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Abstract

Background: Patients presenting with a sinus tract over total knee arthroplasty (TKA) are challenging cases of periprosthetic
joint infection (PJl). A 2-stage revision TKA has long been considered the gold standard for the management of PJI. At
our institution, approximately 85% of patients with PJI, including patients with a sinus tract, undergo |-stage revision
TKA. Purpose: We sought to evaluate rates of reinfection and reoperation and predictors of failure of |-stage revision
TKA in patients with a concomitant sinus tract. Methods: We retrospectively reviewed patients with PJI and a sinus tract
overlying TKA who underwent |-stage revision TKA following a well-defined surgical protocol at our institution between
January 2001 and December 2018. Of 170 patients included, 69 patients (40.6%) had a sinus tract overlying TKA; 101
patients without a sinus were the propensity-matched control group. Result: The success rate of controlling reinfection
with |-stage revision TKA with a concomitant sinus was 78.3% with a mean follow-up of 4.8 years. The most common
intraoperatively isolated organisms in patients with a sinus tract were coagulase-negative Staphylococcus in 28 patients
(40.6%), Staphylococcus aureus in 12 patients (17.2%), and polymicrobial infection in 14 patients (20.3%). A sinus tract in
line with the surgical wound was associated with a higher risk of reoperation than a sinus tract away from the wound.
Conclusion: Our retrospective study suggests that |-stage revision TKA may be a viable treatment option for patients
presenting with a sinus tract. A sinus in line with the former incision was associated with a higher rate of revision. Surgeons
should take into consideration this risk for revision before performing a |-stage exchange surgery.
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Introduction tomography (CT), or magnetic resonance imaging (MRI)
[3]. The presence of a sinus tract overlying a prosthetic joint

The incidence of periprosthetic joint infection (PJI) in pri- is 1 of the 2 major criteria for diagnosing PJI. This criterion
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Fig. |. Picture of a patient with 2 overlying sinuses in the area
of the scar.

is concordant with the definition for PJI of the European
Bone and Joint Infection Society [11] and the Infectious
Diseases Society of America [5].

Two-stage revision TKA has long been considered the
gold standard for the management of PJI with an overlying
sinus tract as this allows debridement of compromised peri-
articular tissues and convalescence of wounds before pro-
ceeding with definitive implantation of the prosthesis [16].
Therefore, the presence of a sinus tract was regarded as a
contraindication for 1-stage revision TKA in previous stud-
ies [8,10]. At our institution, approximately 85% of all
patients with PJI of the hip and knee are managed with
1-stage revision [4].

To perform a 1-stage revision for PJI, a strict protocol is
followed. This includes preoperative diagnosis of PJI as per
the ICM criteria, identification of the causative organism,
systematic and radical intraoperative debridement of the
compromised periarticular tissues and use of a cemented
prosthesis with antibiotic-loaded bone cement that is sensi-
tive to the isolated organism [1,5]. The presence of a sinus
tract is not a contraindication to performing 1-stage revision
for PJI at our institution if primary wound closure is possi-
ble. The advantages of 1-stage revision for knee PJI include
earlier return to function, shorter hospitalization, reduced
morbidity, and lower costs associated with avoiding a sec-
ond operative intervention [4].

The aim of this study was to review outcomes after
1-stage revision TKA for patients with an overlying sinus
tract and identify risk factors associated with reoperation or
reinfection.

Methods

Institutional review board approval was obtained prior to
the commencement of this study. A retrospective review
was undertaken of patients who underwent 1-stage revision
TKA with an overlying sinus tract between January 2001
and December 2018. The inclusion criteria were patients
who presented with a sinus tract overlying TKA and under-
went 1-stage revision TKA. This included patients with pri-
mary and revision TKA. We excluded patients managed
with 2-stage revision TKA for PJI and patients who had
total femur replacement and knee arthrodesis. Patients with
inadequate documentation or unable to be followed up dur-
ing the study period were also excluded.

A control group of patients who underwent 1-stage revi-
sion TKA for PJI without a sinus tract were selected from
our database during same time interval as those patients
with a sinus. The groups were matched by age, sex, and date
of the surgical procedure. This control group had the same
inclusion and exclusion criteria without the presence of a
sinus tract overlying the joint.

There were 177 patients with a sinus tract overlying
TKA during the study period. Fifty-one patients were
excluded as they were treated with a different surgical tech-
nique (23 with 2-stage exchange, 23 with arthrodesis, 5
with total femur replacement), 50 patients were lost to fol-
low up, and 7 patients had died at the time of data collec-
tion. Therefore, 69 patients were included in the sinus
cohort. A cohort of 101 patients who underwent 1-stage
revision TKA for PJI without a sinus tract in the same time
interval was selected as a control group (Fig. 2). The aver-
age age of patients in the sinus cohort was 74.3 years, with
a mean follow-up period of 58.8 months (0-208).
Demographic characteristics of the sinus and control group
were comparable (Table 1).

