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Abstract: Objective: To ivestigate the effect of stored autotransfusion on the electrolytes and postoperative compli-
cations in patients undergoing elective orthopedic surgery. Methods: A total of 76 cases of patients undergoing elec-
tive orthopedic surgery were randomly divided into an observation group (38 cases, taking stored autotransfusion)
and a control group (38 cases, taking allogeneic blood transfusion) according to a random number table method.
The intraoperative-related indexes (intraoperative blood loss, autologous or allogeneic blood transfusion volume,
urine volume, and length of hospital stay), electrolyte levels before and 48 hours after the operation, routine blood
and coagulation function were compared between the two groups, and the postoperative complications related
to blood transfusion were recorded. Results: The length of hospital stay of the observation group was significantly
lower than that of the control group (P<0.05). The concentrations of K* and Na* in the control group 48 h after the
operation were higher than those before the operation and than those in the observation group, while the concen-
tration of Ca?* was lower than that before the operation and that in the observation group (all P<0.05). The levels
of Hb, RBC, and HCT in the control group 48 h after the operation were lower than those before the operation and
those in the observation group (all P<0.05). The levels of WBC in the two groups 48 h after the operation were signif-
icantly higher, but those in the observation group were lower than those in the control group (all P<0.05). There were
no significant changes in Pt, APTT, D-D, and FIB levels between the two groups. There were no significant changes in
Pt, APTT, D-D, and FIB levels 48 hours after the operation compared with those before the operation (P>0.05). The
incidence of postoperative complications caused by blood transfusion in the observation group was lower than that
in the control group (P<0.05). Conclusion: Storage autotransfusion can effectively balance the electrolyte level and
reduce the incidence of complications in patients undergoing elective orthopedic surgery. This is worthy of clinical
application.
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Introduction

In recent years, with frequent traffic accidents
and aerial work accidents, more and more
patients need a blood transfusion. Although a
blood donation policy has been implemented,
the increasing blood demand still can not be
met [1]. There are many ways of clinical blood
transfusion. Storage autotransfusion is a rela-
tively safe, effective, economical and straight-
forward way of blood transfusion, and is widely
used in patients undergoing elective surgery
[2]. Its essence is to use patients’ blood, which
can save the lives of patients and reduce the
burden of an insufficient blood supply [3].

Orthopedic surgery generally takes a long time.
The muscles and the surrounding tissues need
to be stripped during the operation, so the oper-
ation time is prolonged and the amount of intra-
operative blood loss is increased. Most patients
need a blood transfusion during the operation
to maintain stability of vital signs [4]. Storage
autotransfusion was first used in orthopedic
patients undergoing elective surgery. However,
this autotransfusion mode’s effect on electro-
lyte and coagulation function of patients has
not been uniformly reported. Some studies
pointed out that autotransfusion had no notice-
able effect on coagulation function, but Harrison
et al. found the opposite result [5, 6]. Therefore,
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this study mainly discusses the influence of
storage autotransfusion on electrolyte levels
and coagulation function of patients undergo-
ing elective orthopedic surgery and analyzes
the influence of different blood transfusion
modes on postoperative complications.

Materials and methods
General information

A total of 76 patients with elective surgery in
the Department of Orthopedics of our hospital
from December 2018 to January 2020 were
randomly divided into an observation group
(n=38, storage autotransfusion) and the con-
trol group (n=38, allogeneic blood transfusion)
according to the random number table method.
Inclusion criteria: Patients aged 20-55 years
old; patients who met the indications of stored
autotransfusion in the technical specification
for clinical blood transfusion formulated by the
Ministry of the health of the People’s Republic
of China [7]; patients who are hospitalized in
the orthopedics department of our hospital
and scheduled for elective orthopedic surgery;
patients who had a fracture or needed a hip
replacement; patients whose blood routine
test indicated hemoglobin (Hb) >110 g/L on
admission; patients who signed informed con-
sent. Exclusion criteria: Patients with contrain-
dications of stored autotransfusion; patients
with coagulation dysfunction; patients with
obvious acute or chronic bacterial or viral infec-
tion on admission; patients with Hb <110 g/L
on admission; patients with severe heart dis-
ease or pacemakers; patients with other
severe cerebrovascular diseases, such as cere-
bral infarction, cerebral hemorrhage, etc,;
patients with malignant tumor; patients who
participated in other research at the same
time; patients who are pregnant or lactating.
This study was approved by the Ethics
Committee of our hospital.

