/Jiang/Hu

500 Biomed Res 2018 Volume 29 Issue 3



pressure. Oxygenation index formula: Oxygenation Index
(OI)=PaO2/FiO2 (inhaled oxygen concentration FiO2=40%).

Blood routine analysis
For rats in each group, at the beginning of ECC, 15 min after
ECC started, 20 min after ECC started, at the end of ECC, and
two hours after the end of ECC, approximately 20 μl of whole
blood was collected from rats in each group for blood tests and
recording, and to determine the platelet count and Hematocrit
(HCT) levels.

Detection of water content in pulmonary tissues
Two hours after ECC started, the ribs of rats in each group
were transected. The right lungs were ligated and the
pulmonary tissue was cut off at the distal end along the ligation
line. The liquid on the surface of the pulmonary tissue was
gently wiped with a cotton swab, and was weighed and
recorded. Then, the pulmonary tissue was placed in a dry oven
at 60°C for 72 h and weighed. Water content in the pulmonary
tissue was calculated with the following formula to evaluate
pulmonary tissue edema: water content in pulmonary
tissue=(wet weight of pulmonary tissue-dry weight of
pulmonary tissue)/wet weight of pulmonary tissue × 100%.

Detection of inflammatory factors (TNF-α and NE)
Blood was drawn from rats of each group, and then gently
injected into EDTA anti-coagulated blood-collecting tubes
prior to ECC (0.5 ml, in order to reduce pre-ECC blood loss),
at the end of ECC (1 ml), and two hours after ECC (1 ml). The
collected blood was immediately centrifuged (4°C, 3,500
RPM, 10 min). The supernatant was dispensed in two EP tubes
and placed in a refrigerator at -70°C for cryopreservation, in
order to determine the plasma levels of inflammatory factors.
The concentration of TNF-α and NE was determined by
ELISA.

Flow cytometry detection of circulating endothelial
cells
For circulating endothelial cells, CD146+ and KDR+ were
used as screening indicators. Double positive cells were
identified as circulating endothelial cells. The operation was
performed according to the instructions of the antibodies.

Pathological examination of pulmonary tissues
Two hours after the end of ECC, the pulmonary tissue of rats in
each group was dissected. The ribs of rats were transected and
the right lungs were ligated. Then, the pulmonary tissue was
cut off at the distal end along the ligation line and stored
immediately in 4% paraformaldehyde to prepare the sections
for hematoxylin and eosin (H and E) staining.

Statistical analysis
Homogeneity test of variance was performed for the data of
each group prior to comparison. Further variance analysis

would be performed for homogeneous data, while variance
change would be of necessity for heterogeneous analysis prior
to further analysis. Analysis was carried out using software:
SPSS 16.0 for windows (SPSS Inc., Chicago, IL, USA). A P
value<0.05 was considered statistically significant.

Results

General situation
There was no significant difference in the body weight of rats
in all groups. Except MH group, there was one rat died in each
of the other groups. The cause of death was operative field
bleeding and insufficient intraoperative anesthesia, resulting in
limb movement and needle falling out. During the experiment,
an additional rat was included in PreH group, MP group and
PostH group to maintain eight rats in each group. Platelet
concentration was 7,853.58 ± 849.65 × 109/L, platelet harvest
rate was 61.2 ± 7.6%, the count of mixed White Blood Cells
(WBCs) was 5.06 ± 0.35 × 108/L, and the count of mixed
RBCs was 11.7 ± 1.6 × 109/L. The platelet harvest rate reached
the criteria of the American Association of Blood Bank
(AABB) standard [18], that is, a platelet harvest rate of 60%.

