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Abstract

Objective: Intra-operative cell salvage (CS) was reported to be ineffective, safe and not
cost-effective in low-bleeding-risk cardiac surgery with cardiopulmonary bypass (CPB), but studies
in high-bleeding-risk cardiac surgery are limited. The objective of this study is to evaluate the ef-
ficacy, safety and cost-effectiveness of intra-operative CS in high-bleeding-risk cardiac surgery with
CPB.

Methods: One hundred and fifty patients were randomly assigned to either with intra-operative
CS group (Group CS) or without intra-operative CS group (Group C). Study endpoints were
defined as perioperative allogeneic red blood cell (RBC) transfusion, perioperative impairment of
blood coagulative function, postoperative adverse events and costs of transfusion-related.

Results: Both the proportion and quantity of perioperative allogeneic RBC transfusion were
significantly lower in Group CS than that in Group C (p=0.0002, <0.0001, respectively). The in-
cidence of residual heparin and total impairment of blood coagulative function in the 24 hours after
surgery, the incidence of postoperative excessive bleeding, were significantly higher in Group CS
than that in Group C (p=0.018, 0.042, 0.034, respectively). Cost of both allogeneic RBC transfu-
sion and total allogeneic blood transfusion were significantly lower in Group CS than that in Group
C (p<0.001, =0.002, respectively). Cost of total blood transfusion was significantly higher in Group
CS than that in Group C (p =0.001).

Conclusion: Intra-operative CS in high-bleeding-risk cardiac surgery with CPB is effective, gen-
erally safe, and cost-effective in developed countries but not in China.
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Introduction

Patients undergoing cardiac surgery with car-  volumes of fluid [1]. As we have known, anemia is
diopulmonary bypass (CPB) are often exposed to  closely related with postoperative adverse events,
acute anemia as the red blood cell (RBC) were dam-  such as stroke and kidney injury. Thus, it is quite

aged and the circulatory system was primed of large  important to treat anemia in time during periopera-
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tive period [1, 2]. The most simple and effective ap-
proach in the treatment of anemia is allogeneic RBC
transfusion, but it still has many disadvantages, in-
cluding the spread of infectious diseases like AIDS,
suppressing immunoreaction, increasing postopera-
tive adverse events and medical costs, aggravating
blood shortage [3, 4].

In order to reduce the incidence of adverse
events resulting from allogeneic RBC transfusion and
to cope with increasing blood shortage and medical
costs, cell salvage (CS) was applied in cardiac surgery
with CPB and recommended by blood conservation
guidelines [5, 6]. However, recently many studies
indicated that CS was ineffective and not
cost-effective in low-bleeding-risk cardiac surgery,
although it was safe [3, 5-9].

High-bleeding-risk cardiac surgery with CPB
refers to those surgeries with high risk of bleeding
brought by the patient’s poor physical condition and
the surgery’s long time and complexity [4, 5, 8, 10, 11].
Until now, few data has existed to evaluate in-
tra-operative CS in high-bleeding-risk cardiac surgery
[12]. The aim of our prospective, randomized, con-
trolled clinical trials was to evaluate the efficacy,
safety and cost-effectiveness of intra-operative CS in
this kind of surgery. The endpoint of efficacy was
proportion and quantity of perioperative allogeneic
RBC transfusion; the endpoint of safety was the inci-
dence of perioperative impairment of blood coagula-
tive function and the incidence of postoperative ad-
verse events; the endpoint of cost-effectiveness was
costs of transfusion- related.