Multiple patient-related risk factors were analyzed,
including age, sex, body mass index (BMI), history of sep-
sis, and selected comorbidities (diabetes mellitus, rheu-
matic disorders, and renal failure). Procedure-related factors
were also collated, including the number of interventions
prior to the 1-stage revision, number of interventions spe-
cifically for the management of PJI, number of sinus tracts,
and the location of sinus tract in relation to the surgical
wound. Microbial results from preoperative joint aspirate
and intraoperative tissues were also obtained.

The follow-up of patients in the study was performed via
mailed questionnaires. If the patient did not respond by mail,
telephone follow-up was conducted to ascertain whether
reoperation was required after the 1-stage revision and if so,
the cause of reoperation. The study’s primary endpoints
were reinfection, aseptic revision, or wound complications.

All patients had a preoperative aspiration performed at
our institution to identify the organism. In addition, multi-
ple intraoperative deep tissues were sent for culture. No
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Fig. 2. Patient selection flow chart.
TKA total knee arthroplasty.

Table I. Demographics of study cohort.

Sinus (n=69) Control (n=101) P value
Age (mean) 743 74.7 .745
Gender (F/M) 38/31 49/52 401
Site (left/right) 34/35 45/56 .544
BMI (kg/m?) 30.55 = 531 29.62 = 4.08 282
Follow-up (months) 58.8 532 917
Operative Interventions prior to Single-Stage revision for PJ| 1-2 (2.9%) 124 (23.8%) <.001

2-5 (7.2%) 2-11 (10.9%)

3—10 (14.5%) 3-25 (24.8%)

4-11 (15.9%) 4-10 (9.9%)

=541 (59.4%) =5-31 (30.7%)
Operative Interventions for PJI Prior to Single-Stage 0-12 (17.4%) 041 (30.7%) .001

1-18 (26.1%) 1-28 (10.9%)

2-14 (20.3%)
>3-25 (36.2%)

2-16 (24.8%)
=3-15 (9.9%)

BMI body mass index, PJI periprosthetic joint infection.

microbial swabs were obtained from the sinus tract as this
has low correlation to the intra-articular organism [15]. All
patients with a sinus tract overlying TKA were classified as
infected.

The surgical protocol consisted of complete excision of
the old scar and sinus tract if the sinus tract was in-line with
the incision. If the sinus was not along the course of the
incision, a second incision was made to debride the sinus
tract and was closed by sutures at the end of the surgery. A
sufficient distance of at least 3 cm between the skin inci-
sions must be maintained to avoid wound necrosis. The

sinus tract should be excised down to the joint capsule. All
suspicious infected periarticular tissues were excised,
including collateral ligaments if necessary. At least 6 micro-
bial and 2 histological tissue samples were taken for cul-
ture. The tissue culture results were compared with the
preoperative aspiration culture results. All foreign material
was removed completely, followed by a radical debride-
ment of the infected joint. Debridement of the posterior
capsule was completed after removal of the prosthesis.
Subsequently, the surgical site was packed with poly-
hexanide-soaked gauze sponges, and intravenous antibiotic
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Table 2. Perioperative profile.

Sinus (n=69)

Control (n=101) P value

Location of sinus

Unknown—I10 (14.5%)

Nil-101

Along incision—24 (34.8%)
Outside incision—33 (47.8%)

Both—2 (2.09%)
Unknown—+4 (5.8%)
147 (68.1%)

2-11 (15.9%)

=3-7 (10.1%)

57 (82.6%)

36 (52.2%)

Number of sinus tract

Positive intraoperative tissue culture
Revision after single-stage
Reason for revision after single-stage

Aseptic revision—12 (17.4%)
Re-infection—15 (21.7%)
Wound revision—9 (13%)
No revision—33 (47.8%)

Nil-101

76 (75.2%) 253
39 (38.6%) .08
Aseptic revision—21 (20.8%) .035
Re-infection—15 (14.9%)

Wound revision—3 (3%)

No revision—62 (61.4%)

therapy was commenced based on the preoperative micro-
bial findings. The surgical area was re-draped and a new,
sterile set of surgical trays was used.

