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ORIGINAL ARTICLE

Timing and Management of Surgical Site Infections in
Patients With Open Fracture Wounds: A Fluid Lavage of

Open Wounds Cohort Secondary Analysis

Carlos Prada, MD, MHSc,a Francesc A. Marcano-Fernández, MD, PhD,b

Emil H. Schemitsch, MD, FRCSC,c Sofia Bzovsky, MSc,a Kyle Jeray, MD,d Brad Petrisor, MD, MSc,a

Mohit Bhandari, MD, PhD, FRCSC,a,e and Sheila Sprague, PhDa,e on behalf of the FLOW Investigators

Background: Many studies report on the incidence or prevalence
of fracture-related surgical site infections (SSIs) after open fractures;
however, few studies report on their timing and management
outcomes. To address this gap, we used data from the Fluid
Lavage of Open Wounds trial to determine timing of diagnosis,
management, and resolution of SSIs.

Methods: All participants included in this analysis had an SSI after
an open fracture. Participants were assigned to a group based on the
type of SSI as follows: (1) those who developed a superficial SSI and
(2) those who had either a deep or organ/space SSI. Descriptive
statistics characterized the type, timing, and management of each SSI.

Results: Of the 2445 participants in the Fluid Lavage of Open
Wounds trial, 325 (13.3%) had an SSI. Superficial SSIs were
diagnosed significantly earlier [26.5 days, interquartile range (IQR)
12–48] than deep or organ/space SSIs (53 days, IQR 15–119). Of the
325 patients with SSIs, 174 required operative management and 151
were treated nonoperatively. For SSIs managed operatively, median
time for infection resolution was 73 days (IQR 28–165), and on aver-
age, 1.73 surgeries (95% confidence interval 1.58–1.88) were needed
during the 12 months follow-up. There were 24 cases whose SSIs
were not resolved at the time of the final follow-up visit (12 months).

Conclusions: Based on this study’s findings and in contradistinc-
tion to the Centers for Disease Control and Prevention guidelines,
after an open fracture, superficial SSIs were diagnosed at one month
and deep/organ/space SSIs at 2 months. This information can allow
for earlier infection detection. In addition, the knowledge that
approximately 50% of the SSIs in our study required a reoperation
and 3 months at a minimum to resolve will assist orthopaedic sur-
geons when counseling their patients.

Key Words: bone infections, open fracture surgical site infection,
osteomyelitis, timing of infections, secondary analysis, open fracture
management, surgical site infection treatment

Level of Evidence: Prognostic Level III. See Instructions for
Authors for a complete description of levels of evidence.

(J Orthop Trauma 2021;35:128–135)

INTRODUCTION
Complications after an open fracture are associated with

significantly impaired health-related quality of life and
increased costs to the health care system.1–3 The incidence
of surgical site infections (SSIs) after surgical treatment of an
open fracture has been widely explored and reported in many
previous studies.4–8 It is known that the incidence of SSIs
differs substantially depending on the severity of the injury
(Gustilo–Anderson classification type), with a reported inci-
dence of 0%–2%, 2%–10%, and 10%–50% for Gustilo–
Anderson types I, II, and III, respectively.4–8 Nevertheless,
there are few published studies on open fractures regarding
the timing of SSI diagnosis, its management, and the length of
time it takes to reach resolution of the SSI.2

Most of the scarce existing data regarding these SSI
characteristics address only certain subtypes of open fractures
9,10 or retrospectively review these data based on patients who
suffer complications.11–13 Having an understanding of the
timing, management, and outcome of SSIs in open fracture
patients is necessary to provide better prognostic information
to patients, their families, and their treating surgeons.
Specifically, it will shed light on the expected timing to diag-
nose and resolve an SSI after an open fracture. It will also
help patients manage their expectations regarding time to
recovery and number of surgeries required to treat an SSI.
To address this gap in the literature, we used data from the
Fluid Lavage of Open Wounds (FLOW) trial to determine the
timing of diagnosis, management, and resolution of SSIs.14

METHODS

FLOW Trial
This is a secondary analysis of the FLOW trial data set.

The FLOW trial was an international, blinded, randomized
controlled trial that used a 2-by-3 factorial design to evaluate
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the effects of high versus low versus very low (gravity flow)
irrigation pressures and soap versus normal saline solutions
on reoperation rates among patients with an open fracture.14

This large cohort of open fracture patients provides an ideal
opportunity to address relevant clinical questions in this
population.