Methods

Patient enrollment

The study was approved by the Ethics Commit-
tee of the Zhejiang Provincial People’s Hospital (RCT
ID: ChiCTR-TRC-13003209). Patients were enrolled in
after they provided written informed consent. And
there were 3 inclusion criteria that should be satisfied
at the same time: firstly, patients were scheduled for
cardiac surgery with CPB; secondly, surgery was
combined aortic valve replacement and mitral valve
replacement, or Bentall (aortic valve replacement and
ascending aorta and aortic root replacement), or re-
operation (single or multiple valve replacement);
thirdly, at least two of the following conditions are
satisfied: (Dage >70 years; (2)body surface area
(BSA)<1.6 m% @renal dysfunction (creatinine >15mg
L1 ); @liver insufficiency (Child -Pugh B or C);
(8)coagulation disorders (thromboelastography, TEG,
R value before surgery >10 min); (6)hemoglobin(HB)
levels < 130 g L1 in males or <120 g L in females;
(DPlatelets (PLT) count <50 x10° L-1; (8)intake of as-

pirin 3 days before surgery or clopidogrel 7 days be-
fore surgery [3, 5, 10 11]. One hundred and fifty eligi-
ble patients were randomly assigned into two groups
according to a randomization list: cell salvage group
(Group CS) and control group (Group C). Patients in
Group CS were treated with intra-operative CS while
those in Group C without.

CPB

After anesthesia induction Tranexamic Acid
(AMCHA, 30 mg kg?) was infused into all patients
[13]. Anticoagulation was achieved with heparin to
maintain an activated clotting time (ACT) over 480
seconds. After separation from CPB, heparin was
neutralized with protamine to a target- ACT of within
90 - 110 % of base value.

Autologous blood transfusion

In Group CS, shed blood from wound and me-
diastina were sucked into the cell saver reservoir
(Haemonetics, USA, volume of disposable centrifuge
bowl is 125mL) after anticoagulated by heparin dur-
ing the period of non-heparinization. At the end of
CPB, residual blood in the CPB circuit was sucked
into the reservoir directly. After filtrated, centrifu-
gated, washed and concentrated, the recovered blood
became autologous blood (autologous RBC) [14, 15],
and was then transfused back to the patients imme-
diately. All autologous RBC was transfused back be-
fore the end of surgery. In Group C, shed blood from
wound and mediastina during the period of
non-heparinization and residual blood were sucked
into suction apparatus and were discarded. Patients’
bleeding during the period of heparinization both in
groups CS and Group C were sucked into the CPB
circuit.

Perioperative blood transfusion

Perioperation was the period from the before
surgery to 24 h after surgery. From 5 min after heparin
was neutralized during surgery to 24 h after surgery,
if the hemoglobin (HB) was lower than 80 g L1, pa-
tients in Group C were transfused with allogeneic
RBC while patients in Group CS were transfused with
autologous RBC first. If the HB level is still lower than
80 g L1 after all the autologous RBC was used up,
allogeneic RBC would be transfused then. Postopera-
tive excessive bleeding patients were treated accord-
ing to the protocol in Figure 1 [8, 16].

Study variables

Basal and operative characteristics: age, gender,
BSA, the type of surgery, complications, CPB time,
surgical time, tracheal intubation time, ICU time,
length of hospital stay, the volume of residual blood
in CPB circuit, the volume of intraoperative blood
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loss, the volume of mediastina tube drainage (MTD) 6
h and 24 h after surgery, intraoperative dosage of
heparin and protamine.

Perioperative blood transfusion: the volume of
autologous RBC transfusion in Group CS, the propor-
tion and quantity of allogeneic blood transfusion
[RBC, PLT and fresh-frozen plasma (FFP)] in two
groups.

Perioperative hematological and Thromboelas-
tography (TEG) parameters: vein blood were tested
for hematological and TEG (Haemonetics, USA) pa-
rameters at the following four time points and post-
operative excessive bleeding occurred in the 24 hours
after surgery (post-op): at the time of after anesthesia
induction and before surgery (T1), 5 min after heparin
was neutralized during surgery (T2), at the end of
surgery (T3) and 24 h after surgery (T4). Hematological
parameters included RBC, HB, PLT and FIB; TEG pa-

rameters included R value (R-TEG and R-h-TEG), MA
and LY 30 [15].

