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ORIGINAL STUDY

Postoperative re-perfusion of drained blood in patients undergoing total knee
arthroplasty : Is it effective and cost-efficient ?
John M. KIRKOS, Christos Th. KRYSTALLIS, Panayotis A. KONSTANTINIDIS,
Kyriakos A. PAPAVASILIOU, Margaritis J. KYRKOS, Lazaros G. IKONOMIDIS

From the Aristotle University of Thessaloniki and the Kilkis General Hospital, Greece

The value of postoperative salvage and re-infusion of
drained blood was assessed in 155 patients undergoing total knee arthroplasty for primary knee
osteoarthritis. In group A (n = 77), standard vacuum
drains were used. In group B (n = 78), an auto-transfusion system was used and the blood drained within
6 hours postoperatively was re-infused. Group B
patients were further distributed into 2 subgroups, in
one of which methylprednisolone was administered
before blood re-perfusion. Patients who received
autologous blood had higher levels of haemoglobin at
8 hours (p < 0.05) and 24 hours postoperatively
(p < 0.01) and needed less allogeneic blood transfusion (p < 0.01). Methylprednisolone administration
was found to attenuate the postoperative febrile reaction (p = 0.01).
Keywords : blood drainage ; blood salvage ; autologous
transfusion ; cost effectiveness.

INTRODUCTION
Postoperative salvage and re-infusion of drained
blood through a re-transfusion device, has become
an attractive alternative to allogeneic transfusion,
particularly in patients undergoing primary Total
Knee Arthroplasty (TKA). The demand for blood
that is required in patients undergoing TKA, the
pressure that is exerted on blood banks mainly due
to road traffic accidents, as well as the fear of transfusion-related viral infections (8, 14, 20) have conActa Orthopædica Belgica, Vol. 72 - 1 - 2006

