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Abstract 

The decision to perform open debridement in case of a 
suspected acute periprosthetic infection is a most difficult one 
in orthopaedic implant surgery. The aim of this study is to 
evaluate the results of an ad hoc versus a protocolled 
approach, with regard to the recording of persisting wound 
drainage after placement of a primary joint prosthesis and the 
salvage of prostheses in patients with persisting wound 
drainage. Charts of patients after primairy total joint prostheses 
were studied retrospectively. 247 Patients with 250 prostheses 
formed group I (ad hoc approach) and were observed and 
treated by one of the attending orthopaedic surgeons in the 
absence of a protocol. In group II (protocolled group), 304 
patients with 308 prostheses were observed and treated 
according to the proposed protocol.  
The percentage of patients with a registered persisting drainage 
of the operative wound in group II is almost twofold that of 
patients with persisting wound drainage in group I (21% and 
11%, respectively). Yet, the number of open debridements 
carried out in group II (17%) was lower than in group I (30%) 
and the salvage rate of prostheses with persisting drainage in 
group II (94%) was higher than in group I (85%). However, 
the main advantage was seen in the prostheses that were not 
debrided and remained free of infection at the last follow up, 
which amounted 98% in group II versus 90% in group I. 
Protocolled observation and treatment yields a significant 
increase in the number of persistent wound drainages 
registered. Besides better registration, a protocolled approach 
enables more successful selection of patients in whom open 
debridement is not necessary.  
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Introduction  

Deep periprosthetic infection following the placement of a total 
joint prosthesis is a major complication. Historically, in the 
decision-making process to deal with this complication, the 
infection should be classified according to onset and duration. 
Open debridement and retention of the infected prosthesis 
should be reserved for infections in the early post-operative 
phase. The result of this operative intervention usually 
eradicates between 14% and 71% of all infections (Crockarell 
et al. 1998, Tsukayama et al. 1996). To make early 
debridement successful, it should be performed within 3 to 4 
weeks after the initial procedure (Hanssen and Spangehl 2004), 
although when the offending micro-organism is Staphylococcus 
aureus (Brandt et al. 1997) the opportunity for a successful 
debridement seems to be shorter than 2 days.  
The decision to perform a second operative procedure is a 
difficult one. Every surgeon faced with this decision has to 
balance the probability of performing an unnecessary operative 
intervention with it’s own chances upon complications against 
the probability of not performing a necessary open debridement 
in case of a true acute periprosthetic infection. This decision 
can only be made when post-operative signs are adequately 
noticed and reported by medical personnel directly involved in 
the care for these patients. In large academic centers, the 
medical personnel is formed by a constantly changing 
population with various levels of experience and knowledge, 
which make a proper judgement on a difficult clinical decision 
such as to perform open debridement extra difficult and the 
decision is frequently taken on an ad hoc basis. In order to 
maintain a high level of suspicion for cases of impending 
infection, we developed a protocolled approach for this clinical 
problem.  
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In order to intervene as early as possible when a periprosthetic 
infection is developing, persisting wound discharge is taken as a 
starting point in the decision protocol, which furthermore 
includes measurement of CRP and ESR. The presence of a 
superficial wound infection after placement of a total joint 
prosthesis has been identified as a significant risk factor for 
development of periprosthetic infection, but the exact extent of 
the risk is unknown (Abudu et al. 2002, Gaine et al. 2000, 
Surin et al. 1983, Knobben et al. 2006). Patients with wound 
discharge of 5 days or longer were reported to have 12.7 times 
higher risk of getting late periprosthetic infection compared to 
patients with a shorter wound discharge (Saleh et al. 2002). 
Due to the systemic effects of an operative procedure, post-
operative CRP and ESR become elevated and even though 
these values can stay elevated for nearly a year (Aalto et al. 
1984, Shih et al. 1987), CRP and ESR should show a tendency 
to settle down in the immediate post-operative period 
(Choudhry et al. 1992, Larsson et al. 1992). Persisting wound 
drainage after placing a primary total joint prosthesis and 
failure of decreasing post-operative CRP and ESR values form 
the basis of our decision protocol that was introduced in the 
orthopaedic department of our hospital in March 2003. This 
decision protocol is schematically presented in Figure 1.  
The aim of this study is to evaluate the results of this 
protocolled approach with regard to the recording of persisting 
wound drainage after placement of a primary joint prosthesis 
and the salvage of prostheses in patients with persisting wound 
drainage. The study was carried out in a teaching hospital and 
a historical group of patients was used as a control (ad hoc 
approach). 
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Figure 1.  Decision-making protocol in case of persisting wound drainage 
after placement of a primary total joint prosthesis for open debridement. 
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Material and Methods 

