
REFERENCES

[1] McLean WC, “The role of closed wound negative pressure 
in radical surgical procedures of the head and neck,” 
Laryngoscope, vol. 74, pp. 70-94, 1964.

[2] Chaffi n RC, “Suction drainage in the prevention and 
treatment of peritonitis and its complications,” West. Jour. 
Surg., vol. 48:727, 1940.

[3] Redon C, et al., “La fermeture sous de depression de plaies 
étendues.,” Mem l’Acad Chir, vol. 80, pp. 394-396, 1954.

[4] Rudberg C and Tera H, “How does the increasing fi lling of 
the vacuum source diminish the suction in modern portable 
drainage systems?,” Acta Chir Scand, vol. 154, pp. 1-8, 1988.

[5] Bermann AT, et al., “Comparison between intermittent 
(spring-loaded) and continuous closed suction drainage of 
orthopedic wounds: a controlled clinical trial,” Orthopedics, 
vol. 13, pp. 309-314, 1990.

[6] Wittmann FW and Ring PA, “Blood loss associated with ring 
uncemented total knee replacement: comparison between 
continuous and intermittent suction drainage,” J R Soc Med, 
vol. 77, pp. 556-558, 1984.

[7] Whitson BA, et al., “Not every bulb is a rose: a functional 
comparison of bulb suction devices,” J Surg Res, vol. 156, pp. 
270-273, 2009.

[8] Heissing R, et al., “Wound drainage with continuous 
high vacuum vs. variable vacuum suction drainage | 
Wunddrainage mit einem kontinuierlichen Hochvakuum-
Drainagesystem und einem Drainagesystem mit variablem 
Vakuum,” Unfallchirurg, vol. 98, pp. 522-525, 1995.

[9] C. Mohadjer, “Pressure-volume relations of wound suction 
drainage containers and suction capacity of drains | Druck-
volumen-analysen von wundsaugdrainagefl aschen und 
saugvermogen von drainageschlauchen,” Langenbecks 
Archiv für Chirurgie, vol. 379, pp. 285-290, 1994.

[10] Fay MF, “Drainage systems. Their role in wound healing,” 
AORN J., vol. 46, pp. 442-455, 1987.

[11] Tai TW, et al., “Temporary Drainage Clamping After 
Total Knee Arhtroplasty. A Meta-Analysis of Randomized 
Controlled Trials,” Journal of Arhtroplasty, 2009.

[12] Benoni G and Fredin H, “Low- or high-vacuum drains in 
hip arthroplasty? A randomized study of 73 patients.,” Acta 
Orthop Scand, vol. 68, pp. 133-137, 1997.

[13] Chandratreya A, et al., “To drain or not drain: literature 
versus practice,” J R Coll Surg Edinb, vol. 43, pp. 404-406, 
1998.

[14] Drinkwater CJ and Neil MJ, “Optimal timing of wound 
drain removal following total joint arthroplasty,” J 
Arthroplasty, vol. 10, pp. 185-189, 1995.

[15] Willet KM, et al., “The effect of suction drains after total hip 
replacement,” 1988, vol. 70, pp. 607-610, 1988.

[16] Barie PS, “Are we draining the life from our patients?,” Surg 
Infect, vol. 3, pp. 159-160, 2002.

[17] Barton A, et al., “Early removal of postmastectomy drains is 
not benefi cial: results from a halted randomized controlled 
trial,” Am J Surg, vol. 191, pp. 652-656, 2006.

[18] Droeser RA, et al., “Volume-controlled vs no/short-term 
drainage after axillary lymph node dissection in breast cancer 
surgery: A meta-analysis.,” Breast, vol. 18, pp. 109-114, 2009. Interested in one the following brochures? 

• Scientifi c Review - Surgical recommendations for the use of postoperative wound drainage systems;

• VariVac the new drainage regulator for low variable continuous vacuum levels;

• Product information for Medinorm LVS,  Medinorm LVS NG, Medinorm HVS and DONOR blood reinfusion.

Contact your distributor or mail to export@vanstratenmedical.com

For more information contact the export department of 
Van Straten Medical or your local distributor.

Developed by Van Straten Medical, an ISO 13485 certifi ed 
company. All rights reserved. Manufactured by Medinorm 
GmbH, Germany, a production facility within the Van 
Straten Medical Group, The Netherlands.