Method

In the control group, allogeneic blood transfu-
sion was used. Before the blood transfusion,
the basic information such as the patient’s
name and gender, and the hospitalization infor-
mation such as blood type, ward, bed number
and hospitalization number were routinely
checked. After the appropriate blood type was
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provided, normal saline was first used for flush-
ing the blood transfusion pathway, and the
blood bag was checked for damage, precipita-
tion, and other abnormalities. After ensuring no
errors, the appropriate blood was infused into
patients according to the intraoperative blood
loss. For patients who need a large amount of
blood transfusion, the blood bag should be
put into 37°C warm water for 10-15 min be-
fore the blood transfusion. In the process of
blood transfusion, the aseptic operation should
be strictly carried out, and the reaction of
patients should be closely observed. In case of
any abnormality, the blood transfusion should
be stopped first, and timely treatment should
be given when the cause is found. Storage
autotransfusion was adopted in the observa-
tion group: (1) Collection of autologous blood:
First, according to the “Technical specifica-
tions for clinical blood transfusion”, autologous
blood of patients was collected by the doctors
of the blood transfusion department a week
before the operation (the amount of blood col-
lected was determined according to the
patient’s situation) [7, 8]. The collected blood
samples were placed in the blood collection
bag with citrate in advance. The blood samples
were then stored in the special blood storage
refrigerator for standby after the name, bed
number and other marks were noted. The
blood collection certificate was issued. (2)
Autologous blood transfusion: The spare autog-
enous blood was found referring to the blood
certificate. The transfusion volume, and trans-
fusion speed were adjusted according to the
changes in intraoperative blood loss, transfu-
sion volume, blood pressure, and central
venous pressure. Timely symptomatic treat-
ment was given if adverse reactions caused
by blood transfusion occurred during the
operation.

Outcome measures

Main outcome measures: (1) The related clini-
cal indexes of the two groups were compared,
and the intraoperative blood loss, autologous
or allogeneic blood transfusion, urine volume,
and the length of hospital stay were recorded.
(2) About 6 mL of venous blood was collected
before and 48 hours after the operation and
placed in the blood collection vessel filled with
citrate anticoagulant in advance. Among them,
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Table 1. General information of patients in two groups (n, X

operation in the same group and
an independent t-test was used

* sd
) oo . Control for comparison between the two
Indicator Serva_'on on r(_) group X3/t P groups. P<0.05 was considered
group (n=38) (n=38) .
significant.

Gender (n) 0.474 0.491

Male 20 17 Results

Female 18 21
Age (years) 40.5+5.3 41.146.6 0.437 0.663 General information
BMI (kg/m?) 23.37+3.05  23.18+3.22 0.264 0.792 o .
Hb (/L) 130.03+10.99 128.87+11.84 0.443 0.659 There Wals,”‘f) S'g”'f,'cagtd'ffere”ﬁe
Het (%) 40.09+2.22  40.76+2.38 1269 0208 ' &eneralinformation between the
Blood type (n) 1641 0.650 two groups (all P>0.05), which were

¥P ’ ’ comparable. See Table 1.

A 10 8

B 12 13 Clinically relevant indicators

0 8 7

AB 8 10 There were no significant differenc-
Types of disease (n) 0.561 0.454 es in intraoperative blood loss,

Hip replacement 10 13 blood transfusion and urine vol-

Fracture o8 o5 ume between the two groups (all

Note: BMI: body mass index; HB: hemoglobin; Hct: hematocrit.