Patients enrolled in the FLOW study were followed for
12 months after their index surgery for an open fracture at 1,
2, and 6 weeks and 3, 6, 9, and 12 months. The primary end
point was reoperation, defined as surgery that occurred within
12 months after the initial procedure to treat an infection at
the operative site or near it, manage a wound-healing
problem, or promote bone healing. Nonoperatively managed
complications were considered as secondary end points. The
FLOW study was approved by the ethics committees at the
coordinating center, McMaster University (REB: 08-268) and
at each participating center. All patients provided written
informed consent before enrollment. The trial was registered
at ClinicalTrials.gov (Clinical Trials Identification Number:
NCT00788398).

Surgical Site Infections
A descriptive analysis was conducted to assess the

timing from the index surgery to the first SSI diagnosis for
open fracture patients enrolled in the FLOW trial. As per
above, clinical sites documented reported SSIs at each follow-
up visit, using date of diagnosis. The FLOW Adjudication
Committee reviewed each reported infection to confirm that it
met the criteria for an SSI. For patients experiencing multiple
SSIs, only the earliest SSI was taken into account when
determining the timing to diagnosis because the FLOW
Adjudication Committee assumed that most of the subsequent
SSIs were related to the initial infection that likely remained
unresolved.

Two orthopaedic surgeons reviewed the clinical notes
of all cases where an SSI was reported and categorized them
independently according to the current SSI reporting criteria
by the Centers for Disease Control and Prevention’s (CDC)
National Health care Safety Network (superficial, deep, or
organ/space).15 The 2 orthopaedic surgeons reviewed any
disagreements pertaining to the categorization and solved
them by mutual agreement. When assessing the SSIs, the
reviewers did not consider the following time frame criteria
as per the definitions: 30 days for a superficial SSI; 90 days
for a deep or organ/space SSI. In addition, although the CDC
definition includes superficial, deep, and organ/space as the 3
categories for an SSI, we decided to present the results in 2
categories as follows: (1) superficial and (2) deep or organ/
space. This decision to group the deep and organ/space SSI
categories together was based on the fact that most of the
open fracture SSIs of the cohort occurred in the lower extrem-
ity, where it is challenging and somewhat inaccurate to dis-
tinguish between these 2 categories.

The management of SSIs was reported by the clinical
site personnel and included nonoperative management (eg,
antibiotics and dressings) and operative management. The
FLOW Adjudication Committee reviewed each reported
operation to ensure that it was correctly documented.

The length of time from the index surgery to SSI
diagnosis was documented in days but was presented under
time interval categories. The median time from the index
surgery to first SSI diagnosis was calculated for the whole
cohort and for the superficial and deep or organ/space
categories.

Finally, we presented the median times from SSI
diagnosis to its resolution for the whole cohort by superficial
and deep or organ/space as well as by treatment type
(operatively or nonoperatively managed). Infection resolution
information was obtained from the Case report form were the
attending surgeons documented the date the infection was
resolved according to their clinical judgment. We also report
the number of patients whose SSI resolved by time interval
and the number of patients whose SSI was still ongoing at the
last follow-up (12 months postfracture).

In addition, a descriptive analysis of the participants
whose SSIs were treated operatively was conducted assessing
the timing from the index surgery to the first SSI diagnosis,
the time until they underwent their first reoperation, the
timing until infection resolution, and the number of surgeries
needed during the follow-up period.

Statistical Analysis
The data analyses were conducted using SPSS software

(version 25). Variables were tested for normal distribution
using the Shapiro–Wilk test. For normally distributed con-
tinuous variables, we used means as central tendency mea-
sures and 95% confidence intervals (CIs) as measures of
spread. A x2 test was used for the analysis of categorical
variables. A Mann–Whitney U test was performed to compare
the 2 infection groups’ median times to (1) first SSI diagnosis
and (2) SSI resolution. For skewed data, we used medians as a
central tendency measure and interquartile ranges (IQRs) as a
measure of spread. P values were considered significant if
they were ,0.05.

RESULTS

Patient Characteristics
All 2445 patients from the FLOW trial were eligible

and included in this secondary analysis. The follow-up data
were obtained for 90% of the patients. From the 2445 patients
with follow-up data, 325 had an SSI. The demographical data
of the included participants are in Table 1. The majority of the
patients were men (69.2%), in their 40s, who had an open
fracture because of a motor-vehicle accident as a driver/
passenger or pedestrian or a motorcycle accident (54.8%).