Your distributor:

P.O. Box 440, 3430 AK Nieuwegein, The Netherlands T. +31 (0)30 602 38 30 F. +31 (0)30 602 38 33 
Email: export@vanstratenmedical.com  Internet: www.vanstratenmedical.com

REFERENCES

[1] McLean WC, “The role of closed wound negative pressure 
in radical surgical procedures of the head and neck,” 
Laryngoscope, vol. 74, pp. 70-94, 1964.

[2] Chaffi n RC, “Suction drainage in the prevention and 
treatment of peritonitis and its complications,” West. Jour. 
Surg., vol. 48:727, 1940.

[3] Redon C, et al., “La fermeture sous de depression de plaies 
étendues.,” Mem l’Acad Chir, vol. 80, pp. 394-396, 1954.

[4] Rudberg C and Tera H, “How does the increasing fi lling of 
the vacuum source diminish the suction in modern portable 
drainage systems?,” Acta Chir Scand, vol. 154, pp. 1-8, 1988.

[5] Bermann AT, et al., “Comparison between intermittent 
(spring-loaded) and continuous closed suction drainage of 
orthopedic wounds: a controlled clinical trial,” Orthopedics, 
vol. 13, pp. 309-314, 1990.

[6] Wittmann FW and Ring PA, “Blood loss associated with ring 
uncemented total knee replacement: comparison between 
continuous and intermittent suction drainage,” J R Soc Med, 
vol. 77, pp. 556-558, 1984.

[7] Whitson BA, et al., “Not every bulb is a rose: a functional 
comparison of bulb suction devices,” J Surg Res, vol. 156, pp. 
270-273, 2009.

[8] Heissing R, et al., “Wound drainage with continuous 
high vacuum vs. variable vacuum suction drainage | 
Wunddrainage mit einem kontinuierlichen Hochvakuum-
Drainagesystem und einem Drainagesystem mit variablem 
Vakuum,” Unfallchirurg, vol. 98, pp. 522-525, 1995.

[9] C. Mohadjer, “Pressure-volume relations of wound suction 
drainage containers and suction capacity of drains | Druck-
volumen-analysen von wundsaugdrainagefl aschen und 
saugvermogen von drainageschlauchen,” Langenbecks 
Archiv für Chirurgie, vol. 379, pp. 285-290, 1994.

[10] Fay MF, “Drainage systems. Their role in wound healing,” 
AORN J., vol. 46, pp. 442-455, 1987.

[11] Tai TW, et al., “Temporary Drainage Clamping After 
Total Knee Arhtroplasty. A Meta-Analysis of Randomized 
Controlled Trials,” Journal of Arhtroplasty, 2009.

[12] Benoni G and Fredin H, “Low- or high-vacuum drains in 
hip arthroplasty? A randomized study of 73 patients.,” Acta 
Orthop Scand, vol. 68, pp. 133-137, 1997.

[13] Chandratreya A, et al., “To drain or not drain: literature 
versus practice,” J R Coll Surg Edinb, vol. 43, pp. 404-406, 
1998.

[14] Drinkwater CJ and Neil MJ, “Optimal timing of wound 
drain removal following total joint arthroplasty,” J 
Arthroplasty, vol. 10, pp. 185-189, 1995.

[15] Willet KM, et al., “The effect of suction drains after total hip 
replacement,” 1988, vol. 70, pp. 607-610, 1988.

[16] Barie PS, “Are we draining the life from our patients?,” Surg 
Infect, vol. 3, pp. 159-160, 2002.

[17] Barton A, et al., “Early removal of postmastectomy drains is 
not benefi cial: results from a halted randomized controlled 
trial,” Am J Surg, vol. 191, pp. 652-656, 2006.

[18] Droeser RA, et al., “Volume-controlled vs no/short-term 
drainage after axillary lymph node dissection in breast cancer 
surgery: A meta-analysis.,” Breast, vol. 18, pp. 109-114, 2009. Interested in one the following brochures? 

• Scientifi c Review - Surgical recommendations for the use of postoperative wound drainage systems;

• VariVac the new drainage regulator for low variable continuous vacuum levels;

• Product information for Medinorm LVS,  Medinorm LVS NG, Medinorm HVS and DONOR blood reinfusion.

Contact your distributor or mail to export@vanstratenmedical.com

For more information contact the export department of 
Van Straten Medical or your local distributor.

