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DONORTM autologous blood reinfusion system 
clinical updates, clinical reviews and brochures

DONOR is a concept of Van Straten Medical with the use of exclusive Pall fil-
ter technology. Manufactured by Medinorm AG.

Dynamic Haemolysis Testing of the Vacuum Suction of
DONOR ™ Pre-Evacuated Post-Operative Autologous
Blood Reinfusion System

Elise Maynard and Angela Seacombe 
Scientific and Laboratory Services, Pall Europe Ltd, Portsmouth

The DONOR™ reinfusion system is a constant vacuum, closed wound drainage
system, consisting of : 
• 800 mL chlorine free pre-evacuated collection container 
• vacuum regulator
• connector tube with slide clamp and anti-reflux valve and connector
• air vent with 0.2 µm hydrophobic membrane filter and breakaway
• integrated injection port
• scalpel tipped trocar with pre-attached wound drains
• 600 mL pre-evacuated replacement collection container

and is indicated for drainage of blood from wounds and body cavities with sub-
sequent filtration and reinfusion using the PALL LipiGuard™ VS Filter Set.

The following investigation was performed to demonstrate that clinically signifi-
cant haemolysis is not caused during the aspiration process. A total of 10
DONOR collection and replacement vessels were tested.

NB. Testing was performed according to ANSI/AAMI AT6-1991 section 4.1.3
K1, K5, K6 and K7, with the exception that whole blood (WB) was aspirated
directly from the donor bag (at room temperature).

• Test Blood
1-2 day old, allogeneic, non-leucoreduced WB, with a haemoglobin content of
12g ± 2g/100mL. Blood age and temperature was recorded.

WB unit was sampled, volume recorded and analysis performed for plasma
haemoglobin (Hb, see determination section) and full blood count (FBC - using
a Sysmex K1000 automated cell analyser, Milton Keynes, UK).

WB unit was weighed after sampling and aspiration, and the collection system
was weighed before and after aspiration.

WB unit was aspirated into the collection vessel according to the manufactur-
er’s instructions for use, the volume was recorded and sample analysis was
performed. 

Time taken for expression to complete was recorded, and the system left static
for 6 hours before mixing well and taking final samples.

• Plasma Haemoglobin Determination
Hb has a characteristic absorption density at 576nm although the presence of
bilirubin and other pigments does not give a true representative result.
Measurement of optical density at 560nm, 576nm and 592nm allows for cor-
rection of this non-specific absorption.

Sample Preparation
Samples were centrifuged at 1141g, 22°C for 10 minutes. The supernatant was
carefully removed and placed into a clean plastic test tube. Samples were cen-
trifuged again as above and the supernatant transferred to a clean plastic test-
tube.

Introduction

Materials and Methods

Results 

Mean flow-rate, as shown in Table 1, was 216-220 mL/min for the replacement
and collection vessels respectively, with no flow-restrictors in the tubing.

Plasma Hb data, pre and post aspiration, for the collection and replacement
vessels are shown in Table 2 and 3 respectively. There was no clinically signifi-
cant Hb increase following aspiration either immediately, or after 6 hours static
hold. Mean plasma Hb was <7.0mg/dL (<0.05 mM/L) and % haemolysis was
below 0.8% of red cell mass.

Discussion

Section 4.1.3 of ANSI/AAMI AT6-1991 states that in view of the number of
variables likely to be encountered in a clinical situation, the manufacturer cannot
be expected to make precise claims as to aspiration and reinfusion capacities
of the device under the conditions of use. Any testing should reflect maximum
pressures (or vacuum) and include all the relevant components of the system.
Under these conditions, there was no significant increase in haemolysis of aspi-
rated components when using the DONOR™ collection or replacement ves-
sels.

The Guide to the Preparation, Use and Quality Assurance of Blood
Components requires haemolysis to be <0.8% of red cell mass at the end of
storage. Although this guideline does not directly apply to autologous dona-
tions, it is interesting to note that, under the test conditions described in this
report, the DONOR System complies to these stringent specifications.

Sample Analysis
The spectrophotometer was blanked with phosphate buffered saline and optical
densities (OD) were read at 576, 560 and 592nm.

A single OD was calculated using the formula 2y-(x+z) to calculate a reading
where y=576nm, x=560nm and z=592nm, and the free plasma Hb concentra-
tion was determined from a standard curve.
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Purpose

To confirm the in-vitro performance characteristics of the DONOR™ Autologous
Blood Reinfusion System.

Summary

Flow-rate – this was controlled during testing to give a 
range of both clinical flows i.e. 2 - 12 mL/min 
and free flow i.e. approx. 20-60 mL/min

DONOR ™ System Recovery – mean approx. 80%. This weight loss also 
included the removal of macroscopic clots

Leucocyte Reduction – mean > 81%

Lipid Droplet Removal – mean 96% - 100 % for lipid droplets >10 µm in
size

Plasma Haemoglobin – < 0.1 mM/L

SAFE BLOOD RECOVERY
+  SAFE BLOOD REINFUSION

= THE DONOR™ SYSTEM

DONOR is a concept of Van Straten Medical with the use of
exclusive Pall filter technology. Manufactured by Medinorm AG.

Pre-Filtration Post-Filtration   

PLT x  RBC x WBC x PLT x RBC x WBC x 
10E+09/L 10E+12/L 10E+09/L  10E+09/L  10E+12/L  10E+09/L  

Min 19 1.15 1.0 17 0.72 0.1 
Max 66 3.93 9.8 52 3.97 < 1.8  
Mean 38 2.64 3.9 29 2.56 < 0.9  

PLT = Platelets  
RBC=Red Blood Cells  
WBC=White Blood Cells
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DONORTM

VS1

Self-levelling
drip chamber

Collection
bag

Haemoglobin Pre- Post-
Measurement Filtration Filtration

Total Hb (mM/L) 4.7 4.7

Plasma Hb (mM/L) 0.08 0.10

Haematocrit  (%) 23 22

(figure 1)

Haemoglobin content (table 2)

WBC reduction (graph 1)

C3a reduction (graph 3)

Full blood count data summary (table 1)

Lipid droplet size distribution (graph 2)

YOUR PARTNER IN BLOOD MANAGEMENT

DONORTM BLOOD REINFUSION SYSTEM
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Figure 5 –  Vacuum-volume curves intermittent versus   
     continuous drainage systems [4]

  There is another major difference between continuous 
and intermittent systems. With the exception of the pre-evacuated 
Medinorm systems, it was found that the vacuum/volume curves 
presented by other manufacturers did not fully correspond with 
the measurements of Rudberg [4]. Measured vacuum/volume 
curves were irregular and do not show a smooth and gradual 
decline in the vacuum pressure during fi lling. The vacuum level 
decreases rapidly just after starting the drainage process (see 
fi gure 4.1 and 4.2). 

  

  

  In fi gure 5 the measured vacuum/volume curve of the 
continuous closed suction drainage systems (Medinorm) are 
included. The curves show a smoother and more reliable suction 
drainage. A low vacuum continuous system would show the 
same shape as the high vacuum system, but starting at a lower 
vacuum level.

  

  Convincing evidence supports the use of continuous 
devices [4-9]. It can be concluded from the reported studies that 
postoperative continuous closed suction drainage should be used 
with most surgeries and that the intermittent drainage technique 
should be abandoned. Intermittent drainage systems might only 
be used when very small amounts of wound fl uid are expected 
or when drainage time is very low, such that reactivation of the 
device is not necessary. 

Optimal suction level
  The effect of closed suction drainage systems depends 
on a continuous vacuum level and on the level of vacuum itself. 
Several studies investigated the difference between low and high 
vacuum drainage in several surgical areas. One study lists clear 
recommendations for the vacuum level in various cases (see table 
3). Fay investigated the role of wound drainage systems in wound 

SCIENTIFIC REVIEW    POSTOPERATIVE WOUND DRAINAGE METHODS

Figure 4.1 – Vacuum-volume curves of intermittent 
     drainage systems [4]

Table 3 - Recommended vacuum levels

RECOMMENDED VACUUM LEVEL PRESSURE [MMHG]

Delicate tissue 25 - 74

Heavier exudates or where large areas of dead space must be reduced 75 - 250

To encourage active adhesion formation between healing surfaces 200 - 400

To open drain occlusions or to move large volumes of fl uid quickly 250 - 350

healing and concluded that regardless of the drainage system, it 
should be able to apply the appropriate negative pressure [10]. A 
too high vacuum level in a specifi c case could cause damage to 
tissue. It could also cause excessive drainage by sucking blood 
from vessels. 