2 mL were detected by an automatic electrolyte
analyzer (manufacturer: Nanjing Beden Me-
dical Co., Ltd., model: AC9800, origin: China) to
analyze K', Na*, and Ca?* in the whole blood.
About 2 mL of blood was detected by an auto-
matic blood analyzer (manufacturer: Hizen
Meikang (Japan) Company, model: XN90OO,
country of origin: Japan) to have blood routine
test and record the levels of Hb, RBC, WBC, and
HCT. (3) The remaining 2 mL of blood was cen-
trifuged to separate plasma and four coagula-
tion parameters, including prothrombin time
(PT), activated partial thromboplastin time
(APTT), D-Dimer (D-D), and fibrinogen (FIB)
were detected by automatic coagulation ana-
lyzer (manufacturer: Megtron company, model:
Coatron 3000, origin: Germany).

Secondary outcome measures: The postopera-
tive complications caused by blood transfusion
were compared between the two groups, such
as fever, allergy, hyperkalemia, and Hb urine.

Statistical analysis

SPSS 20.0 was used for statistical analysis.
The count data were expressed as n (%) and
the chi-square test was used for comparison.
The data consistent with normal measurement
data were expressed as X * sd. Paired t-test
was used for comparison before and after the
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P>0.05). The length of stay in the
hospital of the observation group
was significantly lower than that of
the control group (P<0.05), as shown in Table
2.

Electrolytes

The concentration of K*, Na*, and Ca?" in the
observation group had no significant changes
before and after the operation (all P>0.05).
The concentration of K* and Na* in the control
group 48 hours after the operation was higher
than that before the operation, and the con-
centration of Ca?" was lower than that before
the operation (all P<0.05). The differences
between the two groups were significant (all
P<0.05), as shown in Table 3.

Blood routine

Compared with those before the operation, the
Hb levels, RBC, and HCT in the control group
decreased 48 hours after the operation and
were lower than those in the observation group
(all P<0.05). The level of WBC in the two groups
increased significantly 48 hours after the oper-
ation, but that in the observation group was
lower than that in the control group (all P<0.05),
as shown in Table 4.

Coagulation function

PT, APTT, D-D, and FIB levels of the two groups
had no significant changes before and 48 hours
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Table 2. Clinically relevant indexes of the two groups (X * sd)

Intraoperative blood loss Blood transfusion

Urine output

Length of hospital

Group (mL) volume (mL) (mL) stay (d)
Observation group (n=38) 540.59+40.95 510.04+43.33  180.09+25.50 6.1+1.2
Control group (n=38) 542.28+38.70 507.50+48.89  183.33+30.08 9.2+1.3
t 0.185 0.240 0.506 10.801
P 0.854 0.811 0.614 <0.001

Table 3. Electrolyte level of two groups before and after the operation
(X +sd, mmol/L)

Observation  Control group

Groups group (n=38)  (n=38) t P

K
Before the operation 4.40+0.47 4.56+0.50 1.437 0.155
48 h after the operation 4.44+0.52 5.03+0.46" 5.239 <0.001

Na*

Before the operation 142.20+5.44 142.54+4.08 0.308 0.759

48 h after the operation 142.04+4.95 144.75+4.83" 2.415 0.018
Ca2+

Before the operation 2.3310.30 2.28+0.32 0.703 0.484

48 h after the operation 2.30+0.34 1.77+0.37° 6.502 <0.001

Note: K*: potassium ion; Na*: sodium ion; Ca?*: calcium ion. Compared with the same
group before the operation, “P<0.05.

