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Key summary points

Aim To compare preoperative full-body disinfection (FBD) prior to hip fracture surgery with local disinfection (LD) of
the surgical site regarding incidence of postoperative surgical-site infection (SSI), both procedures performed with 4%
chlorhexidine.

Findings There were 16 (6.8%) cases of SSI in 2018 when FBD was performed and 8 (3.1%) cases in 2019 when LD was
performed. FBD (2018) compared to LD (2019) presented an adjusted OR of 2.0 (95% CI 0.8-5.1) in the logistic regression
analysis.

Message Results suggest that LD is not inferior to FBD regarding SSI prevention, meaning patients could potentially be
spared significant levels of pain caused by FBD.

Abstract

Purpose Swedish national guidelines recommend full-body disinfection (FBD) with 4% chlorhexidine before hip fracture
surgery to prevent surgical-site infection (SSI) despite little evidence. Our objective was to compare preoperative FBD with
local disinfection (LD) of the surgical site regarding SSI incidence.

Methods All patients with hip fracture, operated at a hospital in Sweden, January 1, 2018 to December 31, 2019 were included.
Patients in 2018 (n=237) were prepared with FBD and patients in 2019 (n=259) with LD. Primary outcome was SSI and
secondary outcome was SSI and/or death. We adjusted for potential confounders with logistic regression. The adjusted analysis
was performed in two models to enable assessment of variables that lacked either outcome; in the first model, these variables
were not adjusted, and the second model was restricted to a sub-population not affected by respective variables.

Results There were 16 (6.8%) cases of SSIin 2018 and 8 (3.1%) cases in 2019. FBD (2018) compared to LD (2019) presented
an adjusted OR of 1.9 (95%CI 0.8—4.9, P=0.16) respectively 2.0 (95%CI 0.8-5.1, P=0.14) in the two models of the logistic
regression. In addition, 40 (16.9%) patients in 2018 and 29 (11.2%) patients in 2019 had the combined outcome of SSI and/
or death, adjusted OR 1.6 (95% CI10.9-2.8, P=0.08) respectively 1.7 (95% CI 0.9-2.9, P=0.06).

Conclusion We found a non-significant increased risk of SSI 2018 compared to 2019 after adjustment. Randomized control
trials are needed. Nonetheless, results suggest that LD is not inferior to FBD regarding SSI prevention, meaning patients
could potentially be spared substantial pain.
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Introduction

Surgical-site infection (SSI) after hip fracture surgery is
a disastrous complication associated with increased mor-
tality [1, 2]. SSIs are commonly divided into superficial
infection of the skin or subcutaneous tissue and deep infec-
tion of the fascia, muscle and prosthetic devices or implant
material [3]. Incidence varies from 1 to 8%, deep infection
representing 1-2% [1, 2, 4-8]. Numerous risk factors have
been identified, both related to patient characteristics [6, 7,
9-11], and to surgery [4-7, 12—14]. Association has also
been identified for postoperative factors, such as increased
length of stay (LOS), readmission [15], and other infec-
tions [16, 17].

The source of pathogens is often the endogenous flora
of the patient’s skin and Staphylococcus aureus (S. aureus)
is the most commonly isolated pathogen [1-3]. Therefore,
an obvious strategy for SSI prevention is preoperative skin
disinfection. The Swedish Handbook for Healthcare rec-
ommends that patients planned for procedures posing a
risk of infection by skin-colonizing bacteria go through
full-body disinfection (FBD) with 4% chlorhexidine pre-
operatively. This method is well established and has been
recommended for several years due to research present-
ing evidence [18, 19]. However, according to more recent
studies questioning the method, FBD decreases the amount
of skin-colonizing bacteria, but it is uncertain whether
this results in a reduction of SSIs and systematic reviews
present that there in fact does not seem to be any clear
evidence of benefit in using FBD with 4% chlorhexidine
compared to local disinfection of the surgical site (LD),
placebo, no wash or regular soap in terms of SSI preven-
tion [20-24]. Due to the notion of this over the past years,
the recommendation is only carried out by approximately
50% of all orthopedic clinics in Sweden [25].

The objective of the study was to compare incidence of
SSI between traditional FBD prior to hip fracture surgery
with LD of the surgical site, both procedures performed with
4% chlorhexidine.

Patients and methods
Study design, setting and participants

In this retrospective population-based observational cohort
study, all hospitalizations of patients with acute hip frac-
ture, classified with International Classification of Dis-
ease, tenth revision (ICD-10) codes: S72.0 (cervical hip
fracture), S72.1 (pertrochanteric hip fracture) or S72.2
(sub-trochanteric hip fracture) who underwent hip fracture
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surgery at Karlskoga Hospital in Sweden between Janu-
ary 1, 2018 and December 31, 2019 were consecutively
included.