Developed by Van Straten Medical, an ISO 13485 certifi ed 
company. All rights reserved. Manufactured by Medinorm 
GmbH, Germany, a production facility within the Van 
Straten Medical Group, The Netherlands.

Your distributor:

P.O. Box 440, 3430 AK Nieuwegein, The Netherlands T. +31 (0)30 602 38 30 F. +31 (0)30 602 38 33 
Email: export@vanstratenmedical.com  Internet: www.vanstratenmedical.com

REFERENCES

[1] McLean WC, “The role of closed wound negative pressure 
in radical surgical procedures of the head and neck,” 
Laryngoscope, vol. 74, pp. 70-94, 1964.

[2] Chaffi n RC, “Suction drainage in the prevention and 
treatment of peritonitis and its complications,” West. Jour. 
Surg., vol. 48:727, 1940.

[3] Redon C, et al., “La fermeture sous de depression de plaies 
étendues.,” Mem l’Acad Chir, vol. 80, pp. 394-396, 1954.

[4] Rudberg C and Tera H, “How does the increasing fi lling of 
the vacuum source diminish the suction in modern portable 
drainage systems?,” Acta Chir Scand, vol. 154, pp. 1-8, 1988.

[5] Bermann AT, et al., “Comparison between intermittent 
(spring-loaded) and continuous closed suction drainage of 
orthopedic wounds: a controlled clinical trial,” Orthopedics, 
vol. 13, pp. 309-314, 1990.

[6] Wittmann FW and Ring PA, “Blood loss associated with ring 
uncemented total knee replacement: comparison between 
continuous and intermittent suction drainage,” J R Soc Med, 
vol. 77, pp. 556-558, 1984.

[7] Whitson BA, et al., “Not every bulb is a rose: a functional 
comparison of bulb suction devices,” J Surg Res, vol. 156, pp. 
270-273, 2009.

[8] Heissing R, et al., “Wound drainage with continuous 
high vacuum vs. variable vacuum suction drainage | 
Wunddrainage mit einem kontinuierlichen Hochvakuum-
Drainagesystem und einem Drainagesystem mit variablem 
Vakuum,” Unfallchirurg, vol. 98, pp. 522-525, 1995.

[9] C. Mohadjer, “Pressure-volume relations of wound suction 
drainage containers and suction capacity of drains | Druck-
volumen-analysen von wundsaugdrainagefl aschen und 
saugvermogen von drainageschlauchen,” Langenbecks 
Archiv für Chirurgie, vol. 379, pp. 285-290, 1994.

[10] Fay MF, “Drainage systems. Their role in wound healing,” 
AORN J., vol. 46, pp. 442-455, 1987.

[11] Tai TW, et al., “Temporary Drainage Clamping After 
Total Knee Arhtroplasty. A Meta-Analysis of Randomized 
Controlled Trials,” Journal of Arhtroplasty, 2009.

[12] Benoni G and Fredin H, “Low- or high-vacuum drains in 
hip arthroplasty? A randomized study of 73 patients.,” Acta 
Orthop Scand, vol. 68, pp. 133-137, 1997.

[13] Chandratreya A, et al., “To drain or not drain: literature 
versus practice,” J R Coll Surg Edinb, vol. 43, pp. 404-406, 
1998.

[14] Drinkwater CJ and Neil MJ, “Optimal timing of wound 
drain removal following total joint arthroplasty,” J 
Arthroplasty, vol. 10, pp. 185-189, 1995.

[15] Willet KM, et al., “The effect of suction drains after total hip 
replacement,” 1988, vol. 70, pp. 607-610, 1988.

[16] Barie PS, “Are we draining the life from our patients?,” Surg 
Infect, vol. 3, pp. 159-160, 2002.

[17] Barton A, et al., “Early removal of postmastectomy drains is 
not benefi cial: results from a halted randomized controlled 
trial,” Am J Surg, vol. 191, pp. 652-656, 2006.

[18] Droeser RA, et al., “Volume-controlled vs no/short-term 
drainage after axillary lymph node dissection in breast cancer 
surgery: A meta-analysis.,” Breast, vol. 18, pp. 109-114, 2009. Interested in one the following brochures? 

• Scientifi c Review - Surgical recommendations for the use of postoperative wound drainage systems;

• VariVac the new drainage regulator for low variable continuous vacuum levels;

• Product information for Medinorm LVS,  Medinorm LVS NG, Medinorm HVS and DONOR blood reinfusion.