Table 4. Blood routine before and after the operation (X * sd)

Observation
group (n=38)

Control group

(n=38) ! P

Group

Hb (g/L)
Before the operation 130.03+10.99 128.87+11.84 0.443 0.659
48 h after the operation 128.99+12.48 101.49+15.55° 8.502 <0.001
RBC (x10*/L)

Before the operation 4.40+0.40 4.44+0.39 0.390 0.698

48 h after the operation  4.38+0.43 3.89+0.30" 5.761 <0.001
WBC (x10°/L)

Before the operation 5.96+0.94 5.89+1.03 0.309 0.758

48 h after the operation  8.89+1.22° 10.94+1.30° 7.088 <0.001
Hct (%)

Before the operation 40.09+2.22 40.76+2.38 1.269 0.208

48 h after the operation 39.33+3.94 34.40+3.75° 5.587 <0.001

Note: Hb: hemoglobin; RBC: red blood cell count; WBC: white blood cell count; Hct:
hematocrit. Compared with the same group before the operation, “P<0.05.

after the operation (all P>0.05), as shown in
Table 5.

group was lower than that
in the control group (P<
0.05), as shown in Table 6
and Figure 1.

Discussion

Allogeneic blood transfu-
sion is a common and con-
ventional way of blood
transfusion in the clinic.
However, allergic reactions,
electrolyte disorders or
infections will inevitably
occur [9, 10]. Compared
with allogeneic blood trans-
fusion, storage autotrans-
fusion is a safe, effective,
economical, and straight-
forward way of blood trans-
fusion, which can greatly
reduce the risk of transfu-
sion-related complications
[11, 12].

In this study, there was no
significant difference in in-
traoperative blood loss,
blood transfusion, and ur-
ine volume between the
two groups, but the length
of stay in f the observation
group was significantly
lower than that of the con-
trol group (P<0.05). It has
been proven that there
was no significant relation-
ship between the changes

of various indicators before and after the oper-
ation and intraoperative blood loss and blood

transfusion, and this would not increase the

Postoperative complications

economic difficulties of patients. After a com-

parative analysis of the electrolyte concentra-

The incidence of postoperative complications
caused by blood transfusion in the observation
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tion, it was found that the concentration of K*
and Na* in the control group 48 h after the
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Table 5. Coagulation function before and after the operation in colysis after a period of time,

two groups (X + sd)

which can induce metabolic aci-

Observation Control

Group group (n=38) group (n=38)

dosis and break the acid-base

t P balance of the body after a

PT (s)

Before the operation 12.88+1.10 12.95+1.23

48 h after the operation 13.03+1.29 13.22+1.37
APTT (s)

Before the operation 35.59+2.88 35.96+3.04

48 h after the operation 36.02+3.30 35.89+2.85
D-D (mg/L)

Before the operation 0.39+0.11  0.37+0.10

48 h after the operation 0.37+0.16 0.36£0.12
FIB (g/L)

Before the operation 3.24+0.83  3.20+0.78

large amount of infusion in
patients [14]. Besides, after

0.262 0.794 torage f hile. K b
storage for a while can be
0.622 0.536 '
released from the red blood
cells, resulting in an increase of
0.545 0.588 free potassium concentration
0.184 0.855 in the red blood cell suspen-

sion. Hyperkalemia can be

0.829 0.410 caused by massive transfu-
0.308 0.759 sion in patients, while storage

autotransfusion can effectively

0.216 0.829 avoid the above problems

48 h after the operation  3.03+0.91  2.93+0.86 0.492 0.624 [15-17].

Note: PT: prothrombin time; APTT: activated partial thromboplastin time; D-D:

D-dimer; FIB: fibrinogen.

