
Blood loss and replacement during surgery is a controver-
sial issue in major orthopaedic surgery such as Total Knee 
Arthroplasty	(TKA).	Allogeneic	blood	transfusion	causes	le-
gal problems and concerns in terms of transmission of trans-
fusion-related	diseases.	Therefore,	 cell	 saver	 systems	 (CSS)	
were developed to minimize the need for allogeneic blood 
transfusion. However, contradictory results have arisen from 
studies	examining	the	use	of	CSS	to	reduce	the	need	for	allo-
geneic	blood	transfusion	in	primary	TKA	(1-3).	Additionally,	
transfusion by CSS may also cause coagulation, infection and 
haemodynamic	 instability	 (4).	The	 autologous	 blood	 should	
be used within 6 hours in order to prevent potential contami-
nation	and	febrile	reactions	(5-7).	

This study investigated the effect of CSS use on levels of 
allogeneic blood transfusion in TKA patients and the associ-

ated costs. An attempt was also made to determine the factors 
predicting the need for allogeneic blood transfusion.

MATERIAL AND METHOD 

Following approval from the Ethics Committee of our hospital and 
having informed consent by all patients, patients undergoing unilat-
eral, cemented TKA for primary knee osteoarthritis between January 
2012 and June 2013 in our clinic were retrospectively evaluated. In 
Group 1, 37 patients were treated with a CSS, and in Group 2, 39 
patients were given allogeneic blood transfusion. Simultaneous bilat-
eral TKA cases, revision surgery and missing medical record cases 
were	excluded	from	the	study.	Patients	who	had	inflammatory	arthri-
tis, haematological disease, post-operatively developing myocardial 

Background: Blood loss and replacement is still a controversial is-
sue in major orthopaedic surgery. Allogenic blood transfusion may 
cause legal problems and concerns regarding the transmission of 
transfusion-related	 diseases.	 Cellsaver	 Systems	 (CSS)	were	 devel-
oped as an alternative to allogenic transfusion but CSS transfusion 
may cause coagulation, infection and haemodynamic instability. 
Aims:	Our	aim	was	to	analyse	the	efficiency	and	cost	analysis	of	a	
cell saver auto-transfusion system in the total knee arthroplasty pro-
cedure. 
Study Design: Retrospective comparative study. 
Methods: Those patients who were operated on by unilateral, ce-
mented	 total	 knee	 arthroplasty	 (TKA)	 were	 retrospectively	 evalu-
ated. Group 1 included 37 patients who were treated using the cell 
saver system, and Group 2 involved 39 patients who were treated 
by allogenic blood transfusion. The groups were compared in terms 
of preoperative haemoglobin and haematocrit levels, blood loss and 
transfusion amount, whether allogenic transfusion was made, degree 
of	deformity,	body	mass	index	and	cost.	

Results:	 No	 significant	 results	 could	 be	 obtained	 in	 the	 statistical	
comparisons made in terms of the demographic properties, deformity 
properties, preoperative laboratory values, transfusion amount and 
length of hospital stay of the groups. Average blood loss was calcu-
lated	to	be	less	in	Group	1	(p<0.05)	and	cost	was	higher	in	Group	1	
(p<0.05).	
Conclusion: Cell saver systems do not decrease the amount of allo-
genic blood transfusion and costs more. Therefore, the routine usage 
of the auto-transfusion systems is a controversial issue. Cell saver 
system usage does not affect allogenic blood transfusion incidence 
or allogenic blood transfusion volume. It was found that preoperative 
haemoglobin	and	body	mass	index	rates	may	affect	allogenic	blood	
transfusion. Therefore, it is foreseen that auto-transfusion systems 
could be useful in patients with low haemoglobin level and body 
mass	index.	
(Balkan Med J	2014;31:149-53).
Key Words: Cell saver system, cost, total knee arthroplasty 

Copyright © Trakya University Faculty of Medicine  
Balkan Med J	2014;31:149-53	©	2014

Efficiency	and	Cost	Analysis	of	Cell	Saver	Auto	Transfusion	System	
in Total Knee Arthroplasty 