  The variations of drainage methods between surgeries 
during the drainage process itself as well as variation in vacuum 
level could affect the outcomes. Adjustable vacuum levels would 
have the major advantage that vacuum levels can be precisely 
regulated to fi t the suction drainage, which is needed for each 
patient. Suction levels can be generally established by the surgeon, 
and the decision should be based on the material and area to be 
evacuated [10]. Clamping the drainage process in the fi rst hours 
(delayed release of drainage) might possibly reduce the drainage 
volume, but there is still no evidence of any signifi cant advantages 
of clamping drainage after total knee arthroplasty [11]. The 
question still remains, whether adaptation of the vacuum level 
during the postoperative process would result in improved wound 
healing. Further research is necessary to fi nd the best vacuum level 
over time during the drainage process for each type of surgery.
  This shows that surgeons should be aware and have 
knowledge of the drainage system used; including its scientifi c 
proved advantages or disadvantages.

Drainage time
  An important question using closed suction drainage 
systems is how long the drain should stay in the wound. In many 
hospitals, drains were removed if the collected fl uid within 24 
hours is less than 25/50 ml or when the system has stopped 
serving the desired function.

  Benoni et al. showed that high vacuum levels used in 
orthopaedics caused damage to tissues, especially if they are left 
in place for more than 24 hours [12]. This could be solved by 
removing the drain within that period. It was found that spread 
of microorganisms was seen after 24 hours of drainage. This was 
confi rmed by other studies [13-14]. Willet reported already in 
1988, that deep suction drains should be removed at the earliest 
time when aspiration has been completed, and certainly 24 hours 

postoperatively. Failure to do so may subject the patient to an 
increased risk of bacterial retrograde migration into the wound 
without any signifi cant decrease of haematoma formation [15]. 
In a critical editorial, Barie recommended: “if you decide to use 
drains, remove them after 24 - 48 hours - don’t wait for some 
arbitrary volume below which the drainage has decreased” [16]. 
These conclusions show that closed suction drainage systems 
in orthopaedic surgery should be removed preferably within 24 
hours. 
  
  Barton et al compared early drain removal in women 
undergoing mastectomy on the second postoperative day to 
removal when drainage volume was less than 30 mL in 24 hours 
or on the 14th postoperative day [17]. Early drainage removal 
seemed not benefi cial and resulted in increased risk of seromas 
requiring further treatment. In a meta-analysis Droeser et al. 
concluded that short-term use of drainage after axillary lymph 
node dissection does not lead to an increase in wound infections 
and is associated with shorter hospital stay [18].
  
  For other applications drainage time should be 
determined per specialisation and per surgeon.

Variation in situations
  Not all situations are the same or comparable. The 
outcome parameters for a certain type of surgery depend also on 
external variables that could affect the drainage process. First, 
there is variation between patients (like age, BMI and gender) 
and, secondly, each surgery is different in surgical technique 
and characteristics. These issues will ultimately determine the 
decision of the surgeon. Understanding these aspects is necessary 
in every situation in order to determine whether drainage should 
be applied and, if so, how that should be done.
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Figure 5 –  Vacuum-volume curves intermittent versus   
     continuous drainage systems [4]

  There is another major difference between continuous 
and intermittent systems. With the exception of the pre-evacuated 
Medinorm systems, it was found that the vacuum/volume curves 
presented by other manufacturers did not fully correspond with 
the measurements of Rudberg [4]. Measured vacuum/volume 
curves were irregular and do not show a smooth and gradual 
decline in the vacuum pressure during fi lling. The vacuum level 
decreases rapidly just after starting the drainage process (see 
fi gure 4.1 and 4.2). 

  

  

  In fi gure 5 the measured vacuum/volume curve of the 
continuous closed suction drainage systems (Medinorm) are 
included. The curves show a smoother and more reliable suction 
drainage. A low vacuum continuous system would show the 
same shape as the high vacuum system, but starting at a lower 
vacuum level.

  

  Convincing evidence supports the use of continuous 
devices [4-9]. It can be concluded from the reported studies that 
postoperative continuous closed suction drainage should be used 
with most surgeries and that the intermittent drainage technique 
should be abandoned. Intermittent drainage systems might only 
be used when very small amounts of wound fl uid are expected 
or when drainage time is very low, such that reactivation of the 
device is not necessary. 

Optimal suction level
  The effect of closed suction drainage systems depends 
on a continuous vacuum level and on the level of vacuum itself. 
Several studies investigated the difference between low and high 
vacuum drainage in several surgical areas. One study lists clear 
recommendations for the vacuum level in various cases (see table 
3). Fay investigated the role of wound drainage systems in wound 
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Table 3 - Recommended vacuum levels

RECOMMENDED VACUUM LEVEL PRESSURE [MMHG]

Delicate tissue 25 - 74

Heavier exudates or where large areas of dead space must be reduced 75 - 250

To encourage active adhesion formation between healing surfaces 200 - 400

To open drain occlusions or to move large volumes of fl uid quickly 250 - 350

healing and concluded that regardless of the drainage system, it 
should be able to apply the appropriate negative pressure [10]. A 
too high vacuum level in a specifi c case could cause damage to 
tissue. It could also cause excessive drainage by sucking blood 
from vessels. 

  The variations of drainage methods between surgeries 
during the drainage process itself as well as variation in vacuum 
level could affect the outcomes. Adjustable vacuum levels would 
have the major advantage that vacuum levels can be precisely 
regulated to fi t the suction drainage, which is needed for each 
patient. Suction levels can be generally established by the surgeon, 
and the decision should be based on the material and area to be 
evacuated [10]. Clamping the drainage process in the fi rst hours 
(delayed release of drainage) might possibly reduce the drainage 
volume, but there is still no evidence of any signifi cant advantages 
of clamping drainage after total knee arthroplasty [11]. The 
question still remains, whether adaptation of the vacuum level 
during the postoperative process would result in improved wound 
healing. Further research is necessary to fi nd the best vacuum level 
over time during the drainage process for each type of surgery.
  This shows that surgeons should be aware and have 
knowledge of the drainage system used; including its scientifi c 
proved advantages or disadvantages.

Drainage time
  An important question using closed suction drainage 
systems is how long the drain should stay in the wound. In many 
hospitals, drains were removed if the collected fl uid within 24 
hours is less than 25/50 ml or when the system has stopped 
serving the desired function.

  Benoni et al. showed that high vacuum levels used in 
orthopaedics caused damage to tissues, especially if they are left 
in place for more than 24 hours [12]. This could be solved by 
removing the drain within that period. It was found that spread 
of microorganisms was seen after 24 hours of drainage. This was 
confi rmed by other studies [13-14]. Willet reported already in 
1988, that deep suction drains should be removed at the earliest 
time when aspiration has been completed, and certainly 24 hours 

postoperatively. Failure to do so may subject the patient to an 
increased risk of bacterial retrograde migration into the wound 
without any signifi cant decrease of haematoma formation [15]. 
In a critical editorial, Barie recommended: “if you decide to use 
drains, remove them after 24 - 48 hours - don’t wait for some 
arbitrary volume below which the drainage has decreased” [16]. 
These conclusions show that closed suction drainage systems 
in orthopaedic surgery should be removed preferably within 24 
hours. 
  
  Barton et al compared early drain removal in women 
undergoing mastectomy on the second postoperative day to 
removal when drainage volume was less than 30 mL in 24 hours 
or on the 14th postoperative day [17]. Early drainage removal 
seemed not benefi cial and resulted in increased risk of seromas 
requiring further treatment. In a meta-analysis Droeser et al. 
concluded that short-term use of drainage after axillary lymph 
node dissection does not lead to an increase in wound infections 
and is associated with shorter hospital stay [18].
  
  For other applications drainage time should be 
determined per specialisation and per surgeon.

Variation in situations
  Not all situations are the same or comparable. The 
outcome parameters for a certain type of surgery depend also on 
external variables that could affect the drainage process. First, 
there is variation between patients (like age, BMI and gender) 
and, secondly, each surgery is different in surgical technique 
and characteristics. These issues will ultimately determine the 
decision of the surgeon. Understanding these aspects is necessary 
in every situation in order to determine whether drainage should 
be applied and, if so, how that should be done.
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and intermittent systems. With the exception of the pre-evacuated 
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presented by other manufacturers did not fully correspond with 
the measurements of Rudberg [4]. Measured vacuum/volume 
curves were irregular and do not show a smooth and gradual 
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continuous closed suction drainage systems (Medinorm) are 
included. The curves show a smoother and more reliable suction 
drainage. A low vacuum continuous system would show the 
same shape as the high vacuum system, but starting at a lower 
vacuum level.