tributed to a more liberal use of this procedure.
Furthermore, the peri-operative transfusion of allogeneic blood has been found to increase the risk of
infection and also the risk of noninfectious complications in patients undergoing TKA such as
haemolytic, immunologic and allergic reactions (7,
13, 17-19, 21). The purpose of this prospective randomised controlled study was to evaluate the safety and efficacy of postoperative blood retrieval and
re-infusion in patients undergoing TKA. The effect
of this procedure on the patients’ haemoglobin
level and platelets count at 8 and 24 hours postoperatively and the patients’ febrile movement after
re-infusion of drained blood were also assessed.
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PATIENTS AND METHODS
This prospective randomised controlled study was
approved by the Hospital’s Scientific Research Board
and was conducted in accordance with the World
Medical Association Declaration of Helsinki of 1975, as
revised in 1983. During 2002 we performed 155 total
knee arthroplasties in patients with primary osteoarthritis of the knee. Preoperative evaluation of the patients
was based on the ASA system. The decision to use a
cemented or a non-cemented prosthesis was based on
the clinical features (pre- and intra-operatively) of each
patient, such as age, concomitant osteoporosis, anatomical axis of the affected knee, and bone stock quality.
Exclusion criteria were : 1. clinical signs of a systemic or local infection , 2. any malignant lesion near or
at the site of the operative drain, and 3. any disease of
the haemopoetic system or any disorder affecting blood
coagulation. Furthermore, re-infusion of autologous
blood with an auto-transfusion device was considered to
be contraindicated (‘additional exclusion criteria’) and
the patient was discarded from the study when a) the
drained blood was contaminated, b) local haemostatic
agents were used, and c) povidone-iodine or other local
antiseptics and antibiotics had been used in the operative
field.
The patients were randomly divided into two groups
(the first patient to participate in the study or Patient #1
was classified in group B, the second or Patient #2 in
group A and so on. If a group B patient was discarded
from the study during the operation (see ‘additional
exclusion criteria’), the next patient to participate in the
study was again classified in group B). The patients in
both groups were comparable with respect to their age
and gender.
Group A (n = 77) was used as a control group and
included 10 male and 67 female patients ; theirs ages
ranged from 53 to 79 years (mean age : 68.9 years).
Eleven cemented and 66 non-cemented prostheses were
implanted in group A patients. In all cases, the tourniquet used during the operation was released prior to
wound closure in order to achieve complete haemostasis. This was followed by the intra-articular placement
of two standard vacuum drain tubes.
Group B (n = 78) included 18 males and 60 females ;
their ages ranged from 55 to 86 years (mean age :
69.1 years). Twenty cemented and 58 non-cemented
prostheses were used in group B patients. A tourniquet
was also used during the operation ; it was released after
wound closure and application of a compression dressing. Two intra-capsular silicon drain tubes were placed
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and connected through a universal U connector with the
auto-transfusion system. No anticoagulant agent was
added in the system’s canister. The collection time for
blood re-infusion was limited to 6 hours in order to prevent bacterial contamination and any subsequent risk of
septicaemia (11).
The auto-transfusion system that was used is a
‘closed’ system of collection and re-infusion of blood
which contains a 260 micron pre-filter to prevent air and
marrow fatty material from passing through into the
transfusion bag. The system maintains a constant suction pressure of –90 mm Hg. The amount of blood that
was collected within the first six hours postoperatively
was transfused to the patients through a standard blood
transfusion set with a 40 µm micro-aggregate filter. A
standard 1000 ml blood transfer bag was connected to
the system in order to collect and re-transfuse the blood
by gravity.
Patients in both groups were operated on under spinal
anaesthesia, by the same surgical team. Low molecular
weight heparin was administered subcutaneously to all,
starting from the evening before surgery and daily after
operation. One preoperative dose was administered
12 hours before and the first postoperative dose 8 hours
after the operation. The drain tubes were removed at
48 hours postoperatively. The patients’ blood pressure
and heart rate were monitored during the first 24 postoperative hours. The haemoglobin and platelet levels
were evaluated preoperatively, at 8 and at 24 hours after
surgery. Patients with Hb level < 10 g/dl were transfused
with allogeneic blood. The patients’ temperature was
also recorded every 3 hours during the first 5 postoperative days.
As the salvaged autologous blood has been found to
contain a number of by-products from the destruction of
blood cells (11), we tried to evaluate the stabilising effect
of methylprednisolone on the blood cells’ membranes by
dividing group B patients into 2 subgroups. Subgroup B
I (n = 53) received 125 mg of methylprednisolone as an
intravenous bolus immediately after completion of the
operation and before re-infusion of the autologous
blood. The remaining 25 patients formed subgroup B II
and did not receive methylprednisolone.
The statistical analysis, at first, was a descriptive
analysis of all independent variables. All independent
variables (1. transfusion, 2. age, 3. gender, 4. units of
allogeneic blood transfused during operation and postoperatively, 5. use of cemented or non-cemented
prostheses, 6. haemoglobin level and platelets count preoperatively, at 8 h and at 24 h postoperatively, 7. duration and mean level of hyperthermia considering as a
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Table I. — Details of patients in groups A and B. The values are given as the means and standard deviations with the range of
minimum and maximum values in parentheses (Hb = haemoglobin, PLT = platelets)
RE-INFUSION OF DRAINED BLOOD

VARIABLE
YES (group B)

NO (group A)

TOTAL

AGE (years)

69.08 ± 5.45 (55-86)

68.88 ± 5.11 (53-79)

68.98 ± 5.27 (53-86)

MALE

18

10

28

FEMALE

60

67

127

Preoperative

13.03 ± 1.36 (9.4-15.8)

13.13 ± 1.41 (9.2-17.4)

13.08 ± 1.38 (9.2-17.4)

Hb (mg/dl)

8h

11.37 ± 1.25 (8.7-14.3)

10.85 ± 1.46 (7-14.8)