Platelet count in blood of rats of each group
The platelet count of rats in PreH group was significantly
higher than that in the other groups (P<0.001) (Figure 1A). The
platelet count in MP group began to drop from the beginning
of ECC and in two hours after the end of ECC (P<0.001). The
circulating platelet count of rats in each group significantly
increased after transfusion of platelets. The platelet count in
MH group increased from 811.2 ± 189.1 × 109/L (20 min after
the beginning of ECC) to 547.5 ± 109.6 × 109/L (prior to
supplementation of platelets, 15 min after the beginning of
ECC), and there was no significant difference compared with
that at the beginning of ECC (894.8 ± 61.7 × 109/L, P=0.525).
However, there was a significant difference of the platelet
count in PostH group upon supplementation of platelets after
the end of ECC, compared with that at 15 min after the
beginning of ECC, 20 min after the beginning of ECC, and at
the end of ECC (p<0.01). Rats in MH group supplemented
with platelets at 20 min after the end of ECC also had a
significantly higher count than the other groups (p<0.05).
Furthermore, rats in PostH group had a significantly higher
count than rats in MP group (p<0.001) and PreH group
(P=0.001). This suggests that the transfusion of platelets during
ECC can significantly increase the count of circulating
platelets.

Blood gas of rats in each group
There was no significant difference of oxygenation index
among these groups at the beginning of ECC (Figure 1B).
Compared with the beginning of ECC, the arterial oxygenation
index of rats significantly decreased in two hours after the end
of ECC in all groups (p<0.05). Among these groups, PreH
group had the most obvious decrease. These levels were
significantly lower at two hours after the end of ECC than at
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the beginning of ECC (p<0.001) and at the end of ECC
(p<0.05). In MP group, these levels were also significantly
lower at two hours after the end of ECC than at the beginning
of ECC (p<0.001) and at the end of ECC (p<0.05). The
oxygenation index decrease in MH group was the smallest,
which decreased from 380.5 ± 35.0 mmHg (at the beginning of
ECC) to 326.6 ± 39.9 mmHg (two hours after the end of ECC)
(P=0.015). There was no significant difference between
oxygenation indexes at the end of ECC and at two hours after
the end of ECC in each group.

Water content in pulmonary tissues among rats at 2 h
after the end of ECC
Since the water content of pulmonary tissues could not be
detected before the beginning of ECC, the water content of
pulmonary tissues was detected at two hours after the end of
ECC. MH group had the least water content, which was 79.0 ±
1.4%. PostH group had the highest water content in pulmonary
tissues (80.0 ± 1.8%). There was no significant difference
among these groups (P>0.05) (Figure 1C).

TNF-α levels and NE levels measurement
There was no significant difference in plasma TNF-α level
among these groups at the beginning of ECC (Figure 1D).
Along with the time axis, the levels of TNF-α in the plasma of
rats in each group were significantly higher than those at the
beginning (P<0.01). Rats in MP group had significantly lower
levels at two hours after the end of ECC than that at the end of
ECC (P<0.01). Furthermore, rats in MH group had
significantly lower levels at two hours after the end of ECC
than that at the end of ECC (P<0.01).

At the end of ECC, plasma TNF-α level was the highest in
PreH group, but there was no significant difference compared
with that in MP group (P=0.365) and PostH group (P=0.55).
Plasma TNF-α level was lowest in MH group, which was
significantly lower than that in PreH group (P=0.011). At two
hours after the end of ECC, plasma TNF-α level was the
highest in PreH group, but there was no significant difference
when compared with MP group (P=0.213) and PostH group
(P=0.577). Plasma TNF-α level was the lowest in MH group,
which was significantly lower than that in MP group (P=0.04),
PreH group (P<0.001) and PostH group (P=0.003). It was
indicated that the infusion of large doses of platelets during
ECC can reduce the level of TNF-α in circulation after the end
of ECC. There was no significant difference in plasma NE
level among groups at the beginning of ECC (Figure 1E). With
the time axis, the levels of NE in plasma in each group were
significantly higher than those at the beginning of ECC
(P<0.01). Among these, MP group had significantly higher
levels at two hours after the end of ECC than that at the
beginning of ECC and at the end of ECC (P<0.01).

At the end of ECC, plasma NE level was the lowest in MH
group, which was significantly lower than that in PostH group
(P=0.002). NE level was the lowest in MH group at two hours
after the end of ECC, which was significantly lower than that

in MP group (P=0.009) and PostH group (P=0.039). It was
indicated that the infusion of ECC during ECC can relieve the
activation of neutrophil in circulation.

Circulating endothelial cell counts at the end of ECC
in each group
Considering the excessive blood loss due to multiple checks at
the beginning of ECC, circulating endothelial cell count was
not detected at the beginning of ECC. However, this was
detected at the end of ECC (Figure 1F). There was no
significant difference in circulating endothelial cell count
among these groups.