1Department	of	Orthopedics	and	Traumatology,	Bakırköy	Dr.	Sadi	Konuk	Research	and	Training	Hospital,	İstanbul,	Turkey
2Department of Orthopedics and Traumatology, Trabzon Kanuni Research and Training Hospital, Trabzon, Turkey

3Department of Orthopedics and Traumatology, Karabük University  Faculty of Medicine, Zonguldak, Turkey

Mustafa Gökhan Bilgili1, Ersin Erçin1, Gökhan Peker2, Cemal Kural1,	Serdar	Hakan	Başaran3,  
Altuğ	Duramaz1, Cevdet Avkan1

Original Article  |		149

Address	for	Correspondence:	Dr.	Mustafa	Gökhan	Bilgili,	Department	of	Orthopedics	and	Traumatology,	Bakırköy	Dr.	Sadi	Konuk	Research	and	Training	Hospital,	
İstanbul,	Turkey.	 
Phone: +90 212 414 71 71  e-mail: mgbilgili@yahoo.com  
Received: 13.12.2013  Accepted: 20.04.2014 • DOI: 10.5152/balkanmedj.2014.13267
Available at www.balkanmedicaljournal.org 



infarction, pulmonary embolism or gastrointestinal bleeding were 
also	excluded.
A	Medtronic	 autologous	 transfusion	 set	 (Minnesota,	 USA)	 was	

used in all cases. The preoperative demographic data of the patients 
such	as	age,	height	(m),	weight	(kg)	and	BMI	(kg/m2)	were	recorded.	
The	preoperative	mechanical	axis	of	the	lower	extremity	in	the	an-
terior–posterior view in the standing position was measured by an 
orthopaedist	who	was	not	a	member	of	the	operating	team	(Table	1).	

Low molecular weight heparin and deep venous thromboprophy-
laxis	with	antithromboembolic	socks	were	used	in	all	cases.	Haemo-
globin levels of 8 and lower were considered an absolute transfusion 
indication. Transfusion was also conducted in the presence of tachy-
cardia and hypotension. The patients were closely monitored against 
autotransfusion or allogeneic blood transfusion-related adverse reac-
tions for 7 to 10 days postoperatively. 
Hb	values	on	the	first,	second,	third,	fifth	and	seventh	days;	total	

blood	volume	accumulating	in	the	drain;	retransfusion	level	in	CSS	
cases;	 and	 the	 allogeneic	 blood	 transfusion	 volume	 in	 each	 group	
were calculated and recorded. In the group in which CSS was not 
used, the amount of blood lost was calculated and recorded by mea-
suring the blood drained from the negative pressure system.
Within	the	first	5	hours	blood	that	was	collected	after	the	operation	

was given to the CSS group. Drain systems were active for 2-3 days 
postoperatively in both groups.

The groups were compared in terms of preoperative haemoglobin, 
amount	of	blood	transfused	(and	whether	allogeneic	transfusion	was	
essential),	length	of	hospitalisation	and	cost.

Surgical technique 
Two surgeons from our clinic operated on patients by applying a 

pneumatic tourniquet via an epidural. The Zimmer® Gender Solu-
tions®	Nexgen®	High-Flex	Knee	prosthesis,	which	cuts	the	poste-
rior cruciate ligaments, was used in all 76 knees. Surgery was per-
formed using the medial parapatellar approach. All implants were 
applied with cement and no patellar component was used in any pa-
tient.	Negative	pressure	drainage	was	used	while	closing	the	wounds	
and	an	elasticated	bandage	was	applied	for	compression	after	finish-
ing the tourniquet.

Statistical analysis 
Statistical	analysis	was	conducted	using	SPSS	version	12	(SPSS	

Inc.,	Chicago,	 IL,	USA).	Demographic	 data	were	 compared	 using	
Student’s t test for continuous variables or the Chi-square test for 
categorical	variables.	ANOVA	was	used	for	repeated	measurements	
in order to compare the serial changes between the preoperative and 
postoperative levels of Hb. The Chi-square test was used to deter-
mine the relationship between the use of CSS and allogeneic blood 
transfusion. Pearson test correlation analysis was used to determine 
the relationship between re-transfusion and allogeneic blood transfu-
sion and for cost analysis. The effect of demographic variables on 
the	allogeneic	blood	transfusion	was	examined	using	multiple	logis-
tic regression analysis, which contained corrected variables, uncor-

rected variables and inequality rates. Differences were considered 
significant	at	p<0.05	in	all	tests.