Perioperative impairment of blood coagulative
function: impairment of blood coagulative function
was diagnosed according to the seventh and eighth
lines in Figure 1, 5 types of impairment included re-
sidual heparin, hypocoagulability for low PLT, hy-
pocoagulability for low FIB, hypocoagulability for
low coagulation factors, hyperfibrinolytic [16, 17].

Postoperative adverse events: excessive bleed-
ing, resternotomy, cardiovascular failure, severe ar-
rhythmias, myocardial infarction, infection, renal
failure, respiratory failure, epileptic syndrome, cogni-
tive decline and death.

Costs of transfusion-related: cost of autologous
blood transfusion, cost of allogeneic blood transfu-
sion, cost of total blood transfusion and cost of total
hospital.

Rate of bleeding >>300ml/ first hour
or >2ml/kg fhour X3

Excessive

bleeding

PLT+TEG + FIB

,

Normal or slight abnormal

!

Surgical origin for bleeding

!

.

Severe abnormal

!

Non surgical origin for bleeding

Resternotomy
Y Y A 4 4 y
R-TEG > PLT <100X10° and FIB R- h-TEG TEG- L Y30
2XR-h-TEG MA < 45mm < g/t > 10min > 7.5%
A 4
Residual Hypocoagulability for Hypocoagulability for Hypocoagulability for Hyperfibrinolytic
heparin low PLT low FIB low clotting factors
A y 3 4
Protamine 1mg/kg PLT 3U-6U FIB 30mg/kg FFP100ml- 200ml AMCHA 30mg/kg

Figure 1 The processing protocol of postoperative excessive bleeding. Once excessive bleeding was diagnosed, patients received treatment based on the results of
the tests in the PLT, TEG and FIB. First hour=in the first hour after surgery, hourx3=for 3 consecutive hours. TEG=celite-activated TEG, h-TEG= hepa-
rinase-modified celite-activated TEG. R=reaction time, R-TEG=R value in TEG, R-h-TEG=R value in h-TEG. MA=maximum amplitude, LY30=lysis index at 30 min.
PLT=Platelets, FFP=fresh-frozen plasma, FIB=fibrinogen, AMCHA=Tranexamic Acid.
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Statistical analysis

The quantity of perioperative allogeneic RBC
transfusion is an important scale of the efficacy. In our
previous preliminary study, the range and the median
of allogeneic RBC transfusion were 2 to 12 U and 4U,
respectively. In most observations, 99% of the ranges

are within +3 SD (standard deviation), so 1/6xrange

=1 SD = 1.67U. To achieve a 25% (1U) reduction of
allogeneic RBC transfusion, based on a two-sided
significance level of 5%, we calculated that a sample
size of 96 patients (48 in each group) would provide
90% power to detect statistical difference [18].

The data are presented as mean (SD) for contin-
uous parametric values, or as numbers with percent-
age for categorical data. For continuous data, the
two-sample two-sided Student’s t-test and the Wil-
coxon Rank-Sum two-sample two-sided test were
used. For categorical data, the Chi-square-test and
Fisher’s exact-test were used. Considering some var-
iables may influence relevant clinical outcomes po-
tentially, the logistic regression model was used to
verify the relationship of CS with 7 perioperative im-
pairment of blood coagulative function and postop-
erative adverse events, including residual heparin,
hypocoagulability for low PLT, hypocoagulability for
low FIB, hypocoagulability for low clotting factors,
excessive bleeding, myocardial infarction and cogni-
tive decline. Odds ratios (ORs) resulting from logistic
regression analysis were used to estimate relative risk
(RR) ratios. Data analysis were performed using SAS
statistical software (version 9.1, SAS Institute Inc.,
Cary, NC, USA). P values below 0.05 were accepted as
significant.

Results

Patients” progress is summarized in Figure 2.
The Basal and operative characteristics were almost
identical between the two groups (Table 1).

The volume of autologous RBC transfusion in
Group CS was 817.7 = 67.8mL (~4.09U). Both the
proportion and quantity of perioperative allogeneic
RBC transfusion were significantly lower in Group CS
than that in Group C (Table 2).