  

  Convincing evidence supports the use of continuous 
devices [4-9]. It can be concluded from the reported studies that 
postoperative continuous closed suction drainage should be used 
with most surgeries and that the intermittent drainage technique 
should be abandoned. Intermittent drainage systems might only 
be used when very small amounts of wound fl uid are expected 
or when drainage time is very low, such that reactivation of the 
device is not necessary. 

Optimal suction level
  The effect of closed suction drainage systems depends 
on a continuous vacuum level and on the level of vacuum itself. 
Several studies investigated the difference between low and high 
vacuum drainage in several surgical areas. One study lists clear 
recommendations for the vacuum level in various cases (see table 
3). Fay investigated the role of wound drainage systems in wound 

SCIENTIFIC REVIEW    POSTOPERATIVE WOUND DRAINAGE METHODS

Figure 4.1 – Vacuum-volume curves of intermittent 
     drainage systems [4]

Table 3 - Recommended vacuum levels

RECOMMENDED VACUUM LEVEL PRESSURE [MMHG]

Delicate tissue 25 - 74

Heavier exudates or where large areas of dead space must be reduced 75 - 250

To encourage active adhesion formation between healing surfaces 200 - 400

To open drain occlusions or to move large volumes of fl uid quickly 250 - 350

healing and concluded that regardless of the drainage system, it 
should be able to apply the appropriate negative pressure [10]. A 
too high vacuum level in a specifi c case could cause damage to 
tissue. It could also cause excessive drainage by sucking blood 
from vessels. 

  The variations of drainage methods between surgeries 
during the drainage process itself as well as variation in vacuum 
level could affect the outcomes. Adjustable vacuum levels would 
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regulated to fi t the suction drainage, which is needed for each 
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and the decision should be based on the material and area to be 
evacuated [10]. Clamping the drainage process in the fi rst hours 
(delayed release of drainage) might possibly reduce the drainage 
volume, but there is still no evidence of any signifi cant advantages 
of clamping drainage after total knee arthroplasty [11]. The 
question still remains, whether adaptation of the vacuum level 
during the postoperative process would result in improved wound 
healing. Further research is necessary to fi nd the best vacuum level 
over time during the drainage process for each type of surgery.
  This shows that surgeons should be aware and have 
knowledge of the drainage system used; including its scientifi c 
proved advantages or disadvantages.

Drainage time
  An important question using closed suction drainage 
systems is how long the drain should stay in the wound. In many 
hospitals, drains were removed if the collected fl uid within 24 
hours is less than 25/50 ml or when the system has stopped 
serving the desired function.

  Benoni et al. showed that high vacuum levels used in 
orthopaedics caused damage to tissues, especially if they are left 
in place for more than 24 hours [12]. This could be solved by 
removing the drain within that period. It was found that spread 
of microorganisms was seen after 24 hours of drainage. This was 
confi rmed by other studies [13-14]. Willet reported already in 
1988, that deep suction drains should be removed at the earliest 
time when aspiration has been completed, and certainly 24 hours 

postoperatively. Failure to do so may subject the patient to an 
increased risk of bacterial retrograde migration into the wound 
without any signifi cant decrease of haematoma formation [15]. 
In a critical editorial, Barie recommended: “if you decide to use 
drains, remove them after 24 - 48 hours - don’t wait for some 
arbitrary volume below which the drainage has decreased” [16]. 
These conclusions show that closed suction drainage systems 
in orthopaedic surgery should be removed preferably within 24 
hours. 
  
  Barton et al compared early drain removal in women 
undergoing mastectomy on the second postoperative day to 
removal when drainage volume was less than 30 mL in 24 hours 
or on the 14th postoperative day [17]. Early drainage removal 
seemed not benefi cial and resulted in increased risk of seromas 
requiring further treatment. In a meta-analysis Droeser et al. 
concluded that short-term use of drainage after axillary lymph 
node dissection does not lead to an increase in wound infections 
and is associated with shorter hospital stay [18].
  
  For other applications drainage time should be 
determined per specialisation and per surgeon.

Variation in situations
  Not all situations are the same or comparable. The 
outcome parameters for a certain type of surgery depend also on 
external variables that could affect the drainage process. First, 
there is variation between patients (like age, BMI and gender) 
and, secondly, each surgery is different in surgical technique 
and characteristics. These issues will ultimately determine the 
decision of the surgeon. Understanding these aspects is necessary 
in every situation in order to determine whether drainage should 
be applied and, if so, how that should be done.
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included. The curves show a smoother and more reliable suction 
drainage. A low vacuum continuous system would show the 
same shape as the high vacuum system, but starting at a lower 
vacuum level.

  

  Convincing evidence supports the use of continuous 
devices [4-9]. It can be concluded from the reported studies that 
postoperative continuous closed suction drainage should be used 
with most surgeries and that the intermittent drainage technique 
should be abandoned. Intermittent drainage systems might only 
be used when very small amounts of wound fl uid are expected 
or when drainage time is very low, such that reactivation of the 
device is not necessary. 

Optimal suction level
  The effect of closed suction drainage systems depends 
on a continuous vacuum level and on the level of vacuum itself. 
Several studies investigated the difference between low and high 
vacuum drainage in several surgical areas. One study lists clear 
recommendations for the vacuum level in various cases (see table 
3). Fay investigated the role of wound drainage systems in wound 
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too high vacuum level in a specifi c case could cause damage to 
tissue. It could also cause excessive drainage by sucking blood 
from vessels. 
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level could affect the outcomes. Adjustable vacuum levels would 
have the major advantage that vacuum levels can be precisely 
regulated to fi t the suction drainage, which is needed for each 
patient. Suction levels can be generally established by the surgeon, 
and the decision should be based on the material and area to be 
evacuated [10]. Clamping the drainage process in the fi rst hours 
(delayed release of drainage) might possibly reduce the drainage 
volume, but there is still no evidence of any signifi cant advantages 
of clamping drainage after total knee arthroplasty [11]. The 
question still remains, whether adaptation of the vacuum level 
during the postoperative process would result in improved wound 
healing. Further research is necessary to fi nd the best vacuum level 
over time during the drainage process for each type of surgery.
  This shows that surgeons should be aware and have 
knowledge of the drainage system used; including its scientifi c 
proved advantages or disadvantages.

Drainage time
  An important question using closed suction drainage 
systems is how long the drain should stay in the wound. In many 
hospitals, drains were removed if the collected fl uid within 24 
hours is less than 25/50 ml or when the system has stopped 
serving the desired function.

  Benoni et al. showed that high vacuum levels used in 
orthopaedics caused damage to tissues, especially if they are left 
in place for more than 24 hours [12]. This could be solved by 
removing the drain within that period. It was found that spread 
of microorganisms was seen after 24 hours of drainage. This was 
confi rmed by other studies [13-14]. Willet reported already in 
1988, that deep suction drains should be removed at the earliest 
time when aspiration has been completed, and certainly 24 hours 

postoperatively. Failure to do so may subject the patient to an 
increased risk of bacterial retrograde migration into the wound 
without any signifi cant decrease of haematoma formation [15]. 
In a critical editorial, Barie recommended: “if you decide to use 
drains, remove them after 24 - 48 hours - don’t wait for some 
arbitrary volume below which the drainage has decreased” [16]. 
These conclusions show that closed suction drainage systems 
in orthopaedic surgery should be removed preferably within 24 
hours. 
  
  Barton et al compared early drain removal in women 
undergoing mastectomy on the second postoperative day to 
removal when drainage volume was less than 30 mL in 24 hours 
or on the 14th postoperative day [17]. Early drainage removal 
seemed not benefi cial and resulted in increased risk of seromas 
requiring further treatment. In a meta-analysis Droeser et al. 
concluded that short-term use of drainage after axillary lymph 
node dissection does not lead to an increase in wound infections 
and is associated with shorter hospital stay [18].
  
  For other applications drainage time should be 
determined per specialisation and per surgeon.

Variation in situations
  Not all situations are the same or comparable. The 
outcome parameters for a certain type of surgery depend also on 
external variables that could affect the drainage process. First, 
there is variation between patients (like age, BMI and gender) 
and, secondly, each surgery is different in surgical technique 
and characteristics. These issues will ultimately determine the 
decision of the surgeon. Understanding these aspects is necessary 
in every situation in order to determine whether drainage should 
be applied and, if so, how that should be done.