Contact your distributor or mail to export@vanstratenmedical.com

For more information contact the export department of 
Van Straten Medical or your local distributor.

Developed by Van Straten Medical, an ISO 13485 certifi ed 
company. All rights reserved. Manufactured by Medinorm 
GmbH, Germany, a production facility within the Van 
Straten Medical Group, The Netherlands.

Your distributor:

P.O. Box 440, 3430 AK Nieuwegein, The Netherlands T. +31 (0)30 602 38 30 F. +31 (0)30 602 38 33 
Email: export@vanstratenmedical.com  Internet: www.vanstratenmedical.com

REFERENCES

[1] McLean WC, “The role of closed wound negative pressure 
in radical surgical procedures of the head and neck,” 
Laryngoscope, vol. 74, pp. 70-94, 1964.

[2] Chaffi n RC, “Suction drainage in the prevention and 
treatment of peritonitis and its complications,” West. Jour. 
Surg., vol. 48:727, 1940.

[3] Redon C, et al., “La fermeture sous de depression de plaies 
étendues.,” Mem l’Acad Chir, vol. 80, pp. 394-396, 1954.

[4] Rudberg C and Tera H, “How does the increasing fi lling of 
the vacuum source diminish the suction in modern portable 
drainage systems?,” Acta Chir Scand, vol. 154, pp. 1-8, 1988.

[5] Bermann AT, et al., “Comparison between intermittent 
(spring-loaded) and continuous closed suction drainage of 
orthopedic wounds: a controlled clinical trial,” Orthopedics, 
vol. 13, pp. 309-314, 1990.

[6] Wittmann FW and Ring PA, “Blood loss associated with ring 
uncemented total knee replacement: comparison between 
continuous and intermittent suction drainage,” J R Soc Med, 
vol. 77, pp. 556-558, 1984.

[7] Whitson BA, et al., “Not every bulb is a rose: a functional 
comparison of bulb suction devices,” J Surg Res, vol. 156, pp. 
270-273, 2009.

[8] Heissing R, et al., “Wound drainage with continuous 
high vacuum vs. variable vacuum suction drainage | 
Wunddrainage mit einem kontinuierlichen Hochvakuum-
Drainagesystem und einem Drainagesystem mit variablem 
Vakuum,” Unfallchirurg, vol. 98, pp. 522-525, 1995.

[9] C. Mohadjer, “Pressure-volume relations of wound suction 
drainage containers and suction capacity of drains | Druck-
volumen-analysen von wundsaugdrainagefl aschen und 
saugvermogen von drainageschlauchen,” Langenbecks 
Archiv für Chirurgie, vol. 379, pp. 285-290, 1994.

[10] Fay MF, “Drainage systems. Their role in wound healing,” 
AORN J., vol. 46, pp. 442-455, 1987.

[11] Tai TW, et al., “Temporary Drainage Clamping After 
Total Knee Arhtroplasty. A Meta-Analysis of Randomized 
Controlled Trials,” Journal of Arhtroplasty, 2009.

[12] Benoni G and Fredin H, “Low- or high-vacuum drains in 
hip arthroplasty? A randomized study of 73 patients.,” Acta 
Orthop Scand, vol. 68, pp. 133-137, 1997.

[13] Chandratreya A, et al., “To drain or not drain: literature 
versus practice,” J R Coll Surg Edinb, vol. 43, pp. 404-406, 
1998.

[14] Drinkwater CJ and Neil MJ, “Optimal timing of wound 
drain removal following total joint arthroplasty,” J 
Arthroplasty, vol. 10, pp. 185-189, 1995.

[15] Willet KM, et al., “The effect of suction drains after total hip 
replacement,” 1988, vol. 70, pp. 607-610, 1988.

[16] Barie PS, “Are we draining the life from our patients?,” Surg 
Infect, vol. 3, pp. 159-160, 2002.

[17] Barton A, et al., “Early removal of postmastectomy drains is 
not benefi cial: results from a halted randomized controlled 
trial,” Am J Surg, vol. 191, pp. 652-656, 2006.

[18] Droeser RA, et al., “Volume-controlled vs no/short-term 
drainage after axillary lymph node dissection in breast cancer 
surgery: A meta-analysis.,” Breast, vol. 18, pp. 109-114, 2009. Interested in one the following brochures? 