There were no significantly difference of hema-
tological and TEG parameters at different time point
from T; to T4 between two groups (p>>0.05). Both the
incidence of residual heparin and the incidence of
total impairment of blood coagulative function at T3
and in the 24 hours after surgery were significantly
higher in Group CS than that in Group C (Figure 3).
The incidence of postoperative excessive bleeding was
significantly higher in Group CS than that in Group C
(p=0.034). There was no significantly difference of the
incidence of total postoperative adverse event be-
tween two groups (p=0.602). CS was associated with
an increase in the RR for perioperative residual hepa-
rin and postoperative excessive bleeding (p =0.032,
0.048, respectively).

Both the cost of allogeneic RBC transfusion and
the cost of total allogeneic blood transfusion were
significantly lower in Group CS than that in Group C.
The cost of total blood transfusion was significantly
higher in Group CS than that in Group C (Table 3).
Table 4 analysed the cost-effectiveness of CS in dif-
ferent studies [8, 12, 19]. In our study the mean of
autologous RBC transfusion was 4.09 U, CS was
cost-effective according to the price of allogeneic RBC
in developed countries but not cost-effective in terms
of the price in China.

Assessed for eligibility (n = 150)

Randomized (n=150)

Group CS (n=75)

Group C (n=75)

Received allocated intervention (n=73)
Did not receive CS due to equipment

Failure (n=2)

Received allocated intervention (n=71)
Received CS after surgical request due to
heavy bleeding (n=4)

l

i

Died within 24hours post surgery (n=1)
Lost to follow-up (n = 0)

Died within 24hours post surgery (n=2)
Lost to follow-up (n =0)

A,

A

Analyzed (n=72)

Excluded from analysis (n =0)

Analyzed (n=69)

Excluded from analysis (n=0)

Figure 2 CONSORT diagram of flow of patients
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Figure 3 Comparison of perioperative impairment of blood coagulative function between two groups. x-axis: type, A=residual heparin, B=hypocoagulability for low
platelet, C=hypocoagulability for low FIB, D=hypocoagulability for low clotting factors, E=hyperfibrinolysis, T=total (A+B+C+D+E). y-axis: cases. T| =at the time of
after anesthesia induction and before surgery, T.=5 min after heparin was neutralized with protamine during surgery, T3=at the end of surgery, post-op=in the 24
hours after surgery. *p=0.025 (T3-A), 0.037 (T3-T), 0.018 (post-op-A), 0.042 (post-op-T), respectively.

Table I: Patients' basal and operative characteristics

Variable Group CS Group C P value
(n=72) (1=69)
Age(years) 51.7(15.6) 53.1(15.1) 0.548
>70years 17(23.6) 16(23.2) 0.682
Male 35(48.6) 29(42.0) 0.778
BSA 1.75(0.13) 1.72(0.15) 0.932
<1.6 m2 7(9.7) 7(10.1) 0.985
Surgery type 0.938
multiple valve 47(65.3) 46(66.7)
Bentall 10(13.9) 8(11.6)
reoperations 15(20.8) 15(21.7)
Complication
renal dysfunction 26(36.1) 24(34.8) 0.923
liver insufficiency 12(16.7) 13(18.8) 0.537
coagulation disorders 20(27.8) 18(26.1) 0.821
HB levels lower 30(41.7) 30(43.5) 0.687
PLT abnormal 20(27.8) 21(30.4) 0.752
intake of aspirin or clopidogrel 18(25.0) 15(21.7) 0.702
CPB time (min) 140.2(32.7) 124.5(289) 0.311
Surgical time (min) 280.4(31.7) 258.7(37.4)  0.204
Tracheal intubation time (hour) 12.5(11.2) 13.4(4.7) 0.274
ICU stay (hour) 20.5(5.7) 21.8(4.7) 0.253
Hospital stay (day) 23.1(7.8) 25.1(9.1) 0.263
Residual blood in CPB circuit 870.3(47.5) 858.7(80.2)  0.372
Intraoperative blood loss (ml) 1425.6(162.4) 1347.5(179.8) 0.105
MTD (ml), in 6hour 381.5(158.4)  294.2(165.7) 0.287
in 24hour 631.4.(287.6)  559.8(193.4) 0.067
Intraoperative heparin dose (mg) 240.5(47.7) 241.0(48.2) 0.791
Intraoperative protamine dose(mg)  422.2(90.6) 410.2(94.5)  0.507