Pathological comparison of inflammatory tissues of
rats at 2 h after the end of ECC
The HE pathological sections of pulmonary tissues were
compared. Tissues were thinnest and the infiltration of
inflammatory cells was the least in MH group. Pulmonary
tissues were thickest in PreH and PostH groups, which
indicated severer pulmonary edema (Figure 2).

Figure 1. Data measurement. A. Comparison of platelet counts in the
blood of rats in the MP, PreH, MH and PostH groups at different time
points (109/L). For intra-group comparison with the beginning of
ECC, *P<0.05, **P<0.01; for intra-group comparison at 15 min after
the beginning of ECC, at 20 min after the beginning of ECC, and at
the end of ECC, #P<0.01; for comparison among groups at the same
time point, ∆P<0.05; ∆∆P<0.01. B. Blood gas comparison of rats in
MP, PreH, MH, and PostH groups at different time points (mmHg).
For intra-group comparison with the beginning of ECC, *P<0.05;
**P<0.01; for intra-group comparison at the end of ECC, #P<0.05.
C. Comparison of water content in pulmonary tissues among rats in
the MP, PreH, MH and PostH groups at two hours after the end of
ECC (%). D. Comparison of plasma TNF-α levels in rats in the four
groups (pg/ml). For intra-group comparison with the beginning of
ECC, **P<0.01; for intra-group comparison at the end of ECC,
#P<0.05; for comparison among groups at the same time point,
∆P<0.05. E. Comparison of plasma NE levels of rats in the MP,
PreH, MH and PostH groups at different time points (ng/ml). For
intra-group comparison with the beginning of ECC, **P<0.01; for
intra-group comparison at the end of ECC, ##P<0.01; for comparison
among groups at the same time point, ∆P<0.05; ∆∆P<0.01. F.
Comparison of circulating endothelial cell counts at the end of ECC
in each group (cell/ml).
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Figure 2. Pathological comparison of inflammatory tissue of rats in
the MP, PreH, MH and PostH groups at two hours after the end of
ECC (X400).

Discussion
Low temperature [19], non-physiological contact with the tube
surface [20] and heparin [21] in ECC were considered to have
the ability to activate platelets. Activated platelets attach to the
non-physiological surface of ECC tubes, adhered to the
vascular endothelial layer, adhered to the sub-endothelial
matrix via vWFs and released inflammatory factors. Activated
endothelial cells release chemotactic factors such IL-8, causing
the further chemo taxis of neutrophils, and promotes neutrophil
adhesion, infiltration and retention in tissues. Therefore, it is
considered that during ECC, it is necessary to inhibit the
activity of platelets and reduce its activation and adhesion.
Tirofiban [22], abciximab [23], FK633 (short-acting GPIIb/IIIa
receptor inhibitors) [24] and others have been applied during
ECC, which mainly inhibit the main activated receptor GPIIb/
IIIa for adhesion on the surface of platelets, and lower platelet
depletion. However, there are contrary conclusions on
postoperative bleeding by the use of GPIIb/IIIa receptor
inhibitors [13,14,22]. Activated platelets could increase the
expression of β1 integrin and β3 integrin (aIIbβ3, GPIIb/IIIa).
These lead to the close binding of platelets to VEC and
subcutaneous tissues [12], thereby completing the emergency
repair of the damaged vascular wall. Activated platelets, as
well as proteins and lipids released by platelets, can maintain
the integrity of microcirculation [25-29]. The reduction in
circulating platelet count would lead to increased fluid
exudation and tissue edema [30].

ECC can cause systemic inflammatory response and activate
vascular endothelial cells, resulting in the contracture and
deformation of vascular endothelial cells, increased cell gap,
and even the peeling off of vascular endothelial cells, in which
causes a significant increase in capillary permeability [31]. The
exposure of subcutaneous collagen tissues further promotes the
adhesion and infiltration of inflammatory cells such as
neutrophils. The release of inflammatory factors may cause

tissue damage and intensified tissue edema. It has been
reported that capillary leakage due to ECC-related
inflammatory response was the main cause for pulmonary
dysfunction after ECC [32]. However, during ECC, the non-
physiological contact with tubes caused the activation and
adhesion of a large amount of platelets, causing the platelet
count to significantly decrease. It was reported in a literature
that at five minutes after the beginning of ECC, platelet count
can be reduced to less than 20% of the normal count [33]. In
addition, during ECC, platelet aggregation and adhesion
functions were severely impaired, which greatly reduced its
role in repairing the vascular endothelium [34]. These hindered
platelets from being involved in the repair of the vascular
endothelium during ECC, aggravating the severity of ECC-
related organ damage.