Antibiotic-loaded bone cement sensitive to the preopera-
tively identified organism is used to implant a revision pros-
thesis. A higher constraint implant, such as the cemented
Endo-Model hinged knee system (Waldermar Link GmbH
& Co) is used after debridement of the compromised periar-
ticular tissues. In cases of severe bone loss, femoral and
tibial cones are utilized. One drain is inserted into the joint
and removed on the second postoperative day. Intravenous
antibiotics are routinely administered for 12 to 14 days, fol-
lowed by oral antibiotics for at least 2 weeks.

Statistical Analysis

Differences in patient characteristics for continuous vari-
ables were initially analyzed using the Shapiro-Wilk test to
assess distribution. The comparison of continuous data with
Gaussian distribution was performed using a 2-tailed ¢-test;
otherwise, the Mann-Whitney U test was utilized. The dis-
tribution of categorical variables was compared using the >
test or the Fisher exact test according to the data frequency.
Statistical significance was defined as P < .05. The statisti-
cal software used was SAS 9.4 for windows. Patients with
and without a sinus tract were compared according to asep-
tic revision, reinfection, and wound healing problems.

Results

There was a significant difference in the rate of patients
who required reoperation between the sinus and control
cohorts (P = .04). In the sinus cohort, 33 (47.8%) patients
did not require reoperation following 1-stage revision. The
reasons for reoperation in the sinus cohort included aseptic

revision in 12 (17.4%), reinfection in 15 (21.7%), and
wound complication in 9 (13%) patients. From the control
cohort, 62 (61.4%) patients did not require reoperation after
1-stage revision TKA for PJI. Reasons for reoperation
included reinfection in 15 (14.9%), aseptic revision in 21
(20.8%), and wound complications in 3 (3%) patients. None
of our patients in the sinus cohort required plastic surgical
intervention for soft-tissue coverage (Table 2).

When bivariate analysis was performed with reinfection
as an outcome, the number of operations prior to 1-stage
revision TKA or the location of the sinus tract did not reach
statistical significance as a risk factor for predicting reinfec-
tion (Table 3). There was no correlation found between spe-
cific germ and reinfection. No case of methicillin-resistant
Staphylococcus aureus (MRSA) was included in the study
population, but MRSA was not considered as contraindica-
tion. Seventeen patients required reoperation for infection
in the sinus cohort. Reinfection with the same organism
occurred in 2 patients in the study cohort. One patient had a
reinfection with Streptococcus pneumoniae, and the other
patient with Staphylococcus aureus.

When reoperation following 1-stage revision TKA was
considered as an outcome, a sinus tract in line with the sur-
gical wound was associated with a higher risk of reopera-
tion than patients who had the sinus tract away from the
wound (P = .047) The number of operations prior to the
1-stage revision did not reach statistical significance as a
risk factor for requiring reoperation (P = .51) (Table 4).

The most common organism isolated from intraopera-
tive tissue samples in patients with a sinus tract was coagu-
lase-negative Staphylococcus in 28 patients (40.6%) and
Staphylococcus aureus in 12 patients (17.4%). Polymicrobial
infection occurred in 14 (20.3%) in the sinus cohort and 11
patients (10.9%) in the control cohort (Fig. 3) The organism
isolated from the tissue culture correlated to the organism
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Table 3. Reinfection after |-stage revision.

No reinfection (n=136) Reinfection (n=34) P value
Operative interventions prior to single-stage 121 (15.4%) 1-5 (14.7%) .15
revision for PJ| 2-16 (11.8%) 2-0 (0%)
3-30 (22.1%) 3-5 (14.7%)
4-16 (11.8%) 4-5 (14.7%)
=5-53 (39.0%) =5-19 (55.9%)
Location of sinus Nil/unknown—94 (69.1%) Nil/unknown—17 (50%) .502
Along incision—16 (11.8%) Along incision—8 (23.5%)
Outside incision—25 (18.4%) Outside incision—8 (23.5%)
Both—1 (0.7%) Both—I (2.9%)
PJI periprosthetic joint infection.
Table 4. Reoperation after |-stage revision.
No revision (n=95) Revision (n=75) P value
Operative interventions prior to 1-14 (14.7%) 1-12 (16%) 501
single-stage revision for Pl 2-12 (12.6%) 24 (5.3%)
3-19 (20.0%) 3-16 (21.3%)
4-13 (13.7%) 4-8 (10.7%)
=5-37 (38.9%) =5-35 (46.7%)
Location of sinus Nil/unknown—66 (69.5%) Nil/unknown—45 (60%) .047

Along incision/both—9 (9.5%)
Outside incision—20 (21.1%)

Along incision/both—17 (22.7%)
Outside incision—13 (17.3%)

PJI periprosthetic joint infection.

isolated from preoperative joint aspirate in 46 (66.7%)
patients in the sinus cohort. A positive deep tissue culture
with Pseudomonas was significantly associated with pres-
ence of a sinus tract (P = .03). The most common germ in
the group without a sinus was coagulase-negative
Staphylococcus (Fig. 3).