Figure 4.2 – Vacuum-volume curves of intermittent 
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Purpose
  Prophylactic wound drainage aims to prevent 
complications and is inserted near the incision where drainage is 
expected. With therapeutic wound drainage, the drain is inserted 
to remove already existing gasses and/or liquids. Fluid collections 
in the wound cavity could act as an ideal bacterial culture medium 
causing infections. Haematomas are believed to impair healing 
by increasing the wound tension and reducing tissue perfusion. 
Insertion of a closed suction drainage system would drain the 
wound and thus shrink the wound cavity. It promotes better fl ap 
apposition, which could result in better-looking scar tissue. In 
the end, improved wound healing could reduce hospital stay and 
costs.
  The purpose of closed suction drainage is to achieve 
optimal wound healing by creating an optimum environment for 
improved wound healing. Wound drainage also makes it easy for 
the staff to measure drainage fl uids and to conduct research. The 
purposes of wound drainage can be summarized as follows: (1) 
to promote wound healing, (2) to facilitate nurses’ workload and 
(3) to reduce hospital stay and costs.

Classifi cation of wound drainage systems
  There are several types of commercial postoperative 
closed suction drainage systems, which can be classifi ed into 
three groups (see table 1). Open wound drainage systems are 
in direct contact with the atmosphere and the wound secretion 
is drained into wound dressings. With the semi-open system, 
the secretion fl ows into an attached drainage bag. In the closed 
drainage system the drainage tube is tightly connected to the 
bag or bottle and contents are not exposed to the atmosphere. 
Today, closed drainage systems are most common because of 
their minimal risk of contamination.

  

Furthermore, depending on the presence of a suction force, 
drainage systems can be divided into passive and active systems 
(high/ low vacuum), as shown in table 2 and fi gure 1.

Outcomes
  Most studies, which are investigating closed suction 
drainage systems, are focusing on (a number of) the following 
outcomes: the number of complications, haematoma, seroma 
formation, drainage volume, drainage time, fl uid colour, hospital 
stay, hospital costs, scar tissue formation, bruising, patient pain 
scores, blood exposure rates and nursing satisfaction. It must 
be said that the drainage volume (amount of fl uid collected) 
and drainage time does not determine the effectiveness of the 
drainage process directly, because these parameters depends 
on the type of operation. The focus should not be to drain 
the maximum amount of secretion, but to fi nd a compromise 
between excessive wound swelling (insuffi cient suction) and too 
much total volume drainage (excessive drainage) [4]. Therefore 
the choice for a certain vacuum level, the continuity of suction 
and the timing of drainage removal are important.

OPTIMAL DRAINAGE - CONTINUOUS SUCTION

Continuous vs. Intermittent
  Based on the mechanical design of a drainage system, 
continuous and intermittent systems can be distinguished. The 
vacuum source of the continuous systems has two functions [5-6]: 

1. to provide a source of negative pressure for suction 
2. to act as a receiver for the fl uid drained, which is a result of 
that negative pressure. 

  The Bellovac system (using a bellow to create vacuum), 
or Hemovac (using a spring to create vacuum) are examples of 
an intermittent system. The loss of vacuum remains until a nurse 
reactivates the system again. The vacuum loss automatically 
leads to a loss in fl ow rate while a (more) continuous closed 

suction drainage system would have a more constant fl ow rate. 
To maintain a reliable vacuum level in intermittent systems, it is 
required to empty and reactivate long before maximum volume 
is achieved [7]. When an intermittent system is reactivated, some 
fl uid or air backfl ow could cause a disturbance in the wound. 
Tissues have the possibility to expand and shift, causing a delayed 
wound healing problem. The reactivation also interrupts the 
equilibrium that is created between the wound and the drainage 
system. Every time the reservoir is changed or emptied, it will 
cause a strong pressure fl uctuation in the drain. This will lead to 
increased tissue trauma and to blood clotting [8].

  In the 1960s, McLean conducted a study on the 
use of postoperative continuous suction with radical surgical 
procedures. In addition, McLean reviewed a number of articles 
on wound drainage. He found that continuous suction was much 
more advantageous than any other technique. He used a pump to 
achieve continuous suction at a level of 25 mmHg. The pump had 
some disadvantages, as it needed to be temporarily disconnected 
in order to transfer the system from the operating room to 
recovery and from recovery to the ward. The limitations of the 
pump resulted in the use of a spring-loaded system. However, 
this old study shows that surgeons were aware of improved 
wound healing with continuous suction. Today, a spring-loaded 
device is defi ned as an intermittent system and intermittent 
systems should be abandoned, concluded Bermann. The research 
group of Bermann performed a randomized prospective trial 
and showed clear advantages in using continuous closed suction 
drainage system over an intermittent spring-loaded system 
[5]. Hip and knee arthroplasty patients receiving a continuous 
vacuum drainage system experienced a signifi cant greater 
average drainage volume, better wound hemostasis, better fl ap 
apposition and less days of drainage than those having the 
intermittent device. Continuous drainage resulted in the absence 
of wound hematoma, no delayed wound drainage, no infection, 
or post-hospital discharge complications [5]. Wittmann et al. 
showed that more blood remains undetected around the knee 
joint with intermittent drainage [6]. 

Figure 2 shows the difference between intermittent drainage 
devices (a, b, c) and continuous drainage devices (d).

In contrast to intermittent devices, a continuous CSD are pre-
evacuated during the production process. These wound drainage 
systems are completely closed bottles, which are pre-evacuated 
with a controlled vacuum. The aim is to create a controlled 
vacuum inside the wound. A constant vacuum inside the wound
promotes optimal wound healing. The constant vacuum 
continually works to draw the wound tissue and wound clefts 
together.

  

  
  
  Rudberg et al. evaluated in a study the difference between 
small-volume (intermittent) and high-volume (continuous) closed 
suction drainage systems [4]. A schematic comparison between 
a small-volume low vacuum drain (e.g. Exudrain,  115 ml) and 
a large-volume high vacuum drain (e.g. Medinorm, 600 ml) is 
outlined in fi gure 3. It can be concluded that the intermittent 
closed suction drainage system has to be emptied and reactivated 
at least fi ve times during the fi rst cycle of the continuous 
system. 

  Besides that, at point A, the evacuation of the small-
volume system is delayed for a period, resulting in blocking of 
the system. This may result in separating the walls of the wound 
cavity and delay the wound healing.  At point C the drain has 
been emptied too early resulting in unnecessary work for the 
nursing staff. Point B represents the optimal emptying point [4].
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Figure 2  (a) balloon, (b) bellow, (c) spring - Intermittent  
 (d) pre-evacuated drainage system - Continuous 
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Table 1 – Classifi cation of drainage systems

TYPE STORAGE WOUND FLUID PRINCIPLE

Open into dressing gravity
Semi-open drainage bag gravity/vacuum
Closed drainage bag/bottle gravity/vacuum

Table 2 – Types of drainage systems

TYPE VACUUM LEVEL [MMHG]

Passive 0
Active – low vacuum up to 200
Active – high vacuum up to 760

Figure 1 – active wound drainage systems, high and low vacuum  

Figure 3 – Continuous versus intermittent [4]

(a) (b) (c) (d) 

Purpose
  Prophylactic wound drainage aims to prevent 
complications and is inserted near the incision where drainage is 
expected. With therapeutic wound drainage, the drain is inserted 
to remove already existing gasses and/or liquids. Fluid collections 
in the wound cavity could act as an ideal bacterial culture medium 
causing infections. Haematomas are believed to impair healing 
by increasing the wound tension and reducing tissue perfusion. 
Insertion of a closed suction drainage system would drain the 
wound and thus shrink the wound cavity. It promotes better fl ap 
apposition, which could result in better-looking scar tissue. In 
the end, improved wound healing could reduce hospital stay and 
costs.
  The purpose of closed suction drainage is to achieve 
optimal wound healing by creating an optimum environment for 
improved wound healing. Wound drainage also makes it easy for 
the staff to measure drainage fl uids and to conduct research. The 
purposes of wound drainage can be summarized as follows: (1) 
to promote wound healing, (2) to facilitate nurses’ workload and 
(3) to reduce hospital stay and costs.

Classifi cation of wound drainage systems
  There are several types of commercial postoperative 
closed suction drainage systems, which can be classifi ed into 
three groups (see table 1). Open wound drainage systems are 
in direct contact with the atmosphere and the wound secretion 
is drained into wound dressings. With the semi-open system, 
the secretion fl ows into an attached drainage bag. In the closed 
drainage system the drainage tube is tightly connected to the 
bag or bottle and contents are not exposed to the atmosphere. 
Today, closed drainage systems are most common because of 
their minimal risk of contamination.