This retrospective study was conducted between January 2002 
and January 2005. In this period a total of 558 (including 551 
patients) primary total joint prostheses have been placed in the 
University Medical Center Groningen, of which were 192 Total 
Knee Arthroplasties (TKA) and 366 Total Hip Arthroplasties 
(THA). This study was approved by the Medical Ethical 
Committee for human experiments of our hospital. All 
operations were carried with standard peri-operative care, 
including 1000 mg cefazolin (Eurocept bv, Kortenhoef, The 
Netherlands) antibiotic prophylaxis for 24 h. For prevention of 
Deep Venous Thrombosis (DVT) Acenocoumarol (Centrafarm, 
Etten-Leur, Netherlands) 1 mg. was used. An International 
Normalized Ratio (INR) between 2.0 and 3.0 was considered to 
be adequate for preventing DVT. One deep low-pressure 
suction drain was used. 
The study population was divided in 2 groups at the start of our 
protocol in March 2003:  
Group I: Patients treated from January 2002 to March 2003. In 
this historical group, patients with a primary total joint 
prosthesis and a possible periprosthetic infection in the early 
post-operative phase were debrided by an ad hoc approach 
without protocol. The decision to perform an open debridement 
was made by the surgeon present when and if the problem was 
noted. This was not always the treating surgeon. 
Group II: Patients treated from March 2003 to January 2005. In 
this group, patients with persisting wound drainage for at least 
5 days were treated according to the protocol described below 
(see also Figure 1). 
Baseline characteristics of the study population are given in 
Table 1. The p-values were not statistically different between 
the characteristics of the ad hoc group I and the protocolled 
group II. 
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Table 1. Baseline characteristics of study population. 

 

 Group I  

250 
prostheses 

Group II  

308 
prostheses 

Fisher’s 
exact 

p-value 

Mean patient age in 
years  

64.2 ± 13.6 

 

66.5 ± 13.2 

 

0.074 

Males/Total (%) 67/250 
(26.8%) 

97/308 
(31.5%) 

0.302 

Total Hip 
Arthoplasties 

167 

 

199 

 

0.367 

Total Knee 
Arthoplasties 

83 
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0.592 

Patients with 
reumatoid arthritis 

32 (12.8%) 42 (13.6%) 0.900 

 

Decision making process in historical “ad hoc” group 

In case of prolonged drainage of the wound after placement of 
the primary total joint prosthesis, the decision to perform an 
open debridement was made by the surgeon present when and 
if the problem was noted. This was not always the treating 
surgeon. There was no clear definition of what was called 
prolonged drainage.  
 

Decision making according to protocol 

If persisting drainage was clear and the clinical status of the 
wound, according to the classical signs of rubor, calor, dolor 
and tumor, was not suspect for infection, baseline values of 
ESR and CRP were determined on day 5 and close wound 
observation was indicated. If these clinical signs were suspect 
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for infection, an open debridement was indicated. If drainage 
persisted until day 7, ESR and CRP were again determined. In 
case of persisting drainage and a suspect clinical status of the 
wound OR in case of an increase in ESR/CRP values, there was 
an indication for open debridement. If this was not the case, 
again close wound observation was indicated. 
If drainage persisted until day 10, for the third time ESR and 
CRP were determined. We considered operative intervention 
indicated in case of persisting drainage until day 10, and only 
the combination of decreasing ESR/CRP values and diminishing 
drainage could withhold operative intervention at that moment.  
During the whole postoperative period it was the surgeon’s 
responsibility to judge the aspect of the drainage and/or clinical 
status of the wound in order to decide for or against open 
debridement.  
 