Data are presented as mean (SD) or number (percentage). BSA= body surface area.
MTD = mediastinal tube drainage, patients with resternotomy were not calculated.

Table 2: Perioperation allogeneic blood transfusion

Variable Group CS Group C P value
(n=72) (n=69)
RBC
proportion 27(37.5) 52(75.4) 0.0002
quantity (U) 2.01(2.75) 5.39(3.28) <0.0001
FFP
quantity (ml) 113.9(202.7) 133.3(220.6)  0.725
proportion 14(194.) 14(20.3) 0.909
PLT
quantity (U) 1.97(3.57) 1.91(3.42) 0.879
proportion 16(22.2) 13(18.8) 0.627
Data are presented as mean (SD) or number (percentage).
Table 3: Costs of transfusion- related
Variable Group CS Group C P value
(n=72) (n=69)
Autologous blood transfusion  243.9 0
Allogeneic blood transfusion
RBC 45.7(54.3) 122.7 (65.6) <0.001
FFP 14.8 (37.5) 17.3 (32.4) 0.825
PLT 56.1 (51.5) 544 (42.7) 0.978
Total (RBC+ FFP+ PLT) 116.6 (140.8) 1944 (152.4) 0.002
Total blood transfusion 360.5 (140.8) 194.4 (152.4) 0.001
Total hospital 167253 (2271.7) 16142.2 (2572.3) 0.211

Data are presented as mean (SD) in United States dollars. exchange rate :$1=¥ 6.15.
Autologous blood transfusion = price of annual equivalent of the cell saver ma-
chine ($31.8) + price of disposable bowl and other consumable materials ($212.1).
Allogeneic blood transfusion = price of allogeneic blood product + price of the
service charge of skilled staff. Allogeneic blood product was obtained from the
Blood Service of Zhejiang Province, price of RBC, FFP and PLT were $17.88/U,
$0.08/ml and $23.58/U, respectively; price of service of RBC, FFP and PLT were
$4.88/U, $0.05/ml and $4.88/U, respectively.

Total blood transfusion =cost of autologous blood transfusion +cost of allogeneic
blood transfusion.
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Table 4: Cost-effectiveness of CSin different studies

Study Klein Weltert Ours  Shander and Weltert
Country Britain Italy ~ China Developed countries
(Italy, Britain, America,
Switzerland, Austria)
Year 2007 2012 2014 2012(Italy), 2007 (others)
Cases 94 537 72 /
Bleeding-risk of surgery =~ Low Low  High  High
and
high
Price of allogeneic RBC 219 201 228 203
$/U)A
Quantity of autologous ~ / 195  4.09 4.09
RBC transfusion (U)B

Price of autologous blood 153 258 2439 258
transfusion ($)¢

Cost of reduced ($)P -103 134 -150.6 5723
Cost-effectiveness No Yes No Yes

Data represent average quantity or cost per case. “ / ” = No data.
D=AXB - Cor from the report ( Klein). Cost-effectiveness, >0 = yes, P<<0 = no.

Discussion

Our present study shows that intra-operative CS
in high-bleeding-risk cardiac surgery with CPB is ef-
fective, generally safe and cost-effective in developed
countries but not cost-effective in China. To the best of
our knowledge, this is the first prospective, random-
ized and controlled trial to evaluate intra-operative
CS in this kind of surgery. Among 1.25 million pa-
tients undergoing cardiac surgery all over the world
each year, a large proportion is with
high-bleeding-risk [13]. Our study has a positive ef-
fect on this kind of surgery for reducing the require-
ment of the allogeneic RBC transfusion, decreasing
the incidence of postoperative adverse events associ-
ated with anemia and allogeneic RBC transfusion, and
reducing the medical costs in developed countries [3,
4].