• Scientifi c Review - Surgical recommendations for the use of postoperative wound drainage systems;

• VariVac the new drainage regulator for low variable continuous vacuum levels;

• Product information for Medinorm LVS,  Medinorm LVS NG, Medinorm HVS and DONOR blood reinfusion.

Contact your distributor or mail to export@vanstratenmedical.com

For more information contact the export department of 
Van Straten Medical or your local distributor.

Developed by Van Straten Medical, an ISO 13485 certifi ed 
company. All rights reserved. Manufactured by Medinorm 
GmbH, Germany, a production facility within the Van 
Straten Medical Group, The Netherlands.

Your distributor:

P.O. Box 440, 3430 AK Nieuwegein, The Netherlands T. +31 (0)30 602 38 30 F. +31 (0)30 602 38 33 
Email: export@vanstratenmedical.com  Internet: www.vanstratenmedical.com

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.

Figure 4.2 – Vacuum-volume curves of intermittent 
     drainage systems [4]
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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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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.

Figure 4.2 – Vacuum-volume curves of intermittent 
     drainage systems [4]

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 
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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 
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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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.

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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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
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Passive 0
Active – low vacuum up to 200
Active – high vacuum up to 760
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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].
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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].
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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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utilizing a constant suction.

A constant suction provides a better wound healing.
The wound edges are constantly kept together during 
the drainage process. The pre-evacuated systems will 
provide a continuous negative pressure inside the 
wound area. 

The Medinorm high- and low vacuum wound drainage 
systems with constant suction are being produced in 
the production facilitity of Van Straten Medical, named 
Medinorm, which is located in Germany (founded in 
1984 by mr. J. van Straten).

Germany has always been the production country of 
choice, because this country is renowned for its high 
precision and excellent production quality of medical 
products.

More that 25 million Medinorm wound drainage 
systems have been used clinically since 1984.
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Medinorm wound drainage for optimal wound drainage

replacing systems and to provide a better wound 

systems in more than 35 countries.

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].
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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].
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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
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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 
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procedures. In addition, McLean reviewed a number of articles 
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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
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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 
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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 
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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
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Passive 0
Active – low vacuum up to 200
Active – high vacuum up to 760
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Figure 3 – Continuous versus intermittent [4]
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SCIENTIFIC REVIEW: 
POSTOPERATIVE WOUND DRAINAGE METHODS

HOW TO CHOOSE THE APPROPRIATE WOUND 
DRAINAGE SYSTEM?

  Today, postoperative closed suction drainage 
(CSD) of wounds after several surgical procedures has 
become a routine practice to facilitate wound healing. 
On one hand, the theoretical benefi ts of wound drainage 
have been confi rmed by multiple clinical studies. On the 
other hand, the debate exists whether postoperative wound 
drainage is effective for various types of surgeries. For each 
surgery, the important question for surgeons is whether it is 
necessary to use closed suction drainage, and why it should 
be used. Van Straten Medical and Bart Pater, graduate 
student Biomechanical Engineering from the University of 
Twente, The Netherlands, started a literature study to fi nd 
an answer. It was a challenge to fi nd clear indications for 
the use of wound drainage systems, but several important 
recommendations have been found. 

In this review, the history of wound drainage is described, 
the purpose of wound drainage is formulated, the principle 
and infl uence of the vacuum levels are discussed, the optimal 
drainage system is investigated and recommendations are 
given for several types of surgeries.

INTRODUCTION TO POSTOPERATIVE WOUND 
DRAINAGE

History
  For many years, surgeons have made attempts to 
prevent accumulation of serous fl uid beneath wound fl aps and 
to improve approximation of the underlying tissues by applying 
bulky pressure dressings [1]. However, when these dressings 
got saturated, infections and necrosis frequently developed in 
the underlying tissues, which increased the morbidity. In 1897 
Charles Penrose developed the passive drain and in 1932 Chaffi n 
developed the fi rst commercially available suction drainage 
system. The, so-called ‘continuous suction’ drainage system 
showed major advantages over pressure dressings [2]. In the 
1950s, Professor Redon developed a pre-vacuumed and reusable 
wound drainage system. He recommended to use the system 
postoperatively in orthopaedic surgeries in order to prevent 
infections and haematoma [3]. Later, several other mechanisms, 
such as balloons and spring-loaded devices, were developed to 
create negative suction pressures. Since then, the use of wound 
drainage has grown signifi cantly and has been used routinely 
in many types of surgeries. Today, there is a tendency in the 
literature to fi nd the most appropriate wound drainage system 
for each patient’s individual situation.
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  The objective of this clinical update is to summarize 
the literature about the application of drainage systems in 
various surgeries. The results of this literature review can 
be used as a recommendation for surgeons and nurses to 
determine which closed suction drainage (CSD) should be 
used. Furthermore, this clinical update also recommends if 
CSD should be either a high or low vacuum system. 