11.11 ± 1.38 (7-14.8)

24 h

10.67 ± 1.32 (8.1-13.7)

10.02 ± 1.37 (7.1-14.2)

10.35 ± 1.38 (7.1-14.2)

Preoperative

246.6 ± 58.34 (146-425)

259.13 ± 62.48 (146-412)

252.07 ± 60.21 (146-425)

8h

194 ± 43.25 (105-307)

207.29 ± 58.45 (113-388)

199.81 ± 50.62 (105-388)

24 h

184.53 ± 42.50 (128-328)

198.24 ± 62.67 (100-427)

190.52 ± 52.49 (100-427)

Units during operation

0

0.57 ± 0.938 (0-4)

0.57 ± 0.938 (0-4)

Units postoperatively

0.54 ± 0.86 (0-4)

1.06 ± 1.174 (0-4)

0.80 ± 1.06 (0-4)

PLT (*103/mm3)

Blood re-infused (ml)

686.5 ± 205.12 (300-1250)

0

686.5 ± 205.12 (300-1250)

Cemented/non-cemented prosthesis

20/58

11/66

31/124

Methylprednisolone
Yes = B I/No = B II

53/25

0/0

53/25

Days with fever

1.05 ± 1.413 (0-5)

1.48 ± 1.56 (0-5)

1.27 ± 1.5 (0-5)

Fever (C°)

38.31 ± 0.34 (38-39.5)

38.40 ± 0.43 (38-40)

38.36 ± 0.39 (38-40)

‘threshold’ 38°C) were next correlated using Cross-tabulation and Bivariate correlation of Pearson and
Spearman. The statistically significant correlated values
were included in the regression analysis. The random
distribution of individual values was checked by the
‘RUNS test’ (values higher than the default value of
0.05). The Kolmogorov-Smirnov test was also used to
assess the normal distribution of the values recorded.
Data processing was performed with the use of the SPSS
program (version 11.5) for Windows.

RESULTS
Patients in group A received peri-operatively
0.57 and postoperatively 1.06 units of blood on
average per patient (table I). Any blood transfusion
that took place either after release of the tourniquet
in the operation room or during the short stay (1 to
2 hours) in the postoperative care unit was categorised as ‘peri-operative’. An average of
1.61 units per patient was transfused in this group.
As a standard procedure, 125 mg of methylprednisolone was administered to all patients in
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group A, prior to the blood transfusion, in order to
prevent anaphylactic reactions to the allogeneic
blood.
The amount of salvaged and re-infused blood in
group B patients ranged from 300 to 1250 cc
(mean : 686.5 cc or 2.3 units per patient). There
was no need for peri-operative allogeneic transfusion in any of group ‘B’ patients. An average of
0.54 unit of allogeneic blood per patient was transfused postoperatively in this group.
The preoperative haemoglobin levels in group A
patients ranged from 9.2 to 17.4 g/dl (mean value :
13.13 g/dl). The postoperative levels ranged from 7
to 14.8 g/dl (mean value : 10.85 g/dl) at 8 hours
after surgery and from 7.1 to 14.2 g/dl (mean :
10.02 g/dl) at 24 hours postoperatively.
The preoperative haemoglobin level in group B
patients ranged from 9.4 to 15.8 g/dl (mean value :
13.03 g/dl). Their postoperative levels ranged from
8.7 to 14.3 g/dl (mean : 11.37 g/dl) at 8 hours after
surgery and from 8.1 to 13.7 g/dl (mean of
10.67 g/dl) at 24 hours postoperatively.
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Forty seven patients in group A developed
hyperthermia up to 40°C for a period of 3 to 5 days.
One patient responded to blood transfusion with a
positive Wright serum reaction, another presented a
pulmonary embolism and two developed allergic
reactions.
Thirty nine patients in group ‘B’ developed
hyperthermia up to 39.5°C ; 25 out of 53 patients in
subgroup B I (fever up to 38.5°C) and 14 out of
25 patients in subgroup B II (fever up to 39.5°C for
3 to 5 days). Four complications were noted in
group B patients. One patient presented severe
haemolysis. Clotting occurred in the auto-transfusion system canister in three patients.
Statistical analysis showed a significant positive
or negative correlation between auto-transfusion
(or not) and the following variables : 1. number of
allogeneic blood units that were transfused postoperatively (p < 0.01), 2. Hb level at 8 hours postoperatively (p < 0.05), 3. Hb level at 24 hours postoperatively (p < 0.01). Group B patients received
fewer units of allogeneic blood postoperatively
(mean : 0.54 in group B versus 1.06 in group A)
and had higher levels of haemoglobin postoperatively (p < 0.01) (table I, fig 1).
The mean level of hyperthermia was lower
(38.1°C) in group B compared to group A patients
(38.4°C) and the duration of hyperthermia was
shorter (mean value in group B : 1.05 days, versus
1.48 days in group A). Statistical analysis showed
that methylprednisolone administration prior to reinfusion of shed blood decreased the mean level of
hyperthermia (p = 0.01) during the postoperative
period.
Female gender had a slightly negative correlation with the haemoglobin level pre-operatively (p
= 0.05) and 8 hours postoperatively (p = 0.01).
Female patients also needed more units of allogeneic blood than males. With increasing age,
patients had lower Hb levels at 8 and at 24 hours (p
= 0.01) postoperatively. The type of prostheses
used (cemented or not) did not appear to affect the
amount of blood loss (fig 1).
Furthermore the following statistical correlations were found : 1. the amount of blood that was
re-infused positively influenced the Hb level at
8 hours post-operatively (p = 0.01) ; 2. the pre-
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Fig. 1. — Numbers of blood units (both autologous and
allogeneic) that were transfused postoperatively in group A
and group B patients.