In our study, intra-operative CS decreased the
quantity and proportion of allogeneic RBC transfu-
sion, which indicated that CS is effective in
high-bleeding-risk cardiac surgery. The mechanism is
that this kind of surgery has characteristics including
higher risk of impairment of blood coagulation func-
tion, higher proportion of reoperation and longer time
of CPB, so that the volume of intraoperative blood
loss is much larger than low-bleeding-risk cardiac
surgery [8, 15].

TEG is particularly suitable for the diagnosis of
impairment of blood coagulative function in cardiac
surgery [20-22]. In our study it revealed that CS in-
creased the incidence of perioperative residual hepa-
rin and total impairment of blood coagulative func-
tion. In addition, the incidence of postoperative ex-
cessive bleeding was higher in Group CS. These re-
sults indicated that intra-operative CS in

high-bleeding-risk cardiac surgery impaired blood
coagulative. The main mechanism is that the larger
volume of intraoperative blood loss resulting in the
larger volume of autologous blood transfusion, and
the concentration of heparin in autologous blood was
high while the platelet and coagulation factor was
deficient. Another mechanism is that the long CPB
time aggravates the hyperfibrinolysis [4, 9, 23].
However, we also found that CS did not increase the
quantity and proportion of the allogeneic FFP and
PLT transfusion, not increase the incidence of post-
operative resternotomy and total adverse events.
These results indicated that although CS could impair
blood coagulation function to a certain degree, it was
safe in general. The reason is that the impairment of
blood coagulative function and postoperative exces-
sive bleeding mainly result from the residual heparin
which can be neutralized easily with protamine, while
dilutional coagulopathy and hyperfibrinolysis also
existed in Group C. The incidence of postoperative
myocardial infarction and cognitive decline in Group
CS did not decrease, which is inconsistent with
George and colleagues’ report [14, 15], and the reason
may be our relatively small sample size.

There are few studies that have analyzed the
cost-effectiveness of intra-operative CS in cardiac
surgery [8, 12]. Weltert and colleagues reported that it
was cost-effective if either of the following two con-
ditions are satisfied: partial patients were with
high-bleeding-risk or the quantity of intraoperative
blood loss was larger than 800 ml [9, 12, 24], which is
inconsistent with ours. In our study, all the patients
were with high-bleeding-risk and the quantity of in-
traoperative blood loss was 1425.6 ml but CS was still
not cost-effective. It is the low price of allogeneic RBC
in China that the reason is. Because the price in de-
veloped countries is 8.9 times as much as that in Chi-
na (203/22.8), intra-operative CS in high-bleeding-risk
cardiac surgery is cost-effective.

The primary limitation of our study was the
evaluation standard of high-bleeding- risk cardiac
surgery. Because there is no unified standard until
now, the standard we employed may need some im-
provement. Another limitation was the relatively
small sample size. Although it was sufficient for de-
tecting the difference in quantity of allogeneic RBC
transfusion between groups, a larger sample size is
necessary to detect possible differences in safety.

In summary, our preliminary data support a
proposal that intra-operative CS in high-risk-bleeding
cardiac surgery with CPB can reduce the proportion
and quantity of perioperative allergenic RBC transfu-
sion without adding the incidence of total postopera-
tive adverse event, while impair the blood coagula-
tion function to a certain degree and increase the in-
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cidence of postoperative excessive bleeding. The
cost-effectiveness of intra-operative CS in this kind of
surgery mainly depends on the price of allogeneic
RBC. Thus, intra-operative CS in this kind of surgery
is effective, generally safe and cost-effective in de-
veloped countries but not cost-effective in China. Fu-
ture studies should be performed to further evaluate
the safety in a larger sample size.
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