  

Furthermore, depending on the presence of a suction force, 
drainage systems can be divided into passive and active systems 
(high/ low vacuum), as shown in table 2 and fi gure 1.

Outcomes
  Most studies, which are investigating closed suction 
drainage systems, are focusing on (a number of) the following 
outcomes: the number of complications, haematoma, seroma 
formation, drainage volume, drainage time, fl uid colour, hospital 
stay, hospital costs, scar tissue formation, bruising, patient pain 
scores, blood exposure rates and nursing satisfaction. It must 
be said that the drainage volume (amount of fl uid collected) 
and drainage time does not determine the effectiveness of the 
drainage process directly, because these parameters depends 
on the type of operation. The focus should not be to drain 
the maximum amount of secretion, but to fi nd a compromise 
between excessive wound swelling (insuffi cient suction) and too 
much total volume drainage (excessive drainage) [4]. Therefore 
the choice for a certain vacuum level, the continuity of suction 
and the timing of drainage removal are important.

OPTIMAL DRAINAGE - CONTINUOUS SUCTION

Continuous vs. Intermittent
  Based on the mechanical design of a drainage system, 
continuous and intermittent systems can be distinguished. The 
vacuum source of the continuous systems has two functions [5-6]: 

1. to provide a source of negative pressure for suction 
2. to act as a receiver for the fl uid drained, which is a result of 
that negative pressure. 

  The Bellovac system (using a bellow to create vacuum), 
or Hemovac (using a spring to create vacuum) are examples of 
an intermittent system. The loss of vacuum remains until a nurse 
reactivates the system again. The vacuum loss automatically 
leads to a loss in fl ow rate while a (more) continuous closed 

suction drainage system would have a more constant fl ow rate. 
To maintain a reliable vacuum level in intermittent systems, it is 
required to empty and reactivate long before maximum volume 
is achieved [7]. When an intermittent system is reactivated, some 
fl uid or air backfl ow could cause a disturbance in the wound. 
Tissues have the possibility to expand and shift, causing a delayed 
wound healing problem. The reactivation also interrupts the 
equilibrium that is created between the wound and the drainage 
system. Every time the reservoir is changed or emptied, it will 
cause a strong pressure fl uctuation in the drain. This will lead to 
increased tissue trauma and to blood clotting [8].

  In the 1960s, McLean conducted a study on the 
use of postoperative continuous suction with radical surgical 
procedures. In addition, McLean reviewed a number of articles 
on wound drainage. He found that continuous suction was much 
more advantageous than any other technique. He used a pump to 
achieve continuous suction at a level of 25 mmHg. The pump had 
some disadvantages, as it needed to be temporarily disconnected 
in order to transfer the system from the operating room to 
recovery and from recovery to the ward. The limitations of the 
pump resulted in the use of a spring-loaded system. However, 
this old study shows that surgeons were aware of improved 
wound healing with continuous suction. Today, a spring-loaded 
device is defi ned as an intermittent system and intermittent 
systems should be abandoned, concluded Bermann. The research 
group of Bermann performed a randomized prospective trial 
and showed clear advantages in using continuous closed suction 
drainage system over an intermittent spring-loaded system 
[5]. Hip and knee arthroplasty patients receiving a continuous 
vacuum drainage system experienced a signifi cant greater 
average drainage volume, better wound hemostasis, better fl ap 
apposition and less days of drainage than those having the 
intermittent device. Continuous drainage resulted in the absence 
of wound hematoma, no delayed wound drainage, no infection, 
or post-hospital discharge complications [5]. Wittmann et al. 
showed that more blood remains undetected around the knee 
joint with intermittent drainage [6]. 

Figure 2 shows the difference between intermittent drainage 
devices (a, b, c) and continuous drainage devices (d).

In contrast to intermittent devices, a continuous CSD are pre-
evacuated during the production process. These wound drainage 
systems are completely closed bottles, which are pre-evacuated 
with a controlled vacuum. The aim is to create a controlled 
vacuum inside the wound. A constant vacuum inside the wound
promotes optimal wound healing. The constant vacuum 
continually works to draw the wound tissue and wound clefts 
together.

  

  
  
  Rudberg et al. evaluated in a study the difference between 
small-volume (intermittent) and high-volume (continuous) closed 
suction drainage systems [4]. A schematic comparison between 
a small-volume low vacuum drain (e.g. Exudrain,  115 ml) and 
a large-volume high vacuum drain (e.g. Medinorm, 600 ml) is 
outlined in fi gure 3. It can be concluded that the intermittent 
closed suction drainage system has to be emptied and reactivated 
at least fi ve times during the fi rst cycle of the continuous 
system. 

  Besides that, at point A, the evacuation of the small-
volume system is delayed for a period, resulting in blocking of 
the system. This may result in separating the walls of the wound 
cavity and delay the wound healing.  At point C the drain has 
been emptied too early resulting in unnecessary work for the 
nursing staff. Point B represents the optimal emptying point [4].
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Table 1 – Classifi cation of drainage systems

TYPE STORAGE WOUND FLUID PRINCIPLE

Open into dressing gravity
Semi-open drainage bag gravity/vacuum
Closed drainage bag/bottle gravity/vacuum

Table 2 – Types of drainage systems

TYPE VACUUM LEVEL [MMHG]

Passive 0
Active – low vacuum up to 200
Active – high vacuum up to 760

Figure 1 – active wound drainage systems, high and low vacuum  

Figure 3 – Continuous versus intermittent [4]

(a) (b) (c) (d) 

Purpose
  Prophylactic wound drainage aims to prevent 
complications and is inserted near the incision where drainage is 
expected. With therapeutic wound drainage, the drain is inserted 
to remove already existing gasses and/or liquids. Fluid collections 
in the wound cavity could act as an ideal bacterial culture medium 
causing infections. Haematomas are believed to impair healing 
by increasing the wound tension and reducing tissue perfusion. 
Insertion of a closed suction drainage system would drain the 
wound and thus shrink the wound cavity. It promotes better fl ap 
apposition, which could result in better-looking scar tissue. In 
the end, improved wound healing could reduce hospital stay and 
costs.
  The purpose of closed suction drainage is to achieve 
optimal wound healing by creating an optimum environment for 
improved wound healing. Wound drainage also makes it easy for 
the staff to measure drainage fl uids and to conduct research. The 
purposes of wound drainage can be summarized as follows: (1) 
to promote wound healing, (2) to facilitate nurses’ workload and 
(3) to reduce hospital stay and costs.

Classifi cation of wound drainage systems
  There are several types of commercial postoperative 
closed suction drainage systems, which can be classifi ed into 
three groups (see table 1). Open wound drainage systems are 
in direct contact with the atmosphere and the wound secretion 
is drained into wound dressings. With the semi-open system, 
the secretion fl ows into an attached drainage bag. In the closed 
drainage system the drainage tube is tightly connected to the 
bag or bottle and contents are not exposed to the atmosphere. 
Today, closed drainage systems are most common because of 
their minimal risk of contamination.

  

Furthermore, depending on the presence of a suction force, 
drainage systems can be divided into passive and active systems 
(high/ low vacuum), as shown in table 2 and fi gure 1.

Outcomes
  Most studies, which are investigating closed suction 
drainage systems, are focusing on (a number of) the following 
outcomes: the number of complications, haematoma, seroma 
formation, drainage volume, drainage time, fl uid colour, hospital 
stay, hospital costs, scar tissue formation, bruising, patient pain 
scores, blood exposure rates and nursing satisfaction. It must 
be said that the drainage volume (amount of fl uid collected) 
and drainage time does not determine the effectiveness of the 
drainage process directly, because these parameters depends 
on the type of operation. The focus should not be to drain 
the maximum amount of secretion, but to fi nd a compromise 
between excessive wound swelling (insuffi cient suction) and too 
much total volume drainage (excessive drainage) [4]. Therefore 
the choice for a certain vacuum level, the continuity of suction 
and the timing of drainage removal are important.

OPTIMAL DRAINAGE - CONTINUOUS SUCTION

Continuous vs. Intermittent
  Based on the mechanical design of a drainage system, 
continuous and intermittent systems can be distinguished. The 
vacuum source of the continuous systems has two functions [5-6]: 

1. to provide a source of negative pressure for suction 
2. to act as a receiver for the fl uid drained, which is a result of 
that negative pressure. 