Surgical Site Infections Characteristics,
Classification, and Timing

From the total of 325 SSIs, 169 (52.0%) of the SSIs
were superficial, 151 (46.5%) were deep or organ/space, and
5 (1.5%) were nonclassifiable. The overall SSI incidence was
13.3% (325 of the 2445). Most infections occurred in
participants with lower extremity open fractures, that is,
89.2% (290 of the 325). Twelve percent (39) of the SSIs
occurred in participants with Gustilo type I fractures, 33.8%
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TABLE 1. Patient Characteristics and Surgical and Perioperative Management

Superficial SSI
Operatively Treated

(N = 50

Superficial SSI
Nonoperatively Treated

(N = 119)

Deep or Organ/Space
SSI Operatively Treated

(N = 124)

Deep or Organ/Space
SSI Nonoperatively
Treated (N = 27)

SSI
Cohort

(N = 325)*

Age, mean (SD) N = 50 N = 119 N = 124 N = 27 N = 325

47.6 (17.5) 47.0 (17.6) 45.3 (17.9) 39.3 (14.0) 45.8 (17.4)

Gender, n (%) N = 50 N = 119 N = 124 N = 32 N = 325

Male 33 (66.0) 88 (73.9) 86 (69.4) 19 (70.4) 230 (70.8)

Female 17 (34.0) 31 (26.1) 38 (30.6) 8 (29.6) 95 (29.2)

Current smokers, n (%) N = 49 N = 119 N = 124 N = 27 N = 324

17 (34.7) 39 (32.8) 116 (33.9) 15 (55.6) 116 (35.8)

Diabetic, n (%) N = 50 N = 119 N = 124 N = 27 N = 325

Yes 4 (8.0) 10 (8.4) 16 (12.9) 4 (14.8) 35 (10.8)

Insulin dependent 1 (2.0) 2 (1.7) 5 (4.0) 1 (3.7) 9 (2.8)

Noninsulin
dependent

3 (6.0) 8 (6.7) 11 (8.9) 3 (11.1) 26 (8.0)

No 46 (92.0) 109 (91.6) 108 (87.1) 23 (85.2) 290 (89.2)

Current recreational drug
use, n (%)

N = 50 N = 119 N = 123 N = 27 N = 324

0 (0) 3 (2.5) 1 (0.8) 1 (3.7) 5 (1.5)

Mechanism of injury,
n (%)

N = 50 N = 119 N = 124 N = 27 N = 325

MVA (driver/
passenger)

7 (14.0) 29 (24.4) 35 (28.2) 7 (25.9) 79 (24.3)

MVA (pedestrian) 5 (10.0) 14 (11.8) 10 (8.1) 2 (7.4) 31 (9.5)

Motorcycle accident 8 (16.0) 19 (16.0) 21 (16.9) 7 (25.9) 55 (16.9)

ATV 1 (2.0) 2 (1.7) 3 (2.4) 1 (3.7) 9 (2.8)

Crush injury 5 (10.0) 5 (4.2) 7 (5.6) 2 (7.4) 21 (6.5)

Fall from standing 10 (20.0) 15 (12.6) 11 (9.2) 0 (0) 36 (11.1)

Fall from height 9 (18.0) 22 (18.5) 30 (24.2) 3 (11.1) 64 (19.7)

Twist 1 (2.0) 1 (0.8) 0 (0) 0 (0) 2 (0.6)

Direct trauma
(penetrating)

0 (0) 6 (5.0) 3 (2.4) 1 (3.7) 10 (3.1)

Direct trauma (blunt) 4 (8.0) 5 (4.2) 3 (2.4) 4 (14.8) 16 (4.9)

Explosion 0 (0) 1 (0.8) 0 (0) 0 (0) 1 (0.3)

Bicycle accident 0 (0) 0 (0) 1 (0.8) 0 (0) 1 (0.3)

Major concomitant
trauma, n (%)

N = 50 N = 119 N = 124 N = 27 N = 325

Head injury 2 (4.0) 9 (8.4) 6 (4.8) 0 (0) 17 (5.2)

Chest injury 1 (2.0) 4 (3.4) 14 (11.3) 3 (11.1) 22 (6.8)

Intra-abdominal injury 1 (2.0) 3 (2.5) 4 (3.2) 2 (7.4) 10 (3.1)