RESULTS 

Table 2 presents the comparison of postoperative data be-
tween groups. The two groups showed similarity in terms of 
the	haemoglobin	levels,	which	dropped	on	the	first	and	sev-
enth day postoperatively. The Hb level was lower than the 
preoperative	level	in	the	first	3	days,	and	then	had	a	tendency	
to increase but stayed below the preoperative status. This ten-
dency	was	similar	in	the	two	groups	(p=0.216).	

The groups also showed similarity in terms of the total blood 
volume drained. The average total blood loss was 550 [50-675] 
mL	in	Group	1,	and	770	[70-1100]	mL;	(p:0.045)	in	Group	2.	

The average total allogeneic blood transfusion volume was 
similar	in	the	two	groups	(Group	1:	165	[0-460]	mL,	Group	2:	
255	[0-670]	mL;	p=0.321).

The Chi-square test was used to determine the relationship be-
tween	the	use	of	allogeneic	blood	transfusion	and	CSS	(Table	3).	
The use of CSS did not affect the incidence of allogeneic blood 
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 CSS ABT p value

Age	(year)	 64	(57-73)	 66	(56-75)	 >0.05

Gender	(F/M)	 28/9	 31/8	

Weight	(kg)	 87.4	(65-102)	 89.3	(67-104)	 >0.05

Height	(cm)	 162	(154-170)	 160	(152-172)	 >0.05

BMI	(kg/m2)	 28.4	(22.2-32.6)	 28.7	(22.6-33.2)	 >0.05

Preoperative	Hb	value			 12.5	(10.2-15.6)	 12.7	(10.2-15.4)	 >0.05 
(g/dL)	

Mean	value	of	preoperative		 9.8±6.4	 10.2±5.8	 >0.05 
varus	deformity	(degree)	

CSS:	cell	saver	system;	ABT:	allogeneic	blood	transfusion;	BMI:	body	mass	index;	Hb:	
haemoglobin
Values	represent	mean±standard	deviation	(range)

TABLE 1. Preoperative demographic properties of patients 

 CSS ABT p value
Average	blood	loss	(mL)	 550	(50-675)	 770	(70-1100)	 <0.05
Allogeneic	blood	transfusion		 165	(0-460)	 225	(0-670)	 >0.05 
volume	(mL)	
Decrease	in	first	postoperative		 2.6	(0.5-3.9)	 2.5	(0.2-4.4)	 >0.05 
day	Hb	level	(gm/dL)	
Decrease in 7th	postoperative			 2.2	(0.8-4.9)	 2.3	(0.7-5.4)	 >0.05 
day	Hb	level	(gm/dL)	
Drained	blood	volume	(mL)	 655	(110-1220)	 710	(50-1440)	 >0.05
Hospitalization	period	(days)	 7.1	(7-9)	 7.2	(7-11)	 >0.05
Cost	(TL)	 300	(0-600)	 110	(0-400)	 <0.05

CSS:	cell	saver	system;	ABT:	allogeneic	blood	transfusion;	Hb:	haemoglobin	
Values	represent	mean±standard	deviation	(range)

TABLE 2. Postoperative transfusion amounts, Hb levels and amount of 
blood loss in each group
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transfusion	(p=0.45).	Thirteen	patients	(35%)	in	Group	1	and	19	
patients	(48%)	in	Group	2	were	given	an	allogeneic	blood	trans-
fusion	(p=0.381).	In	the	group	in	which	CSS	was	used,	there	was	
no correlation between the re-transfusion volume and the need 
for	allogeneic	blood	transfusion	(p=0.116).