Post-operative treatment in case of open debridement 

performed 

In both groups, the treating surgeon decided intra-operatively, 
based on the macroscopic aspect of the periprosthetic tissue on 
the treatment modality to be used. If infection was not clearly 
present, biodegradable gentamycine-fleeces (GentaFleece®, 
Baxter AG, Vienna, Austria) were used. In cases of macroscopic 
pus and/or clearly inflamed periprosthetic tissue, gentamycine-
beads (Septopal®, Merck KGaA, Darmstadt, Germany) were 
placed. Removal of the gentamycine-beads necessitated a 
second opening of the wound after 2 weeks, during which re-
debridement was carried out when deemed necessary. After at 
least five samples had been taken from different places of the 
peri-prosthetic tissue during the first open debridement, 
combination antibiotic therapy was started until the culture 
results were known (Flucloxacilline (GlaxoSmithKline BV, Zeist, 
the Netherlands) 4 dd 1000 mg intravenously (iv) + 
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Rifampicine (Aventis Pharma BV, Hoevelaken, The Netherlands) 
1 dd 600 mg iv). As soon as the infecting organism was 
identified, antibiotic therapy was changed concordant to the 
antibiogram for a total of 6 weeks. Otherwise, the combination 
antibiotic therapy of flucloxacilline and rifampicine was 
maintained for 2 weeks intravenously and changed to an oral 
regime in the same dosage, to complete a total of 6 weeks of 
antibiotic therapy.  
Periprosthetic infection was defined as growth of identical 
micro-organisms on cultures of three or more specimens out of 
at least five specimens obtained during open debridement 
(Atkins et al. 1998). All patients were followed postoperatively 
with respect to persisting wound drainage. 
Failure of treatment was defined as a revision of the primary 
prosthesis because of septic complications. For the statistical 
analysis of the data, Fisher’s Exact test was used. 

 

Results 

During the study period, 91 out of 551 patients had a persisting 
post-operative drainage of the wound (see Table 2): 27 
patients out of 247 (11%) in the ad hoc group I and 64 out of 
304 (21%) in the protocolled group II, which is a significant 
difference (p = 0.0002). 
In group I, 8 out of 27 cases were treated with an open 
debridement. In this group there were 4 patients with a TKA 
and 4 with a THA. Among the 19 patients (70%) that were not 
debrided, 5 patients had a TKA and 14 had a THA. In group II, 
open debridement was performed in 11 out of 64 cases. 
Although the percentage of open debridements performed in 
group II was clearly smaller compared to group I, 17% vs. 30% 
respectively, this was not a significant difference (p = 0.258). 
Among the debrided patients in group II, there were 4 patients 
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with a TKA and 7 with a THA and among the non debrided there 
were 25 patients with a TKA and 28 with a THA (83%), all 
showing persistent wound drainage. In group I the mean time 
from the initial procedure until the moment of open 
debridement was 14 days (7-22 days), whereas in group II this 
was 10 days (6-16 days).  
 

Table 2. Registration of persistent wound drainage, number of open 
debridements carried out and their outcome with respect to revision or 
salvage of the prosthesis in group I (treated ad hoc) and group 2 (treated 
according to protocol).  

 

 

 

Group I 

N=247 patients 

Group II 

N=304 patients 

Patients with 
persistent 
wound 
drainage 

 

27 

 

64 

 Open 
debridement 
carried out 

No 
debridement 
carried out 

Open 
debridement 
carried out 

No 
debridement 
carried out 

Persistent 
wound 
drainage 

8 19 11 53 

Prostheses 
revised 

2 2 3 1 

Total 
number of 
revised 
prostheses 

 

4 

 

4 

Total 
number of 
salvaged 
prostheses 

 

23 

 

60 
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The number of failures of open debridement in group I, 2 out of 
8 (25%), and in group II, 3 out of 11 (27%) were not 
statistically different (p = 1.00). Group I and group II both had 
a total number of 4 failed prostheses. For the total group of 
patients with persisting drainage, the number of salvaged total 
joint prostheses increased from 85% (23 of 27 patients) in 
group I to 94% (60 out of 64 patients) in group II. In group I,  
2 out of 19 had a two-stage revision because of septic 
complications, while in group II only 1 out of 53 patients had a 
two-stage revision, which is not significant. 
 

Table 3. Overview of cultured micro-organism from the operatively 
debrided prostheses in group I and group II. 

Group I 

Micro-organism cultured Isolation frequency 

Staphylococcus aureus 2 

Coagulase-negative staphylococci 4 

Enterococci 1 

Unknown 2 

Group II 

Staphylococcus aureus 5 

Coagulase-negative staphylococci  2 

Klebsiella pneumoniae 1 

Pseudomonas 3 

Candida albicans 1 

Unknown 1 

 
In the combined two groups, 19 open debridements were 
carried out and in 16 patients infecting organisms could be 
determined (see Table 3). In the majority of these patients only 
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one organism was cultured. In 3 patients there were two 
infecting organism, of which one was always S. aureus. Two 
patients in group I did not harvest any micro-organisms, while 
in only one patient of group II infection could not be 
microbiologically confirmed. 
In the study population of 551 patients with 558 prostheses, an 
overall total of 11 (2.0%) have been revised because of septic 
complications. This number includes the revised prostheses 
from the persisting drainage group and the two-stage revision 
of prostheses that did not have prolonged drainage from the 
operative wound. 