Any of the above 2 (2.0) 15 (12.6) 21 (16.9) 5 (18.5) 43 (13.2)

Gustilo type, n (%) N = 50 N = 119 N = 124 N = 27 N = 325

Type I 7 (14.0) 18 (15.1) 12 (9.7) 1 (3.7) 39 (12.0)

Type II 19 (38.0) 50 (42.0) 33 (26.6) 8 (29.6) 110 (33.8)

Type IIIA 15 (30.0) 35 (29.4) 51 (41.1) 10 (37.0) 113 (34.8)

Type IIIB 9 (18.0) 16 (13.4) 28 (22.6) 8 (29.6) 63 (19.4)

Location of fracture,
n (%)

N = 50 N = 119 N = 124 N = 27 N = 325

Upper extremity 3 (6.0) 13 (10.9) 15 (12.1) 4 (14.8) 35 (10.8)

Lower extremity 47 (94.0) 106 (89.1) 109 (87.9) 23 (85.2) 290 (89.2)

Preparation solution
received in emergency
department

N = 49 N = 118 N = 124 N = 27 N = 323

Iodine 7 (14.3) 21 (17.8) 15 (12.1) 5 (18.5) 48 (14.9)

Alcohol 2 (4.1) 2 (1.7) 3 (2.4) 0 (0) 7 (2.2)

Chlorhexidine 3 (6.1) 4 (3.4) 5 (4.0) 1 (3.7) 13 (4.0)

Others 0 (0) 1 (0.8) 0 (0) 0 (0) 1 (0.3)
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(110) occurred in type II fractures, and 54.2% (176) of the
SSIs occurred in type III fractures [34.8% (113) type IIIA and
19.4% (63) type IIIB]. The incidence of SSIs per Gustilo–
Anderson fracture classification type in the FLOW trial cohort
was of 6.1% (39 of the 639) for participants with type I
fractures, 12.2% (110 of the 899) for participants with type II
fractures, and 20% (176 of the 881) for participants with type
III fractures [17.4% (113 of the 649) SSI incidence in par-
ticipants with type IIIA fractures and 27.2% (63 of the 232) in
participants with type IIIB fractures].

The median time to SSI diagnosis was 31 days (IQR
13–79). The median time from the index surgery to superficial
SSI diagnosis was 26.5 days (IQR 12–48), and the median
time to deep or organ/space SSI diagnosis was 53 days (IQR
15–119) with a significant difference between groups (P ,
0.001) (Figure 1). Ninety-six participants (56.8%) had their

superficial SSIs diagnosed within 30 days of their index sur-
gery (Table 2); therefore, 73 patients (43.2%) in the superfi-
cial SSI group would not have been included if the CDC15

time-based definition of 30 days was taken into account.
Similarly, 103 patients (68.2%) with deep or organ/space
SSIs were diagnosed within the 90-day window, and 48
patients (31.8%) patients would not have been included if
the CDC time frame criteria would have been used. 15

Management of Surgical Site Infections
One hundred fifty-one participants (46.5%) had their

SSI managed nonoperatively. From this group, 119 had a
superficial SSI (78.8%). On the other hand, 174 participants
(53.5%) had one or more reoperations to treat an infection at
the operative site or contiguous to it. In this group, the
superficial SSIs represented only 28.7% (50 participants)

TABLE 1. (Continued ) Patient Characteristics and Surgical and Perioperative Management

Superficial SSI
Operatively Treated

(N = 50

Superficial SSI
Nonoperatively Treated

(N = 119)

Deep or Organ/Space
SSI Operatively Treated

(N = 124)

Deep or Organ/Space
SSI Nonoperatively
Treated (N = 27)

SSI
Cohort

(N = 325)*

None 39 (79.6) 93 (78.8) 104 (81.1) 22 (81.1) 262 (81.1)

Hours to first incision
from injury, median
(IQR)

N = 49 N = 118 N = 122 N = 27 N = 321

Gustilo type I 9.9 (6.2–14) 8.3 (6.2–14.4) 7.8 (5.1–13.4) 6.2 (4.7–8.5) 8.0 (5.8–
13.1)

Gustilo type II 11.0 (9.2–18) 13.5 (8.3–17.8) 10.8 (6.4–16.8) 10.7 (9.5–11.9) 11.3 (8.0–
17.9)

Gustilo type IIIA 11.0 (8–17.8) 8.8 (6.6–15.1) 8.9 (6.2–15.5) 6.1 (4.9–8.7) 9.0 (6.3–
15.6)