Study intervention

In 2018 preoperative disinfection was performed as FBD
with 4% chlorhexidine meaning patients were showered
twice during one occasion taking place on a specific shower-
gurney. In 2019 preoperative disinfection was performed
as LD of the planned surgical site with 4% chlorhexidine
meaning patients were disinfected once during one occasion
in their own bed. The change in method of disinfection at
the orthopedic ward was planned (in line with other ortho-
pedic clinics in Sweden, as mentioned in the introduction)
and therefore initially unrelated to this study. During both
years, the respective procedures were performed once within
24 h of surgery. If time to surgery was longer than 24 h,
disinfection was repeated. All procedures were performed
by nursing staff of the orthopedic ward. For each patient, a
standardized form was completed addressing how the pre-
operative washing was performed. If no form was available,
information on disinfection was obtained from patient medi-
cal records. According to routines of the Orthopedic ward,
all patients received antibiotic prophylaxis preoperatively.
Patients prepared for arthroplasty received Cloxacillin 2 gx3
at set times preoperatively, patients with penicillin-allergy
receiving Clindamycin 600 mgx3. Patients prepared for
osteosynthesis obtained Cefuroxime 1.5 gx3, patients with
penicillin-allergy receiving Clindamycin 600 mg in a single
dose.

Patient characteristics and confounders

Data were obtained through retrospective review of medi-
cal records by use of a standardized review protocol. Ini-
tially, patients were observed during hospitalization and
all medical records regarding in-patient care within time of
follow-up were reviewed. After discharge, medical records
regarding in-patient or out-patient care were reviewed for
the remaining time of follow-up. Follow-up time was until
6 weeks postoperatively [26].

The following patient information was obtained to char-
acterize the two cohorts: fracture type, length of stay (LOS),
pre- and perioperative antibiotics, other infections apart
from SSI defined as other antibiotic-treated conditions (not
including antibiotic-treated Clostridium difficile enterocol-
itis, cholecystitis caused by gallstones and pyelitis caused
by kidney stones), SSI, readmission (into in-patient care)
and death. In addition, according to published literature, the
following factors identified as significantly associated with
SSI were recorded and categorized accordingly: sex [11],
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age (<80, >80 [6], comorbidities [9], American Society of
Anesthesiologists classification (ASA class) (<3,>3) [7],
current smoking [7, 9], BMI [6, 7, 9, 10], ongoing anti-
coagulant therapy [9], ongoing corticosteroid therapy [10],
time to surgery (from time of X-ray) (<24 h,>24 h) [4],
surgical length (< 120, > 120 min) [6, 7], experience of sur-
geon (less-experienced surgeon or senior surgeon according
to working title) [5, 12, 13], reoperation (not related to SST)
[12], and operation with arthroplasty (as opposed to internal
fixation) [5, 27].

Comorbidities were collected according to registered
ICD-10 codes and comorbidities registered in a standard-
ized form in the surgical records. A Charlson Comorbidity
Index (CCI) was calculated according to the coding sys-
tem by Ludvigsson et al. [28]. Cognitive impairment is a
risk factor of SSI [29] and a relevant characterizing factor
when it comes to geriatric populations and was therefore
presented separately in Table 1, in addition to being included
in the CCI calculated for each patient. We defined cognitive
impairment as all patients diagnosed with ICD-10 codes of
dementia and delirium (FO0-F05). The code E11.9 (uncom-
plicated type 2 diabetes) was the most common code for
diabetes among patients in this study but is not included in
this coding system for CCI. Therefore, due to that specifi-
cally, diabetes mellitus has been identified as an important
risk factor of SSI [10], diabetes mellitus was presented inde-
pendently and therefore not included in the CCI calculated
for each patient. SSI was defined as patients diagnosed with
ICD-10 codes of superficial infection of the surgical wound
or deep infection of prosthetic devices or implant material
by a clinician during follow-up. Information on collected
microbial cultures and isolated pathogens was also retrieved
from medical records.

Primary and secondary outcome measures

Our primary outcome was incidence of SSI, and our sec-
ondary outcome was incidence of SSI and/or death. There
were patients who died during the 6 weeks follow-up and
therefore the secondary outcome was included; due to that,
the outcome of SSI within follow-up could not be ruled out
in deceased patients.

Statistical analyses

Differences in age and CCI between the two cohorts were
analyzed by independent sample ¢ test, differences in LOS
and duration of surgery were analyzed by the Mann—Whit-
ney U test and differences in categorical variables with the
chi-square test.