ORTHOPAEDICS

  Opinions about the use of wound drainage systems 
within orthopaedics vary per surgical procedure. Knee and hip 
replacement and spinal surgery are discussed here.

Orthopaedics - Knee and hip arthroplasty
  Waugh and Stinchfi eld were the fi rst to describe CSD as 
a solution to the high infection rate that was associated with open 
and passive drainage methods [1]. Today, most orthopedic surgeons 
use CSD routinely after joint arthroplasty. Parker et al. reviewed a 
number of studies to determine the advantages and disadvantages 
of wound drainage versus no drainage [2]. On one hand, the routine 
use of CSD for hip and knee arthroplasty may increase the need for 
blood transfusion and drain specifi c complications [3-4]. On the 
other hand, the results of Confalonieri et al. showed that the non-
drainage group developed more complications, however these were 
of minor impact and did not result in increased hospital stay [5].
  Ritter concluded that postoperative CSD offer some 
advantages in the outcome of knee and hip arthroplasty [6]. From 
the results of Ovadia et al., CSD showed no statistical difference 
in the hemoglobin levels and in the number of blood transfusions 
required for hips. Following knee arthroplasty, however, signifi cant 
more blood transfusion was needed. They recommend continuing 
the use of CSD after knee arthroplasty to reduce the possibility 
of serous wound leakage [7]. In a study of Kim et al., the routine 
use of CSD after primary hip arthroplasty demonstrated the 
reduced number of dressing reinforcements. Therefore CSD was 
recommended, as it reduced the amount of blood leaking through 
the wound. It also reduced the occurrence of bruising, erythema, 
and the psychological impact on the patient’s fear of bleeding [8]. In 
another study they found the same results for knee arthroplasty and 
suggested that suction drainage may reduce deep infection [9]. The 
use of CSD was not associated with increased pain, negative effects 

on the rehabilitation, and the wounds showed a small decrease in 
swelling [10].
  The apparent relation between the timing of drain 
removal and the conclusions of the drainage vs. no drainage studies 
is an interesting point. The studies of Kim and Ritter removed 
the drain after 24 hours, while the other studies of Ovadia,  
Confalonieri and Beer removed the drain after 48 hours or more. 
Ritter used an intermittent reinfusion system (Solcotrans), and did 
not give attention to that point. The review of Parker [2] did not 
consider the timing of drain removal. It might be expected that 
less complications were found when the drain was removed within 
24 hours. Even the increased need for blood transfusions might be 
lower, because less secretion will be drained.
  Gerngross concluded already in 1989 that high vacuum 
levels do not have any benefi ts in orthopaedics compared to low 
vacuum CSD [11]. In 2000, Morgan-Jones concluded that high 
vacuum levels are not necessary compared to low vacuum levels 
[12]. More recently in 2006, Cheung et al. investigated the effect 
of the vacuum level in knee arthroplasty and low vacuum drainage 
(350 mmHg) resulted in less blood loss without a signifi cant 
increase in wound complications. The high vacuum group (600 
mmHg) had a signifi cantly higher drainage volume and decrease in 
hemoglobin level [13]. In 1997, Benoni et al. concluded that high-
vacuum drains initially evacuated more blood, had more irritating 
effect in the wounds and caused more damage to tissue than 
low vacuum CSD [14]. Heissing et al. argued that the possibility 
of a variable pressure that can be adapted to the drain situation 
and healing stage might have favourable infl uence on the healing 
process. He studied the application of a variable system after hip 
replacement in which fi rst a passive drainage was used. After six 
hours postoperatively the system had a negative pressure of 225 
mmHg. The results showed a more effective secretion drainage, 
less severe haematomas, less occlusion of drains and better wound 
healing [15]. Strahovnik et al. investigated in a recent study whether 
the duration of low vacuum closed suction drainage affects the 
occurrence and duration of prolonged serous drainage after total 
hip arthroplasty in 139 patients [16]. They found that the duration 
of wound drainage within clinically acceptable time limits (of 24-48 
hours drainage) does not have any infl uence on the incidence and 
duration of prolonged serous drainage. Prolonged serous drainage 
was not present when no drainage was used, but this method was 
associated with increased swelling and pain of the thigh. The 
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Abstract: 
Closed wound drainage following certain orthopaedic surgical procedures has become a routine 
surgical practice. Drains of many different types have been used, but little research has been done to 
establish the amount and duration of drainage or compare the effectiveness of their design toward 
wound healing. 
 