Gustilo type IIIB 8.6 (6.8–11.3) 7.3 (5.1–9.8) 7.6 (4.9–11.0) 6.2 (2.9–7.5) 7.6 (5.0–
11.0)

3.7 (3.2–7.7) 6.0 (4.6–7.4) 5.7 (4.2–8.3) 5.7 (4.7–8.7) 5.7 (4.2–
8.2)

Surgical preparation
solution, n (%)

N = 50 N = 117 N = 123 N = 27 N = 322

Iodine or povidone-
iodine

22 (44.0) 60 (51.3) 62 (50.4) 17 (63.0) 165 (51.2)

Chlorhexidine 24 (48.0) 54 (46.2) 54 (43.9) 10 (37.0) 143 (44.4)

Alcohol 5 (10.0) 21 (17.9) 26 (21.1) 0 (0) 53 (16.5)

Others 7 (14.0) 8 (6.8) 9 (7.3) 3 (11.1) 27 (8.4)

Solution used for
irrigation, n (%)

N = 50 N = 119 N = 124 N = 27 N = 325

Castile soap 30 (60.0) 56 (47.1) 61 (49.2) 13 (48.1) 163 (50.2)

Saline 20 (40.0) 63 (52.9) 63 (50.8) 14 (51.9) 162 (49.8)

Definitive fixation, n (%) N = 50 N = 119 N = 124 N = 27 N = 325

Intramedullary nail 23 (46.0) 48 (40.3) 40 (32.3) 8 (29.6) 121 (37.2)

External fixator 0 (0) 3 (2.5) 3 (2.4) 0 (0) 6 (1.8)

Plate 21 (42.0) 51 (42.9) 67 (54.0) 14 (51.9) 155 (47.7)

Other internal fixations 6 (12.0) 17 (14.3) 14 (11.3) 5 (18.5) 43 (13.2)

Antibiotic beads or
antibiotic osteobiologics
used, n (%)

N = 50 N = 119 N = 123 N = 27 N = 324

Yes 4 (8.0) 4 (3.4) 15 (12.2) 1 (3.7) 24 (7.4)

No 46 (92.0) 115 (96.7) 108 (87.8) 26 (96.3) 300 (92.6)

ATV, all-terrain vehicle; MVA, motor-vehicle accident.
*The total FLOW SSI cohort numbers are the sum of the numbers from the superficial, deep, or organ/space SSI cohort and the 5 patients who had a nonclassifiable infection.
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while the deep or organ/space were the majority (71.3%, 124
participants). These patients needed on average 1.73 reopera-
tions (95% CI 1.58–1.88) during the follow-up to treat their
SSI. The patients who underwent reoperation because of a
deep or organ/space SSI had significantly more procedures
[1.88 (1.72–2.04) vs. 1.36 (1.27–1.45)] than the ones who had
a superficial SSI (P , 0.001). The median time until SSI
diagnosis for the group of patients who underwent a reopera-
tion was 33 days (IQR 14–97.75).

The majority of patients (58.6%) underwent their first
reoperation to treat an SSI during the first 90 days after the
index surgery. The details concerning the timing of reopera-
tions by type of SSIs can be seen in Figure 2. The mean time
to the first reoperation to treat an infection at the operative site
or contiguous to it was of 91.1 days (95% CI 78.9–103.4).
When analyzed by group, it was of 117.8 days (95% CI 92.0–
143.7) and 80.4 days (95% CI 67.0–93.8) for the superficial
and the deep or organ/space groups, respectively (P, 0.001).

Resolutions of Surgical Site Infections
Excluding the 24 cases whose SSIs were not resolved at

the time of the final follow-up visit (6 cases of superficial SSIs
and 17 cases of deep or organ/space SSIs and 1 case
nonclassifiable), timing until resolution significantly differed
between groups (P , 0.001). Overall, the median time to SSI
resolution was 49 days (IQR 17–115). For the superficial and
the deep or organ/space SSI groups, the median times to SSI
resolution were 28 days (IQR 13–73.5) and 76.5 days (IQR
39–166), respectively. When we analyze this by type of man-
agement, median times to SSI resolution for the nonopera-
tively and operatively managed group were 34.5 days (IQR
11–73) and 73 days (IQR 28–166), respectively (P , 0.001).