According to the above evidence, fresh platelets supplemented
to ECC may strengthen the role of platelets in repairing the
vascular endothelium. Considering that there is no blood
transfusion rejection between allogeneic rats at the first blood
transfusion [35]. In this study, fresh palates were infused to
allogeneic rats at different time points to investigate the effects
of elevated platelet counts at different time points on the level
of inflammatory response in rats, as well as its impact on
pulmonary function. At 15 min after the start of ECC, platelet
count (corrected with HCT) was rapidly reduced to 60.4 ±
2.4% of the level at the beginning of ECC, and over two thirds
of platelets were lost due to the contraction of blood
components with ECC foreign bodies. Platelet count
significantly increased in five minutes after the
supplementation of platelets to the ECC, and there was no
significant difference in platelet count compared with the level
at the beginning of ECC. This indicates that the use of
concentrated platelet preparations in this study could
significantly increase the count of platelets in circulation.
Although the supplementation of fresh platelets to ECC did not
show a significant protection for pulmonary function in two
hours after ECC circulation, it could significantly improve the
level of inflammatory response in circulation. We found that
the levels of TNF-α and NE in the circulation of platelet-
supplemented rats after 15 min of in vitro circulation were
significantly lower than those in the control group and the
other groups with platelets supplemented at different time.
TNF-α is secreted by activated macrophages, monocytes and
neutrophils, which are the earliest and most important
endogenous inflammatory mediators in inflammatory response
[36]. NE is mainly secreted by neutrophils, and is a member of
the serine protease family. In the physiological state, NE
participates in the body defense system to kill pathogens and
protect the body from infections. However, in pathological
conditions, ECC, NE is largely secreted, which can destroy cell
tight junctions and the integrity of the basement membrane,
resulting in increased pulmonary vascular permeability and
pulmonary edema, and further causing inflammatory injury in
pulmonary tissues [37]. Previous research has showed that the
activation level of NE is closely related to pulmonary tissue
injury [38]. This indicates that the supplementation of fresh
platelets to the ECC can significantly reduce the activation of
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inflammatory cells in circulation. The pathological sections of
pulmonary tissues also suggest that the supplementation of
platelets to the ECC can significantly reduce pulmonary
edema, the retention of neutrophils and other inflammatory
cells in pulmonary tissues. A recent study has also suggested
that platelets can protect lung from injury induced by systemic
inflammatory responses. ECC would causes systemic
inflammation and pulmonary dysfunction, and platelet
transfusion resulted in significantly milder lung injury and
higher lung function. Platelet transfusion was associated with
higher production of transforming growth factor-β and as well
as lower levels of tumour necrosis factor-α and neutrophil
elastase in plasma and lung [39].

Our study has also found that the pre-filling of platelets prior to
the start of ECC can significantly increase platelet count, but
does not reduce systemic and pulmonary inflammatory
response, or significantly increase this response, compared
with rats supplemented with platelets during ECC. The
infusion of platelets during ECC plays a certain role in lung
protection. This indicates that platelets supplemented prior to
ECC may cause more platelets in circulation to get in contact
with the ECC tube surface for adhesion and activation. The
more platelets involved in inflammatory response are and the
more platelets would be consumed, which causes less platelets
to be involved in vascular endothelial repair. Therefore, this
manifests as proinflammatory response.

In conclusion, the inflammatory response levels detected at
different time points of platelet transfection in rats suggest that
platelets in ECC not only participate in inflammatory response,
but are also involved in anti-inflammatory response. At
different time points, platelets play a different role in
proinflammatory response and anti-inflammatory response.
Furthermore, if a certain amount of platelets were maintained
for normal adhesion and aggregation during ECC, they would
reduce the incidence of ECC-related complications and
improve the prognosis.
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