Multiple regression analyses were conducted to determine 
the independent determinants of the use of allogeneic blood 
transfusion, which were also considered as dependent deter-
minants. Age, BMI, preoperative deformity, Hb, haematocrit 
and the use of CSS were included as potential independent 
variables. Single variable logistic regression analysis indicat-
ed that BMI, preoperative Hb and preoperative haematocrit 
variables affected the incidence of allogeneic blood transfu-
sion. These variables were included in the multiple logistic 
regression analysis and the results indicated that preopera-
tive Hb and BMI variables did not affect the use of alloge-
neic blood transfusion. While checking other variables, it was 
shown that one unit increase in BMI reduced the possibility of 
allogeneic	blood	transfusion	by	a	factor	of	0.95	(p=0.06)	and	a	
1 g/dL increase in preoperative Hb concentration reduced the 
possibility of allogeneic blood transfusion by a factor of 0.482 
(p:0.02).	Therefore,	high	BMI	or	high	preoperative	Hb	values	
were found to be related to a reduction in the incidence of al-
logeneic blood transfusion. In contrast, the use of allogeneic 
blood transfusion was not affected by age, total blood loss, 
degree of preoperative malalignment or the use of CSS.

The Pearson test was used to conduct the cost analysis in two 
different ways: evaluating the relation in re-transfusion and the 
relation in allogeneic blood transfusion. The average cost was 
300 TL in Group 1 and 110 TL in Group 2 These results were 
assessed	as	significant	in	statistical	comparison	(p=0.01).

Three patients complained of shivering in Group 1 and one 
patient had vomiting and chest pain following autotransfusion. 
These side effects declined after the transfusion ended. Before 
finishing	transfusion	the	volume	of	transfused	blood	was	re-
corded as the study value in these cases. Fever and nausea 
developed in four patients following allogeneic blood transfu-
sion. The transfusion volume in these patients was recorded as 
the study value before complaints arose. 

DISCUSSION

Autologous blood transfusion systems reduce the risk of in-
fection arising after allogeneic blood transfusion but they may 

also cause coagulation, infection and hemodynamic instability 
(4).	Although	the	use	of	CSS	can	reduce	the	need	for	allogene-
ic blood transfusion, contradictory results have been reported 
(4). In	their	randomized,	controlled	study,	Kirkos	et	al.	(8)	re-
ported that the haemoglobin values of the group given autolo-
gous transfusion were higher in the 8th and 24th hours and that 
less allogeneic transfusion was required. In a retrospective 
study	conducted	by	Moonen	et	al.	(9)	it	was	shown	that	only	
5.1% of the TKA patients needed allogeneic blood transfu-
sion and the authors concluded that autotransfusion plays an 
important role in arthroplasty. In another prospective random-
ized	clinical	study	conducted	by	Moonen	et	al.	(10),	the	allo-
geneic blood transfusion rate in TKA patients who were given 
autotransfusion was lower when compared to those who were 
not. This indicates that cell saver systems are an effective and 
reliable method that reduces the need for allogeneic transfu-
sion in primary TKA. However, other studies have reported 
contradictory	results.	Martin	and	von	Strempel	(11)	found	that	
re-transfusion of the blood collected from wound drains did 
not reduce the need for homologue blood transfusion. In their 
study, the allogeneic blood transfusion rate was lower in the 
group in which CSS was not used when compared to the group 
in which CSS was used. In another prospective randomized 
controlled study, the need for allogeneic blood transfusion 
was similar in patients who used and who did not use CSS 
(12).	Likewise,	in	a	prospective	study	by	Glynn	et	al.	(13)	it	
was concluded that the postoperative use of CSS did not affect 
the incidence of allogeneic blood transfusion. Likewise, the 
allogeneic blood transfusion rates in patients who used and 
who did not use CSS were similar in this study.
The	contradiction	between	the	findings	obtained	for	CSS	us-

ers	can	be	explained	as	follows.	The	preoperative	haemoglobin	
levels differed between studies. The inclusion of patients with 
high haemoglobin values reduced the need for blood transfu-
sion	in	the	postoperative	period.	Moonen	et	al.	(9)	stated	that	
the lack of relationship between allogeneic blood transfusion 
and re-transfusion did not originate from the tamponade-cre-
ating effect of haematoma that occurs postoperatively. This is 
probably because haematoma increases the blood volume of 
CSS drained due to vacuum.