A randomised prospective trial of a continuous vacuum system and an intermittent spring type system 
was conducted in 126 consecutive orthopaedic surgical wounds. 
 
Our results show that continuous vacuum leads to a greater total drainage volume, significantly better 
wound haemostasis, and better flap opposition, as demonstrated by decreased wound drainage 
following drain removal, than that of an intermittent spring-loaded system. 
 
A bellow system device must be monitored frequently by the nursing staff and must be emptied 
frequently to maintain a vacuum source. 
 
The continuous vacuum system was found to provide significantly better wound approximation and 
less days of drainage into the wound dressing following drain removal than the spring-loaded system. 
 
Continuous vacuum suction resulted in the absence of wound haematoma, no delayed wound 
drainage, no infection, or post-hospital discharge complications, while that of intermittent spring-
loaded suction resulted in consistent excessive wound drainage after suction catheter removal, one 
case of epidermolysis about the operative incision, and one case of delayed wound drainage following 
discharge from the hospital.  
-----------------------------------------------------------------------------------------------------------------------------  
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Comparison Between Intermittent (Spring-Loaded) and Continuous Closed Suction 
Drainage of Orthopedic Wounds: A Controlled Clinical Trial 
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ABSTRACT: 
A randomized prospective trial of a continuous vacuum system and an intermittent spring 
type system (Hemovac) was conducted in 126 consecutive orthopedic surgical wounds 
between February 1988 and October 1988 in which postoperative suction drainage was 
required. Comparison between the two groups showed a statistically significant difference 
among total drainage removed by the vacuum units and wound drainage into the dressing 
following drain removal. Hip and knee arthroplasty patients receiving continuous vacuum 
suction experienced a greater average drainage volume and better wound healing than those 
receiving the spring-loaded device. Overall, all wounds which utilized continuous vacuum 
drained less serosanguinous or serous fluid than those wounds utilizing the intermittent 
system following drain removal. A clear advantage to using a continuous vacuum suction 
device over an intermittent spring-loaded device is seen with respect to hematoma evacuation, 
wound drainage, wound healing, and possible complications. 
 
Introduction 
Closed wound drainage following certain orthopedic surgical procedures has become routine 
surgical practice. Postoperative vacuum suction of surgical wounds is done with the intention 
of preventing the formation of wound hematomas, thereby decreasing the infection rate and 
enhancing wound healing. Suction drainage of orthopedic wounds has been shown to provide 
for a relatively uncomplicated postoperative course.1 
Drains of many different types have been used, but little research has been done to establish 
the amount and duration of drainage or compare the effectiveness of their design toward 
wound healing. The most commonly used evacuators utilize either grenade type or spring-
loaded portable systems. These drains have been reported to provide between 30 mm and 125 
mm Hg negative pressure upon full evacuation and to influence the degree of filling of the 
vacuum source.2 As the spring-type vacuum source fills, the residual negative pressure falls. 
Alternatively, the continuous vacuum controller provides a -200 mm Hg vacuum pressure. 
This unit allows constant uninterrupted suction drainage. 
We conducted a randomized clinical trial to compare the effectiveness of low vacuum (spring-
loaded) Hemovac units to that of continuous high vacuum units with respect to hematoma 
formation, overall drainage volume, and wound complications. This report represents the 
results of a prospective study of 109 consecutive orthopedic surgical patients between 
February 1984 and November 1988 requiring postoperative wound evacuation. 
 
Materials and Methods 
A series of 126 consecutive operative wounds requiring suction drainage was studied from 
February 1988 to October 1988. Criteria for patient inclusion in the study was based on the 
need for routine postoperative wound suction drainage. All operations were performed in a 
similar manner by the same three surgeons. 
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