operative Hb level had a negative correlation with
the number of blood units that were needed postoperatively (p < 0.05), and 3. the number of units
of allogeneic blood that were used had a positive
correlation with the postoperative Hb measured at
8 and 24 hours (p < 0.05).
DISCUSSION
Transfusion of autologous blood has been used
during recent years in both elective and emergency
orthopaedic operations, mainly as a means of
avoiding potential hazards associated with allogeneic blood transfusion. Even though the risk of
transmission-related diseases has been dramatically diminished, auto-transfusion remains an attractive alternative to allogeneic transfusion, owing to
the increasing pressure that is exerted on blood
banks and to the risk of transfusion-related
immunomodulation.
Blood transfusion is a rather expensive medical
procedure, considering the lack of blood supplies
and the need for screening for a number of infectious diseases. It is rather difficult to evaluate the
Acta Orthopædica Belgica, Vol. 72 - 1 - 2006
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actual cost of blood transfusion, especially when
taking into account possible transfusion-related
infections. It has been calculated in our country
that every blood unit costs approximately € 145.
Each patient in group B received approximately
2.3 units of autologous blood, with an approximate
mean cost reduction of € 333.5 which more than
covered the cost of the autologous blood drainage
and transfusion device, which was € 171.
It appears that the best predictor for the need for
post-operative transfusion is the pre-operative Hb
level (1). This is also well documented in our study.
The saving of blood and the diminished need for
allogeneic blood transfusion, when an auto-transfusion device is used, has been established in numerous studies. Martin et al (13) reported in a series of
197 patients undergoing TKA, that 59% of the
mean volume of the postoperative blood loss (i.e.
the blood that was collected in the re-transfusion
device) in unilateral and 56% in bilateral TKA was
recovered and re-infused with the use of an autotransfusion system. Han and Sin (9) reported that
57% of the mean volume of the overall external
blood loss (intra- and postoperative) and 74% of
the mean volume of the postoperatively drained
blood was re-infused in 39 patients that underwent
unilateral TKA, and 59% and 79% respectively in
12 patients that underwent bilateral TKA. Newman
et al (16) performed a randomised controlled study
in order to evaluate the efficacy of a blood-saving
and re-transfusion procedure. They reported that
only 7 units of bank blood were used in the re-infusion group, compared with 50 in the control group
(p < 0.001), which represented an overall saving of
86%.
The evaluation of a blood salvage and re-transfusion procedure in patients undergoing total knee
arthroplasty for primary osteoarthritis is not an
easy task. It is indeed impossible to conduct such a
study in a completely blinded manner (16). It also
appears that the amount of blood retrieved and retransfused is unpredictable (in our series, it ranged
from 300 to 1250 ml). In fact many patients still
needed allogeneic blood transfusion despite the
fact that they were transfused with autologous
blood. Nevertheless the need for allogeneic blood
was significantly lower (p < 0.01) in these patients.
Acta Orthopædica Belgica, Vol. 72 - 1 - 2006