In our study, the preoperative factors that stipulated the need 
for allogeneic blood transfusion were the Hb and BMI levels. 
The effect of preoperative Hb on allogeneic blood transfusion 
has	been	shown	in	many	studies	(4,	14).	In	some	studies,	pre-
operative Hb was the only factor that predicted the use of al-
logeneic	blood	transfusion	(14).	Jain	and	Jain	reported	that	a	
lower preoperative Hb level is related to an increased need for 
allogeneic	blood	transfusion	(15).	In	a	prospective	study	that	
audited primary TKA cases, patients with lower preoperative 
Hb	levels	required	more	allogeneic	blood	transfusion	(13).

On the other hand, opposing results have been reported by other 
studies.	In	their	prospective	empirical	study,	Strmper	et	al.	(16)	

Variable	 ABT	(+)	 ABT	(-)	 p	value
CSS	group	(n=37)	 9	(24%)	 28	(76%)	 >0.05
ABT	group	(n=39)	 15	(38%)	 24	(62%)	 >0.05
Total	(n=76)	 24	(31%)	 52	(69%)	
CSS:	cell	saver	system;	ABT:	allogeneic	blood	transfusion
The percentage in parentheses is the proportion of cases in each group 

TABLE 3. Relationship between use of CSS and use of ABT
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stated that there were no differences between the Hb concen-
trations of patients who did or did not receive allogeneic blood 
transfusion. On the other hand, in terms of BMI, there was no 
correlation with blood loss in which allogeneic blood transfu-
sion	during	TKA	was	not	examined	in	that	study	(17).	

The use of re-transfused blood has a risk of complications 
(18).	Handel	et	al.	(19)	reported	that	febrile	reaction	was	seen	
during autotransfusion in 3 of 81 patients. This was associated 
with an increased IL-6 level in the blood drained in the early 
postoperative	period.	Carless	et	al.	(20)	argued	that	autotrans-
fusion should be applied carefully due to problems such as air 
emboli,	 infection,	 nephrotoxicity,	metabolic	 hyperchloremic	
acidosis and disseminated intravascular coagulation. In the 
current study, two CSS patients reported shivering following 
re-transfusion and this was solved by ending re-transfusion.

The limitations of our study are the small size of our study 
groups	and	the	implementation	of	retrospective	examination.	
The average allogeneic blood transfusion rate in our study was 
24% in Group 1. This value is high when compared with pre-
viously	published	studies	(9,	10).	We	associate	this	with	the	
fact that the average preoperative haemoglobin values were 
low in our study. The preoperative BMI values of the patients 
in the study were lower than the BMI values in other stud-
ies	(4).	This	may	also	explain	the	high	transfusion	rate	in	our	
study. In addition to preoperative haemoglobin, we believe 
that low BMI may be a determining factor in the need for allo-
geneic blood transfusion. Our study covers the predetermined 
involving and non-involving criteria and we also made an ef-
fort to rationalize the data collection process.

In terms of cost analysis, the cost effectiveness of CSS was 
negative	in	TKA.	This	was	consistent	with	the	literature	(21,	
22).	However,	CSS	should	always	be	considered	particularly	
for patients having a low preoperative haemoglobin level and 
patients	who	experienced	side	effects	in	previous	blood	trans-
fusions. 

In conclusion, in our study we found that the use of CSS did 
not reduce the need for allogeneic blood transfusion and was 
more	expensive	in	terms	of	cost	analysis.	Therefore,	we	do	not	
recommend the routine use of autotransfusion systems. The 
use of CSS did not affect the incidence of allogeneic blood 
transfusion nor the volume of allogeneic blood transfusion. 
We	 found	 that	 preoperative	 Hb	 and	 BMI	 levels	 influenced	
the use of allogeneic blood transfusion. Therefore, the use of 
autotransfusion systems may only be useful in TKA patients 
with low Hb and BMI levels.
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