operation was higher than that before the oper-
ation and that in the observation group. In com-
parison, the concentration of Ca?" was lower
than that before the operation and that in the
observation group. However, the concentration
of K, Na* and Ca?" in the observation group
had no significant change before and after the
operation, which indicated that the two blood
transfusion modes (allogeneic blood transfu-
sion and storage autotransfusion) adopted in
this study had significant differences in the
effects on electrolytes in patients undergoing
elective orthopedic surgery. Compared with
allogeneic blood transfusion, the effect of stor-
age autotransfusion mode on body electrolyte
was smaller, effectively reducing the occur-
rence of postoperative hyperkalemia and
hypercalcemia. Tomimaru et al. studied the
effects of storage autotransfusion mode and
conventional allogeneic blood transfusion
mode on electrolytes before, and 1 d and 3 d
after the operation [13]. The results showed
that the conventional allogeneic blood transfu-
sion mode had a greater impact on the fluctua-
tion of body electrolytes. At the same time,
there were no significant changes in the body
electrolytes before, one day and three days
after the operation under the stored autolo-
gous blood transfusion mode, which was con-
sistent with this study. It is speculated that the
transfusion of allogeneic blood is the stock red
blood cell suspension, and the stock red blood
cell suspension can be slightly acidic due to gly-
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In this study, Hb, RBC, and HCT
in the control group 48 hours
after the operation were lower
than those before the operation and those in
the observation group. The level of WBC of the
two groups increased significantly after the
operation, but that in the observation group
was lower than that of the control group, sug-
gesting that the effect of storage autotransfu-
sion on the blood indexes of patients un-
dergoing elective orthopedic surgery is small.
Sakai et al. also had a similar conclusion. Their
study compared the effect of storage auto-
transfusion mode and conventional allogeneic
blood transfusion mode on the blood routine
of patients [18]. The results showed that Hb
and HCT decreased significantly and WBC
increased significantly after the conventional
allogeneic blood transfusion. It is speculated
that allogeneic blood transfusion is, after all,
the blood of different individuals. The recipient
can be considered a foreign substance, which
is different from their blood components to
different degrees. Therefore, a massive infu-
sion can cause changes in many blood indexes
[19, 20]. In terms of blood coagulation, this
study found that the levels of PT, APTT, D-D,
and FIB levels had no significant changes in the
two groups before and 48 hours after the
operation, suggesting that both allogeneic
blood transfusion and storage autotransfusion
had no significant effect on blood coagulation
function, which is consistent with the results
reported by Donati et al. but some scholars
hold the opposite opinion [21]. For example,
Salamin et al. think that allogeneic blood trans-
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Table 6. Comparison of the incidence of postoperative transfusion-related complications between the

two groups (n, %)

Group Fever Allergy Hyperkalemia  Hemoglobinuria The total incidence
Observation group (n=38) 0 (0.00) 0 (0.00) 1(2.63) 1(2.63) 2 (5.26)
Control group (n=38) 3(7.89) 2 (5.26) 1(2.63) 2 (5.26) 8(21.05)

X2 1.388 0.514 0.514 0.000 4.145

P 0.239 0.474 0.474 1.000 0.042

N
i

n
<

—_
(4]
1

-
o
1

#

IR

Observation group  Control group

a
1

Incidence of complications (%)

o
L

Figure 1. Comparison of the incidence of blood
transfusion related complications between the two
groups. Compared with the control group, #P<0.05.

fusion has a greater impact on the coagulation
function than storage autotransfusion, which
may be related to the sample size and the
amount of infusion [22]. Finally, this study
found that the total incidence of complications
caused by blood transfusion in the observa-
tion group was lower than that in the control
group, suggesting that storage autotransfu-
sion can reduce the incidence of transfusion-
related complications. However, this study is a
single-center clinical study. The sample size is
limited and there is no follow-up after dis-
charge. The effects of two different blood trans-
fusion methods on long-term electrolytes and
coagulation function of patients still need more
in-depth research to confirm.

To sum up, for patients undergoing elective
orthopedic surgery, the effect of storage auto-
transfusion mode on postoperative blood
indexes and body electrolytes is smaller, which
can effectively reduce postoperative transfu-
sion-related complications and has no signifi-
cant impact on the body’s coagulation func-
tion. Therefore, storage autotransfusion can be
given priority to patients who meet the indica-
tions for storage autotransfusion.
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