  The Bellovac system (using a bellow to create vacuum), 
or Hemovac (using a spring to create vacuum) are examples of 
an intermittent system. The loss of vacuum remains until a nurse 
reactivates the system again. The vacuum loss automatically 
leads to a loss in fl ow rate while a (more) continuous closed 

suction drainage system would have a more constant fl ow rate. 
To maintain a reliable vacuum level in intermittent systems, it is 
required to empty and reactivate long before maximum volume 
is achieved [7]. When an intermittent system is reactivated, some 
fl uid or air backfl ow could cause a disturbance in the wound. 
Tissues have the possibility to expand and shift, causing a delayed 
wound healing problem. The reactivation also interrupts the 
equilibrium that is created between the wound and the drainage 
system. Every time the reservoir is changed or emptied, it will 
cause a strong pressure fl uctuation in the drain. This will lead to 
increased tissue trauma and to blood clotting [8].

  In the 1960s, McLean conducted a study on the 
use of postoperative continuous suction with radical surgical 
procedures. In addition, McLean reviewed a number of articles 
on wound drainage. He found that continuous suction was much 
more advantageous than any other technique. He used a pump to 
achieve continuous suction at a level of 25 mmHg. The pump had 
some disadvantages, as it needed to be temporarily disconnected 
in order to transfer the system from the operating room to 
recovery and from recovery to the ward. The limitations of the 
pump resulted in the use of a spring-loaded system. However, 
this old study shows that surgeons were aware of improved 
wound healing with continuous suction. Today, a spring-loaded 
device is defi ned as an intermittent system and intermittent 
systems should be abandoned, concluded Bermann. The research 
group of Bermann performed a randomized prospective trial 
and showed clear advantages in using continuous closed suction 
drainage system over an intermittent spring-loaded system 
[5]. Hip and knee arthroplasty patients receiving a continuous 
vacuum drainage system experienced a signifi cant greater 
average drainage volume, better wound hemostasis, better fl ap 
apposition and less days of drainage than those having the 
intermittent device. Continuous drainage resulted in the absence 
of wound hematoma, no delayed wound drainage, no infection, 
or post-hospital discharge complications [5]. Wittmann et al. 
showed that more blood remains undetected around the knee 
joint with intermittent drainage [6]. 

Figure 2 shows the difference between intermittent drainage 
devices (a, b, c) and continuous drainage devices (d).

In contrast to intermittent devices, a continuous CSD are pre-
evacuated during the production process. These wound drainage 
systems are completely closed bottles, which are pre-evacuated 
with a controlled vacuum. The aim is to create a controlled 
vacuum inside the wound. A constant vacuum inside the wound
promotes optimal wound healing. The constant vacuum 
continually works to draw the wound tissue and wound clefts 
together.

  

  
  
  Rudberg et al. evaluated in a study the difference between 
small-volume (intermittent) and high-volume (continuous) closed 
suction drainage systems [4]. A schematic comparison between 
a small-volume low vacuum drain (e.g. Exudrain,  115 ml) and 
a large-volume high vacuum drain (e.g. Medinorm, 600 ml) is 
outlined in fi gure 3. It can be concluded that the intermittent 
closed suction drainage system has to be emptied and reactivated 
at least fi ve times during the fi rst cycle of the continuous 
system. 

  Besides that, at point A, the evacuation of the small-
volume system is delayed for a period, resulting in blocking of 
the system. This may result in separating the walls of the wound 
cavity and delay the wound healing.  At point C the drain has 
been emptied too early resulting in unnecessary work for the 
nursing staff. Point B represents the optimal emptying point [4].
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Table 1 – Classifi cation of drainage systems

TYPE STORAGE WOUND FLUID PRINCIPLE

Open into dressing gravity
Semi-open drainage bag gravity/vacuum
Closed drainage bag/bottle gravity/vacuum

Table 2 – Types of drainage systems

TYPE VACUUM LEVEL [MMHG]

Passive 0
Active – low vacuum up to 200
Active – high vacuum up to 760

Figure 1 – active wound drainage systems, high and low vacuum  

Figure 3 – Continuous versus intermittent [4]
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Purpose
  Prophylactic wound drainage aims to prevent 
complications and is inserted near the incision where drainage is 
expected. With therapeutic wound drainage, the drain is inserted 
to remove already existing gasses and/or liquids. Fluid collections 
in the wound cavity could act as an ideal bacterial culture medium 
causing infections. Haematomas are believed to impair healing 
by increasing the wound tension and reducing tissue perfusion. 
Insertion of a closed suction drainage system would drain the 
wound and thus shrink the wound cavity. It promotes better fl ap 
apposition, which could result in better-looking scar tissue. In 
the end, improved wound healing could reduce hospital stay and 
costs.
  The purpose of closed suction drainage is to achieve 
optimal wound healing by creating an optimum environment for 
improved wound healing. Wound drainage also makes it easy for 
the staff to measure drainage fl uids and to conduct research. The 
purposes of wound drainage can be summarized as follows: (1) 
to promote wound healing, (2) to facilitate nurses’ workload and 
(3) to reduce hospital stay and costs.

Classifi cation of wound drainage systems
  There are several types of commercial postoperative 
closed suction drainage systems, which can be classifi ed into 
three groups (see table 1). Open wound drainage systems are 
in direct contact with the atmosphere and the wound secretion 
is drained into wound dressings. With the semi-open system, 
the secretion fl ows into an attached drainage bag. In the closed 
drainage system the drainage tube is tightly connected to the 
bag or bottle and contents are not exposed to the atmosphere. 
Today, closed drainage systems are most common because of 
their minimal risk of contamination.

  

Furthermore, depending on the presence of a suction force, 
drainage systems can be divided into passive and active systems 
(high/ low vacuum), as shown in table 2 and fi gure 1.

Outcomes
  Most studies, which are investigating closed suction 
drainage systems, are focusing on (a number of) the following 
outcomes: the number of complications, haematoma, seroma 
formation, drainage volume, drainage time, fl uid colour, hospital 
stay, hospital costs, scar tissue formation, bruising, patient pain 
scores, blood exposure rates and nursing satisfaction. It must 
be said that the drainage volume (amount of fl uid collected) 
and drainage time does not determine the effectiveness of the 
drainage process directly, because these parameters depends 
on the type of operation. The focus should not be to drain 
the maximum amount of secretion, but to fi nd a compromise 
between excessive wound swelling (insuffi cient suction) and too 
much total volume drainage (excessive drainage) [4]. Therefore 
the choice for a certain vacuum level, the continuity of suction 
and the timing of drainage removal are important.

OPTIMAL DRAINAGE - CONTINUOUS SUCTION

Continuous vs. Intermittent
  Based on the mechanical design of a drainage system, 
continuous and intermittent systems can be distinguished. The 
vacuum source of the continuous systems has two functions [5-6]: 

1. to provide a source of negative pressure for suction 
2. to act as a receiver for the fl uid drained, which is a result of 
that negative pressure. 

  The Bellovac system (using a bellow to create vacuum), 
or Hemovac (using a spring to create vacuum) are examples of 
an intermittent system. The loss of vacuum remains until a nurse 
reactivates the system again. The vacuum loss automatically 
leads to a loss in fl ow rate while a (more) continuous closed 

suction drainage system would have a more constant fl ow rate. 
To maintain a reliable vacuum level in intermittent systems, it is 
required to empty and reactivate long before maximum volume 
is achieved [7]. When an intermittent system is reactivated, some 
fl uid or air backfl ow could cause a disturbance in the wound. 
Tissues have the possibility to expand and shift, causing a delayed 
wound healing problem. The reactivation also interrupts the 
equilibrium that is created between the wound and the drainage 
system. Every time the reservoir is changed or emptied, it will 
cause a strong pressure fl uctuation in the drain. This will lead to 
increased tissue trauma and to blood clotting [8].

  In the 1960s, McLean conducted a study on the 
use of postoperative continuous suction with radical surgical 
procedures. In addition, McLean reviewed a number of articles 
on wound drainage. He found that continuous suction was much 
more advantageous than any other technique. He used a pump to 
achieve continuous suction at a level of 25 mmHg. The pump had 
some disadvantages, as it needed to be temporarily disconnected 
in order to transfer the system from the operating room to 
recovery and from recovery to the ward. The limitations of the 
pump resulted in the use of a spring-loaded system. However, 
this old study shows that surgeons were aware of improved 
wound healing with continuous suction. Today, a spring-loaded 
device is defi ned as an intermittent system and intermittent 
systems should be abandoned, concluded Bermann. The research 
group of Bermann performed a randomized prospective trial 
and showed clear advantages in using continuous closed suction 
drainage system over an intermittent spring-loaded system 
[5]. Hip and knee arthroplasty patients receiving a continuous 
vacuum drainage system experienced a signifi cant greater 
average drainage volume, better wound hemostasis, better fl ap 
apposition and less days of drainage than those having the 
intermittent device. Continuous drainage resulted in the absence 
of wound hematoma, no delayed wound drainage, no infection, 
or post-hospital discharge complications [5]. Wittmann et al. 
showed that more blood remains undetected around the knee 
joint with intermittent drainage [6]. 