 

Discussion 

In a large study population, we found our protocolled 
observation and treatment of patients with persisting drainage 
of the wound after a primary total joint prosthesis to be 
successful in electing patients in which an open debridement 
was not necessary. We regard the study population of 551 
patients as representative, considering the characteristics of 
this population (compare Table 1) and the micro-organism 
cultured after open debridement (see Table 3). Also the 
percentages of revised prostheses due to septic complications 
(2.0%) are comparable with other studies (Hanssen and Rand 
1999, Wymenga et al. 1992). 
Several authors have stressed the importance of the elapsed 
time between the index procedure and the moment of open 
debridement in case of a suspected early deep prosthetic 
infection of a TKP (Deirmengian et al. 2003, Mont et al. 1997, 
Rand 1993, Silva et al. 2002). All agree that the sooner open 
debridement is performed, the higher the chances of prosthesis 
salvage become. However, literature offers little help in the 
difficult decision as to whether it is safe to continue observation 
or even withhold open debridement in case of persisting 
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drainage after primary total joint prosthesis. In our study, 
fewer revisions in the absence of open debridement were 
performed in case persisting drainage was monitored according 
to a protocol. Although this change is clinically very important, 
this statement could unfortunately not be made statistically 
significant at a high p-value, despite the large initial numbers 
involved in this study. 
Our protocol “persisting wound drainage after primary total 
joint prosthesis” dictates the timing for debridement in case of 
a persisting drainage after placement of a primary total joint 
prosthesis. The decision has to be made within the time frame 
of the fifth until the tenth day after the primary procedure. The 
clinical aspect of the operative wound and the aspect of 
drainage are the key factors in the decision to perform or 
withhold an open debridement. Only a decrease in ESR and CRP 
or a decrease in drainage can postpone or alter this decision. 
By following this protocol the elapsed time from the index 
procedure to a debridement has diminished from a mean of 14 
to a mean of 10 days. 
Application of the protocol led to a salvage percentage of 75% 
in the debrided group, which was not significantly different from 
the ad hoc group 73%. Apparently, there is window of 
opportunity for successful salvage of an acute postoperative 
prosthetic infection. For early open debridement to be 
successful, it should be performed within 3 to 4 weeks after the 
initial procedure (Hanssen and Spangehl 2004). This study 
shows that there is no benefit of performing an operative 
debridement after a mean of 10 days instead of 14 days. 
After the introduction of the protocol, there seemed to be an 
increase in the percentage of patients with persisting drainage 
of the operative wound after placement of a primary total joint 
prosthesis and this can probably be explained by a raised 
awareness among the staff due to the introduction of the 
protocol. Despite this increase in the number of patients with a 
registered persisting drainage, the number of open 
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debridements decreased in this group. The decision modifying 
parameters of increasing or decreasing levels of ESR and CRP 
appear to control the number of debridements and provide a 
guideline to the treating surgeon with which he feels 
comfortable. Note, that this may be especially true in our large 
teaching hospital. Moreover, microbiological confirmation of 
infection could not be obtained in two patients of group I and in 
one patient of group II, which is an additional argument in 
favour of a protocolled approach. One drawback in the present 
protocol is the fact that in this use of post-operative levels of 
ESR and CRP it is sometimes hard to ascertain what magnitude 
of increase or decrease in these levels is to be considered 
significant. Another problem we encountered during the 
research period is that the judging of the clinical aspect of the 
wound  based on the classical signs of infection, the judging of 
the aspect of drainage and the amount of drainage was 
subjective. These subjective judgements and their large impact 
on the decision to perform a secondary operative procedure 
probably have influenced our results to some extent. 
The mean follow up period was 2.75 years, which might be 
considered short in the eyes of some (Mont et al. 1997, 
Schoifet and Morrey 1990). However, a deep prosthetic 
infection can develop anytime and a follow up time of almost 
three years as in this study must be considered sufficient to 
conclude on possible benefits of a protocolled versus an ad hoc 
approach.  
To our knowledge this is the first protocol in literature that 
seems capable to successfully elect patients in which it is safe 
to withhold an open debridement in case of persisting drainage 
in the early post operative phase after placement of a primary 
total joint prosthesis. Successful election was evidenced by a 
lower number of open debridements and a higher number of 
salvaged prostheses in patients not debrided, which is apart of 
cost savings and the prevention of major patients discomfort 
due to revision surgery. 
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