Of the 174 participants who underwent a reoperation
for an SSI, infection resolution status was unknown in 3 cases
as a result of being lost to follow-up and 18 (10.3%) were still
under SSI treatment at the final follow-up visit. For the

remaining 153 participants, the median times until the
infection was resolved grouped by type of infection were
41 days (IQR 15.5–151) for the superficial SSI group and 84
days (IQR 44–171) for the deep SSI and organ/space SSI
group. These median times differed significantly (P ,
0.001). Extensive details about the number and median time
to the first reoperation categorized by type of SSI can be
found in Table 3.

From the 24 cases whose SSIs were not resolved at the
final follow-up visit, (1) 8 were scheduled to undergo a
reoperation (3 amputations, 2 bone transport procedures, 2
bone grafting and implant exchange procedures, and one
unspecified procedure), (2) 6 were still under antibiotic
treatment (4 waiting for infectious disease follow-up appoint-
ments, and for 2 cases, the clinical information was unclear as
to whether antibiotics would be given until suppression, for a
certain amount of time, or until achieving bone healing), and
(3) 10 participants were either lost during follow-up after their
infection (8) or did not have enough information available in
their clinical records (2) about their infection treatment.

DISCUSSION
The FLOW trial was conducted to analyze the primary

end point of reoperation within 12-months after the index
surgery for promotion of wound or bone healing or treatment
of an open fracture wound infection. This secondary analysis
intended to characterize the timing and type of SSIs in this
cohort of patients as well as identify the timing and number of
reoperations patients needed because of an SSI during the 12-
month follow-up. We also evaluated the average time until
infections were resolved since their diagnosis.

One of the findings of our analysis was that in our
cohort, patients having an SSI after an open fracture wound
were diagnosed around 1 month after the index surgery was
performed (31 days, IQR 13–79) and, as anticipated, the

FIGURE 1. Timing of infection by
the surgical site infection group.
Editor’s Note: A color image
accompanies the online version of
this article.
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timing of these infections was statistically different for the
superficial and the deep and organ/space SSI groups. The
median time to diagnose a deep or organ/space SSI was
approximately twice the time for a superficial SSI after the
index surgery. One hundred fifty-one participants of the 325
patients (46.5%) who developed an SSI were treated nonop-
eratively. This percentage is consistent with what has been
already published by other authors.2,16

The overall SSI incidence of the FLOW trial (13.3%) is
consistent with the published literature.17 However, we
observed a slightly increased incidence of SSIs for Gustilo
type I and II open fractures compared with what is considered
to be the standard rates (0%–2% for type I and 2%–10% for
type II) reported in the scientific literature. The FLOW trial
included a high proportion of lower extremity fractures
(nearly 70% of the participants included in the FLOW trial
and almost 90% of all the SSIs), which may explain this
difference. In addition, the FLOW trial achieved high
follow-up rates compared with previous studies. This may
also help to explain the higher incidence of SSI.

Regarding reoperations because of SSI, the median time
until diagnosis in the group who underwent a reoperation to
treat an SSI at the operative site or contiguous to it was 33
days (IQR 14.75–106.25) after the index surgery. As

expected, the median timing for SSI diagnosis because of
deep or organ/space SSIs was significantly later than for
superficial SSIs. Conversely, the time until the first reopera-
tion was performed because of an SSI was higher for the
participants who had a superficial SSI compared with those
who had a deep or organ/space SSI. Probably, this was
because some participants with superficial SSIs were treated
conservatively initially, and only after this option failed were
they booked for surgery. Surprisingly, although this informa-
tion seems reasonable, we did not find previous literature
addressing this topic. Therefore, the information gathered
from our analysis could be useful during doctor–patient
communication and the decision-making process when a
patient experiences an SSI after an open fracture.

When suffering an SSI that required surgical treatment,
the number of reoperations needed during the follow-up
period was, on average, 1.73 surgeries (95% CI 1.58–1.88).
The median time until the infection was solved for partici-
pants requiring reoperations to treat their SSIs was between 2
and 3 months (73 days, IQR 28–165), with the time being
more than twice as long for the deep or organ/space SSI group
as compared to the superficial SSI group. Unfortunately, we
know that the calculated time until SSI resolution could be
significantly underestimated in our cohort because there were
24 patients whose SSIs were not resolved at the time of their
final 12-month follow-up visit. This is particularly relevant
for the deep and organ/space SSI group because 17 partici-
pants (11.3%) had their infection ongoing at this visit. As
stated previously, in this analysis we excluded those cases
when calculating how much time it took for the infections
to be resolved. Nevertheless, the median times will be at least
the presented ones, or probably higher, because they could be
underestimated. This information could help health care pro-
fessionals alert patients about their prognosis and expected
outcomes in the future and increase the awareness for poten-
tially earlier infection diagnosis. As far as we know, there are
currently no studies that have addressed the timing of