Figure 2 shows the difference between intermittent drainage 
devices (a, b, c) and continuous drainage devices (d).

In contrast to intermittent devices, a continuous CSD are pre-
evacuated during the production process. These wound drainage 
systems are completely closed bottles, which are pre-evacuated 
with a controlled vacuum. The aim is to create a controlled 
vacuum inside the wound. A constant vacuum inside the wound
promotes optimal wound healing. The constant vacuum 
continually works to draw the wound tissue and wound clefts 
together.

  

  
  
  Rudberg et al. evaluated in a study the difference between 
small-volume (intermittent) and high-volume (continuous) closed 
suction drainage systems [4]. A schematic comparison between 
a small-volume low vacuum drain (e.g. Exudrain,  115 ml) and 
a large-volume high vacuum drain (e.g. Medinorm, 600 ml) is 
outlined in fi gure 3. It can be concluded that the intermittent 
closed suction drainage system has to be emptied and reactivated 
at least fi ve times during the fi rst cycle of the continuous 
system. 

  Besides that, at point A, the evacuation of the small-
volume system is delayed for a period, resulting in blocking of 
the system. This may result in separating the walls of the wound 
cavity and delay the wound healing.  At point C the drain has 
been emptied too early resulting in unnecessary work for the 
nursing staff. Point B represents the optimal emptying point [4].

  

SCIENTIFIC REVIEW    POSTOPERATIVE WOUND DRAINAGE METHODS

Figure 2  (a) balloon, (b) bellow, (c) spring - Intermittent  
 (d) pre-evacuated drainage system - Continuous 

high 
vacuum

low 
vacuum

0

200

750

V
ac

uu
m

 le
ve

l [
m

m
H

g]

Table 1 – Classifi cation of drainage systems

TYPE STORAGE WOUND FLUID PRINCIPLE

Open into dressing gravity
Semi-open drainage bag gravity/vacuum
Closed drainage bag/bottle gravity/vacuum

Table 2 – Types of drainage systems

TYPE VACUUM LEVEL [MMHG]

Passive 0
Active – low vacuum up to 200
Active – high vacuum up to 760

Figure 1 – active wound drainage systems, high and low vacuum  

Figure 3 – Continuous versus intermittent [4]

(a) (b) (c) (d) 

P43. Evaluation to Assess the 
DONORTM Pre-Evacuated Post-Operative
Autologous Blood Re-Infusion System
J.M. Davies & D.L.A. Aston.  The North Hampshire Hospital, Basingstoke, Hants

The transfusion of homologous blood has many risks, and this, coupled with the
probability that donated blood may soon be a scarce resource, has led to a widespread
interest in blood conservation. The transfusion of autologous, salvaged blood is a method
by which homologous blood could be avoided in the surgical setting. In orthopaedic and
cardiac surgery, there may be considerable quantities of fat and activated leucocytes in
the salvaged blood, which must be removed prior to re-infusion. The aim of this
evaluation was to assess the practical aspects of using the system with unwashed,
salvaged wound drain blood collected into the DONORTM system, and to gain
performance data for leucocyte and fat removal.  

Measurements of the salvaged blood were performed pre- and post-filtration;  these
included leucocyte counts, fat particle counts, container weights, full blood count, urea
and electrolytes, plasma haemoglobin and complement testing. The results showed that
there was a 70% reduction in leucocyte count post-filtration and an 80% reduction in fat
droplets. Haemoglobin, platelet and urea and electrolyte counts remained unchanged by
filtration.  

The DONORTM system is very simple to use and our results show that it is effective in
removing leucocytes and fat particles. This system is probably most effectively used in
those patients expected to bleed excessively, those with low haemoglobins
preoperatively and those undergoing operations in a remote hospital with no on-site
transfusion department.

Presented at BBTS, Edinburgh.  2002  
Reprinted with permission from Transfusion Medicine, Vol 12 (Suppl 1), pp 38-39.  2002

INTRODUCTION
• Donated blood may soon be a scarce resource and has potential risks

• The transfusion of autologous, salvaged blood is a method by which donated blood
could be avoided in the surgical setting

• Blood recovered by postoperative blood salvage requires filtration prior to re-infusion
and cannot be transfused to other patients

• Salvaged blood may contain activated leucocytes which may cause lung damage and
fat particles which may cause fat embolic syndrome

• The DONOR (Pall Medical) system is CE marked and validated for the re-infusion of
post-operatively salvaged blood

• The DONOR system includes a LipiGuard VS (Pall Medical) re-infusion filter set
designed for the reduction of fat particles, anaphylatoxin C3a, microaggregates and
leucocytes from up to 800 mL of post-operatively salvaged blood

• The aim of this evaluation was to assess the practical aspects of using the system
with unwashed salvaged wound drain blood collected into the DONOR system, and
to gain performance data for leucocyte and fat removal

MATERIALS AND METHODS
• Blood was collected from wound drains post total

knee replacement

• Measurements of the salvaged blood were per-
formed pre- and post-filtration for:

Phase 1 evaluation
- Leucocytes
- Fat
- Plasma haemoglobin 

• Leucocyte counting was performed using the 
ADVIA 120 haematology analyser. This analyser 
is accurate for leucocyte counting down to 0.02 
x 10 /µL

• Fat droplet counting was performed using a 
Laborlux K microscope with Fluorescence light 
source (Leitz, UK) and H2 excitation filter (390-
490 nm). Fat droplets were stained with Nile 
Red Stain (Nile Blue A-Oxazone- Sigma). Fat droplets were counted on a Neubauer
counting chamber, the size of the droplets was measured with an eyepiece 
graticule and the concentration measured by comparison with “Flow Count” 
fluorospheres (Beckman Coulter, UK)

Phase 2 evaluation 
Blood was collected from the wound drain into the DONOR system, filtered and
re-infused back to the patient

• Blood was re-infused within 6 hours of collection

• Measurements included pre- and post-operative haemoglobin, volume of blood
collected and re-infused to the patient, length of hospital stay, readmission and 
infection rates

• Collections in primary re-infusion systems of <500 mL were used for phase 1
evaluations, collections of >500 mL were re-infused to the patient

RESULTS

Phase 1
The following table shows the measurements of the wound drainage fluid pre- and post-
filtration (mean ± SD, n= 11)

Pre-filtration Post-filtration  

Volume mL 314 ± 168 277 ± 169  

Haemoglobin g/L 102 ± 25 96 ± 28  

Leucocytes x 10 /L 4.4 ± 1.8 1.0 ± 0.5  

Platelets x 10 /L 30 ± 16 14 ± 5  

Plasma Haemoglobin mg/dL 87.8 ± 22.7 85.3 ± 21.2  

Fat >100 µm 2 ± 5 0  

Fat 51-100 µm 17 ± 16 0  

Fat 21-50 µm 100 ± 50 10 ± 9  

Fat 10-20 µm 492 ± 276 84 ± 63  

• Reduction of fat particles was highly significant (p< 0.0001, Chi square test)

• Average leucocyte reduction was 75%

• Average fat particle reduction was 85%

• Small volume fluid loss was due to clots and visible fat retained in the system

Evaluation to assess the practical handling,
leucoreduction and fat removal characteristics
of the DONORTM pre-evacuated post-operative

autologous blood re-infusion
Davies, J.M. and Aston, D.L. The North Hampshire Hospital, Aldermaston Road, Basingstoke, Hants. RG24 9NA.