The trigger point for allogeneic transfusion
which was set in our study at 10 g/dl Hb is another
weak point, which has certainly increased the number of units of allogeneic blood that were required
postoperatively. During the time that our study was
conducted, the standard procedure that was followed in our Department was to transfuse a patient
whenever the Hb level dropped below the value of
10 g/dl. This should however not interfere with our
conclusions, as the same transfusion trigger
(10 g/dl) was used in both groups. With a lower
transfusion trigger, the need for allogeneic blood
transfusion would have also been less, and this
could have reduced the difference in the need for
allogeneic blood transfusion between group A and
B patients. In fact, over the last two years, this
threshold has been lowered to 9 g/dl or even
less (10) when the patient is haemodynamically stable and symptom free.
One more weak point in this study is the fact that
the tourniquet was released before wound closure
in group A and after wound closure in group B.
This may have affected external blood loss in various ways, as tourniquet release before wound closure will increase blood loss, but on the other hand
it also allows for better haemostasis (4).
The complications that occurred in 4 out of 78
group B patients were noted when an attempt was
made to reduce the diameter of the drain tubes in
order to decrease the size of the large exit portals.
This possibly resulted in increased damage to the
red cells membranes . We therefore believe that the
use of large exit portals is preferable.
Jensen et al (11) and Dalen et al (5) reported that
the drained blood contains histamine, eosinophil
cationic protein, eosinophil protein X, myeloperoxidase, plasminogen activator inhibitor type 1, activated complement factor C3 and various coagulation factors and split products. The drained blood is
defibrinated and can be collected without the addition of anticoagulant factors and drugs (6, 9, 15). In
our study, no anticoagulant was added in the reservoir and in contrast to several other articles (6, 9, 15)
we noted hyperthermia up to 39.5°C in 38 patients.
As the causes of febrile reactions were unknown,
the most likely explanation is either a reaction to
the by- products derived from the destroyed cells or
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the effect of some exogenous pyrogens. Febrile
reactions have also been reported by Martin et
al (15) during the auto-transfusion procedure. The
administration of methylprednisolone prior to reinfusion of salvaged blood attenuated the febrile
reaction (mean level and duration of hyperthermia).
Subgroup B I patients that received methylprednisolone prior to the auto-transfusion responded
better than subgroup BII patients (p = 0.01).
The re-infusion of drained blood in patients
undergoing total knee arthroplasty has been shown
to be a safe method that minimises the risk of transfusion-related infectious diseases and the need for
allogeneic blood. However, other efficient methods
are also available to reduce the need for allogeneic
blood in patients undergoing TKA. Fibrinolysis
inhibition with tranexamic acid administered
before tourniquet release and 3 hours postoperatively, intra-operative use of high dose aprotinin,
pre-operative donation of autologous blood and fibrin based sprays also have documented efficiency,
as well as preoperative administration of erythropoietin to increase the red cell stock (2, 3, 12).
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