TABLE 2. Timing of First Surgical Site Infection Diagnosis

Type of Surgical
Site Infection

Timing of Infection Diagnosis in Days,
N = 320* (%)

Total,30 d 30–90 d .90 d

Superficial 96 (56.8) 52 (30.8) 21 (12.4) 169

Deep or organ/space 58 (38.4) 45 (29.8) 48 (31.8) 151

Total 154 (48.1) 97 (30.3) 69 (21.6) 320

*This table shows the timing for 320 patients from the total 325 participants who
suffered an SSI because 5 patients had an SSI that was nonclassifiable.

FIGURE 2. Timing of first reopera-
tion because of surgical site infection
by infection type. Editor’s Note: A
color image accompanies the online
version of this article.
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infection and reoperations because of infection in open frac-
ture patients.

The principal strengths of this study are its prospective
design, its large sample size, and the robust and frequent data
collection within the 12-month follow-up that allowed for
precise timely documentation of SSI diagnoses. The multi-
centre nature of this trial provided us with a significant and
diverse sample size increasing the external validity of our
results and allowing us to gather new information about the
following: (1) the timing and number of SSIs, (2) the timing
and number of reoperations needed to resolve an SSI, and (3)
the time taken until SSI resolution, when it occurs after an
open fracture.

It is also important to state that the CDC SSI time frame
definition has evolved over the course of time.18 The FLOW
Adjudication Committee did not use the current time frame
criteria suggested by the CDC to categorize an SSI as super-
ficial, deep, or organ/space because bone infections have
some particularities that can delay SSI presentation. If the
Adjudication Committee would have used the CDC SSI time
frame definition, 72 (42.9%) patients in the superficial SSI
group would have been included instead in the deep SSI
group. In addition, 69 patients (21.2%) whose SSIs occurred
after 90 days would not have fallen under one of the SSI
categories. The FLOW investigators recognized the timing
limitations of the CDC criteria and chose to ignore them.
They still used the CDC criteria to classify SSIs as superficial,
deep, and organ/space but did not consider the timing of the
SSI occurrence for the purposes of classification. It is possible
that current CDC guidelines do not fulfill the time frame
surveillance required for fracture-related infections and ortho-
paedic surgeons’ needs in this regard. Moreover, as previ-
ously disclosed, surgeons may find it challenging to
distinguish between deep and organ/space infections using
the CDC criteria; therefore, we collapsed these categories
for our analysis. We also acknowledge that it may be difficult
to classify infections as superficial or deep/organ/space in
specific anatomic areas, such as the ankle or leg. In such
cases, the signs and symptoms present were used to determine
between superficial and deep/organ/space infections. This
controversy is supported in the literature. In fact, only a few
randomized controlled trials in orthopaedics have used a clear
definition for fracture-related infections as a systematic
review showed.19 Future work should be directed toward
the development of standardized definitions of fracture-
related infections. Another limitation of our study is that the
FLOW trial did not follow participants beyond 12 months or

until their SSI was resolved because there were certain cases
where their infections were still ongoing at the final follow-up
visit (24 cases). In addition, SSI resolution was determined
using the clinical judgment of the attending orthopaedic sur-
geon. Some SSIs may have seemed to be resolved; however,
it is possible that some bone infections are only suppressed
and potentially lie dormant for years.20 Finally, considering
the natural history of this condition, following participants for
longer than 12 months would have been desirable to draw
more precise conclusions regarding the number of reopera-
tions needed after an SSI for an open fracture and what the
expected times are to achieve infection control.

CONCLUSIONS
Knowing that after an open fracture and in contradis-

tinction to the CDC guidelines, superficial SSIs and deep or
organ/space SSIs are normally diagnosed around one and 2
months, respectively, can help increase surgeons’ and health
care professionals’ awareness of potential infection during
this period to allow earlier detection. In addition, knowing
that around half of the SSIs underwent a reoperation because
of infection, needed 2 procedures and took almost 3 months
to resolve will help orthopaedic surgeons to counsel their
patients who develop an SSI after an open fracture.
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