The following table shows the results from patients enrolled in Phase 1 of the 
evaluation. (mean ± SD   n=11)

Pre-operative Hb g/L 141 ± 9  

Post-operative Hb g/L 105 ± 14  

Volume of blood collected in wound drain mL 314 ± 168  

Total blood loss mL 834 ± 337  

Length of hospital stay days 10 ± 5  

• Expected minimum length of stay for total knee replacement is 5 days
• One patient had cerebrovascular accident (CVA) and died 17 days 

post-operatively

Phase 2
The following table shows the results from patients enrolled in Phase 2 of the 
evaluation. (mean ± SD   n=10)

Pre-operative Hb g/L 143 ± 17  

Post-operative Hb g/L 108 ± 15  

Volume of blood collected in wound drain mL 579 ± 83  

Total blood loss mL 1080 ± 390  

Length of hospital stay days 8 ± 2  

• One patient required allogeneic blood for gastro-intestinal haemorrhage
• One patient with myeloma required allogeneic blood post-operatively for anaemia
• One patient had blood re-infused from three primary DONOR re-infusion 

systems within the 6 hour period, a total of 1630 mL blood
• No patients suffered infection
• No patients were re-admitted

CONCLUSION
• The DONOR system is safe and easy to use:

- easy to connect to patient
- one button activation of drains
- preferable to bellows system
- easy to measure volume of blood
- hands free filter + drip set priming

• Pall LipiGuard VS filter is effective at reducing leucocytes and fat particles
• Filtration does not induce haemolysis
• Most effectively used in patients likely to require blood transfusion e.g. patients with

low haemoglobin levels pre-operatively, patients with bleeding disorders
• The average volume of blood collected in the primary re-infusion system for the 21

patients enrolled in the trial was 430 mL, the volumes ranged from 60 mL to 700 mL
• In one freely bleeding case more than one primary DONOR re-infusion system was

used to re-infuse 1630 mL

North Hampshire Hospitals
NHS Trust

NHS

Fat droplets observed using fluorescent microscopy (Mag x100) Scanning electron microscope image showing cellular debris
on the upstream leucocyte removal media of the PALL
LipiGuard VS Filter (Mag x3300)

CONCLUSION:  
The DONOR™ system was found to be very
easy to use by both theatre and ward
personnel, particularly connection to patient,
one button activation of the drain, easy to
measure volume of blood and automatic filter
and drip chamber priming. 

The Pall LipiGuard VS filter is effective at
reducing lipid particles and leucocytes from the
salvaged blood, offering prophylatic protection
against clinical sequalae of reinfusion, such as
fat embolism syndrome, febrile reactions and
pulmonary dysfunction. The system did not
induce haemolysis.

The reduction in patient haemoglobin indicates that patients with 
13 Hb g/dL pre-operatively would most benefit from use of the DONOR
device to prevent a drop below an 8 Hb g/dL transfusion trigger.

The authors wish to thank the orthopaedic surgeons for their assistance.
Further studies are ongoing.

Post-Operative Cell Salvage System
Evaluation: The DONOR™ System

D L Aston & J M Davies. North Hampshire Hospital, Basingstoke, Hampshire, RG 24 9NA

INTRODUCTION  
Since the Better Blood
Transfusion Directive
(Department of Health HSC
2002/009 2002), hospitals have
been assessing post-operative
cell salvaged blood to reduce
costs and exposure to
allogeneic blood in selected
patient groups. However
salvaged blood may contain
significant levels of contaminants
such as lipid, activated
leucocytes and particulates that,
on reinfusion to the patient, can
lead to adverse clinical events
such as febrile reactions,
pulmonary dysfunction and fat
embolism syndrome.  

The aim of this study was to assess the practical aspects of using the
system with unwashed salvaged wound drain blood collected into the
DONOR™ system, and to gain performance data for leucocyte and fat
removal.

The DONOR™ system (Pall Medical) provides a complete collection and
reinfusion system. It consists of a pre-evacuated primary cannister with
several “automatic” features and incorporates a Pall LipiGuard VS filter 
re-infusion filter set designed for the reduction of fat particles,
anaphylatoxin C3a, leucocytes and microaggregates from up to 800 mL
of post-operatively salvaged blood.

METHODS:  
Blood was collected into the DONOR pre-evacuated collection canister
from wound drains following total knee replacement (n=11 patients).
Typically bleeding stopped within 2 hours. A secondary pre-evacuated
canister was attached in a closed and safe manner to maintain negative
pressure on the wound site. The blood collected in the primary canister
was analysed in a laboratory.

Measurements of the salvaged blood were performed pre- and 
post-filtration for:
● Leucocytes
● Fat
● Plasma haemoglobin

Leucocyte counting was performed using the ADVIA 120 haematology
analyser. This analyzer is accurate for leucocyte counting down to 
0.02 x 10 /µL.

Fat droplet counting was performed using a Laborlux K microscope with
Fluorescence light source (Leitz, UK) and H2 excitation filter (390-490
nm). Fat droplets were stained with Nile Red Stain (Nile Blue A-Oxazone-
Sigma). Fat droplets were counted on a Neubauer counting chamber,
the size of the droplets was measured with an eyepiece graticule and
the concentration measured by comparison with “Flow Count”
fluorospheres (Beckman Coulter, UK).
RESULTS:  

Patient Data (n=11)

Pre-Operative Hb (g/dL) 14.1 +/- 0.9

Post-Operative Hb (g/dL) 10.8 +/- 1.5

Volume of Drained Blood in DONOR Primary 
Canister (mL) 314 +/- 168

Total Volume of Drained Blood (mL) 834 +/- 337

Length of Hospital Stay (days) 10 +/- 5

The following table shows the measurements of the wound drainage fluid
pre- and post filtration (mean ± SD)

Laboratory Data (n=11) Pre-Filtration Post-Filtration

Volume (mL) 314 +/- 168 277 +/- 169

Haemoglobin (g/dL) 10.2 +/- 2.5 9.6 +/- 2.8
Leucocytes (x10E9/L) 4.4 +/- 1.8 1.0 +/- 0.5

Plasma Haemoglobin (mg/dL) 87.8 +/- 22.7 85.3 +/- 21.2

Lipid Particles  >100 µm/µL 2 +/- 5 0

51-100 µm/µL 17 +/- 16 0

21-50 µm/µL 100 +/- 50 10 +/- 9

10-20 µm/µL 492 +/- 276 84 +/- 63

● Reduction of fat particles was highly significant (p< 0.0001, 
Chi square test)

● Average leucocyte reduction was 77%
● Average fat particle reduction was 86%
● The small volume fluid loss was due to clots and visible fat retained 

in the system
● One patient had blood re-infused from three primary DONOR™ 

re-infusion systems within the 6 hour period, a total of 1630mL blood.

North Hampshire Hospitals
NHS Trust

The following table shows the data from patients enrolled in the
evaluation (mean ± SD)
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An evaluation of Post-Operative Autologous
Blood Reinfusion System in total knee
replacement: The DONOR™ system
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INTRODUCTION

The benefits of autologous transfusion compared with allogeneic
blood are numerous. They include a reduction in transfusion
reactions, a reduction in exposure to  blood-borne infectious
agents, reduced transfusion auto-immunity reactions as well as
significant cost savings. 

The aim of this study was to
evaluate the introduction of a
pre-evacuated post-operative
autologous blood reinfusion
system for patients undergoing
total knee replacement surgery
concentrating specifically at 
pre-operative and post-operative
haemoglobins, and discharge.

The DONOR™ system (Pall
Medical Ltd) was used. This
provides a complete, easy to use
collection and reinfusion system.

Royal Devon and Exeter Hospitals
NHS Health Care Trust

CONCLUSIONS

Although this is a small study the use of the post-operative
autologous blood reinfusion system significantly increased the
post-operative haemoglobin in total knee replacement patients.
Length of hospital stay in the reinfusion group was less than the
vacuum drain group but this was not shown to be statistically
significant. A larger randomised controlled trial will be needed to
verify these results.
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RESULTS

In the reinfusion system group
(Group A) none of the patients
required an allogeneic transfusion. 
In the vacuum drain group (Group B)
one patient required a transfusion. 
In group A the mean decrease in
haemoglobin after surgery was 2.6
g/dL. In Group B it was 3.8 g/dL. 
A Mann-Whitney U test showed a
statistically significant difference
between groups A and B (p=0.0026).
The average length of hospital stay
in Group A was 7.6 days compared
with 10.4 days in Group B (p=0.16).

METHOD

DONOR™ post-operative autologous blood reinfusion systems
were used instead of simple vacuum drains in a series of
consecutive patients (n=10) undergoing total knee replacement
surgery. Pre and post-operative haemoglobin values and days to
discharge were recorded. These patients were then matched 
with patients undergoing the same surgery two weeks prior to
this evaluation. 

Group B

Group A

5 10 15 20

1 2 3 4 5

Box and whisker plot showing length of hospital stay

Box and whisker plot showing decrease in haemoglobin

Group B

Group A

Length of hospital stay (days)

Decrease in haemoglobin (g/dL)

Group A = Reinfusion system   
Group B = Vacuum drain  
min -[lower quartile - median - upper quartile]- max
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