Discussion

A sinus tract overlying TKA presents a management
dilemma, even for an experienced arthroplasty surgeon.
Although studies examining the use of 1-stage revision
TKA with concomitant sinus tract are lacking in the litera-
ture, studies have evaluated the use of 1-stage revision total
hip arthroplasty (THA) in patients who presented with a
sinus tract overlying THA. The outcomes after 1-stage revi-
sion THA with a sinus tract are favorable with reoperation
rates of 4.7% to 14% [9,12]. In our study, we found a small
but statistically significant increased need for all-cause
revision (52% vs 39%) and revision for recurrent sepsis
(22% vs 15%) in the cohort with a sinus tract.

The limitations of this study include those inherent to a
retrospective design. Since we perform 1-stage revision
TKA in most of our patients with PJI, we could not compare,
without bias, the results of 1-stage vs 2-stage revision TKA

in patients with a sinus tract overlying TKA. Due to the
rather small sample size, the results of multivariate analyses
are limited. Furthermore, we lost a significant number of
patients to follow-up owing to the long study period (begin-
ning in 2001) and the senior age at which patients underwent
the operations. Finally, we excluded patients for whom we
could not achieve primary wound closure. The proportion of
patients who required advanced soft-tissue management was
small and managed within a multidisciplinary team.

Razii et al [13] analyzed outcomes after 1-stage revision
TKA and included patients with a sinus tract; although they
did not quantify the number of patients who had a sinus
tract prior to 1-stage revision, they reported a success rate at
5 years of 83.5%. The results from our institution with
1-stage revision TKA without excluding patients with a
sinus tract was 93% for 10-year infection-free survival [17].
When we specifically examined patients with a sinus tract
overlying TKA, 78.3% of patients from the sinus cohort
were successfully managed with 1-stage revision TKA with
a mean follow-up of 4.8 years.

Our study suggests that a sinus tract in-line with the sur-
gical incision is associated with a higher risk of reoperation
than a sinus tract away from the incision. We recognize that
excluding patients who could not have primary wound clo-
sure from the cohort is a confounding factor. Nevertheless,
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Fig. 3. Microbial characteristics in the 2 groups.

CNS Coagulase-negative Staphylococcus, C. Acnes Cutibacterium acnes, S. Aureus Staphylococcus aureus.

this is an unexpected result as the difficulty of the soft-tis-
sue closure would be more significant, and thus the risk of
complications is higher if the sinus tract is away from the
original surgical wound.

Davis et al [2] demonstrated that patients who present
with a sinus tract overlying TKA had 1 or more non-defini-
tive procedures (radiology drain placement, debridement of
the infected joint) prior to definitive revision TKA. Our study
demonstrated a similar finding where patients undergoing
multiple procedures prior to definitive management of PJI
were at a higher risk of developing a sinus tract (P = .001).
However, our study could not correlate the number of prior
procedures to the risk of failure after 1-stage revision TKA.

A draining sinus appears to be a risk factor for polymicro-
bial PJI, which can increase the risk of amputation, arthrod-
esis, or death [14]. Tetreault et al [15] reported polymicrobial
infection in 11.8% of deep cultures in patients with a sinus
tract over hip or knee arthroplasty. This study identified
polymicrobial organisms in 20.3% of patients in the sinus
group, although this was not a significant risk factor for
reoperation. Similar to 2-stage revision TKA, higher risk of
failure is reported when 1-stage revision TKA is performed
for patients with polymicrobial PJI [13]. In this study, we did
not obtain superficial cultures in our sinus cohort as there is
poor correlation between superficial culture results to intra-
operative tissue cultures, thus potentially complicating anti-
microbial treatment [15]. Finally, 66.7% of patients from the
sinus cohort had the same organism from intraoperative tis-
sue cultures and preoperative aspirate, but it was not a sig-
nificant risk factor for reinfection. Antibiotics were modified
during the postoperative period, with advice from a multi-
disciplinary team, in cases where there was a discrepancy
between the tissue and aspirate culture results.

In conclusion, this retrospective study suggests that
1-stage revision TKA may be a viable management option

in patients with a sinus tract overlying TKA. We found that
a sinus tract in line with the surgical incision showed a
higher rate of reoperation than a sinus tract away from the
wound. This risk for revision should be taken into consider-
ation by surgeons planning a 1-stage septic exchange.
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