Unadjusted and adjusted logistic regressions were per-
formed for the SSI and the SSI and/or death outcome to

Table 1 Characteristics of patients in cohort 2018 and 2019

Patient characteristics FBD, 2018 LD,2019 P

n=237 n=259

Age, mean (SD) 81 (10) 83 (10) 0.02

Age >80, n (%) 147 (62) 183 (71) 0.04
Female, n (%) 155 (65) 176 (68) 0.55
Type of fracture, n (%)

S72.0—Cervical 133 (56) 115 (44) 0.01

S72.1—Pertrochanteric 86 (36) 117 (45) 0.04

S72.2—Sub-trochanteric 18 (8) 27 (10) 0.27
CCI, mean (SD) 5() 5(2) 0.39
ASA class>3 152 (59) 122 (51) 0.11
Cognitive impairment 47 (20) 55 (21) 0.70
Diabetes Mellitus

All 49 (21) 36 (14) 0.05

Insulin-dependent 23 (10) 16 (6) 0.15
Current smoking 13 (6) 8(3) 0.19
Anticoagulant therapy 33 (14) 43 (17) 0.41
Corticosteroid therapy 12 (5) 17 (7) 0.48
Hospitalization

Surgery within 24 h, n (%) 155 (65) 186 (72) 0.12

Surgical length, minutes, median 70 (51-97) 64 (43-89) 0.02

(IQR)

Less experienced surgeon 17 (7) 19 (7) 0.94

Reoperation (not due to infection) 13 (6) 6(2) 0.07
Arthroplasty

All 95 (40) 83 (32) 0.06

Cervical fractures 94 (71) 80 (70) 0.85
Pre-operative antibiotics, n (%) 94) 8(3) 0.67
Peri-operative antibiotics, n (%) 215 (91) 237 (92) 0.76
LOS, median (IQR) 6 (4-8) 64-7) 042
Readmission 39 (17) 53 (21) 0.25

FBD full-body disinfection, LD local disinfection, SD standard devia-
tion, CI confidence interval, CCI Charlson Comorbidity Index, ASA
class American Society of Anesthesiologists Classification system,
IQR inter-quartile range, LOS length of stay

compare the two cohorts. Adjustment was made for the
potential confounders presented above under data collection.
All variables were evaluated on categorical scale except for
CClI evaluated on continuous scale. However, the adjustment
could not be performed for smoking and surgeon experience
for the SSI outcome and for smoking for the SSI and/or death
outcome due to no outcome events among current smok-
ers and/or patients operated by a less-experienced surgeon.
Therefore, two adjusted models were performed, the first
with no adjustment for the named variables and the second
where the adjusted analysis was restricted to the subgroup
of non-smoking patients (SSI and/or death outcome) and
non-smoking patients operated by a senior surgeon (SSI out-
come). The restricted analysis for the SSI outcome included
442 of the 496 (89%) patients. Logistic regression gives odds
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ratio (OR) with 95% confidence intervals (CI) as association
measures. A P value lower than 0.05 was regarded as statis-
tically significant and all analyses were performed in IBM
SPSS (Armonk, NY, USA) version 25. A power analysis was
performed in retrospect of our study findings, the SSI risk
difference (6.8% and 3.1% in the cohorts) and the sample
size of 496 patients (237 and 259 in the cohorts) revealing
a power of around 50% with the significance level of 5% by
the use of chi-square test as statistical method.

Results

As presented in Fig. 1, 237 and 259 hospitalizations were
included for further analysis. Hospitalizations of patients
with unattainable medical records, of patients who suffered
from a second fracture during inclusion and of patients who
did not receive disinfection according to correct routine were
secondarily excluded.

As seen in Table 1, patients in 2019 had a slightly higher
mean age while cervical fractures were significantly more
common, and patients had a significantly higher frequency
of surgeries < 120 min in 2018. BMI was only found for
12% respectively 6% of patients in 2018 and 2019 and is not
included in Table 1.

There were 16 (6.8%) cases of SSI in in 2018 and 8
(3.1%) cases of SSI in in 2019 (Table 2) with an unad-
justed OR of 2.3 (95% CI 0.9-5.4, P=0.06) and an

adjusted OR of 1.9 (95% CI 0.8-4.9, P=0.16) in the
model with no adjustment for smoking and surgeon expe-
rience, respectively 2.0 (0.8-5.1, P=0.14) in the popula-
tion restricted to non-smokers operated by a senior sur-
geon. In both adjusted models CCI score, reoperation and
arthroplasty were associated with a statistically significant
increased risk of SSI.

In addition, 40 (16.9%) patients in 2018 and 29 (11.2%)
patients in 2019 had the combined outcome of SSI and/
or death (Table 3), with an unadjusted OR of 1.6 (95 CI
0.9-2.7, P=0.07) and adjusted OR of 1.6 (95% CI 0.9-2.8,
P=0.08) in the model with no adjustment for smoking,
respectively 1.7 (0.9-2.9, P=0.06) in the restricted non-
smoking population.

Two cases of SSI in 2018 and one case in 2019 were
deep infections of the prosthetic devices or implant mate-
rial, treated by further surgery. The other cases of SSI were
superficial infections of the surgical wound, treated with
antibiotics. All SSI diagnoses were based on either clini-
cal symptoms of infection and/or positive microbial culture.
Most cases were detected within 3 weeks postoperatively
(Fig. 2); 75% and 88% respectively detected after discharge.
Re-disinfection due to postponed surgery was performed
on 8 (3.4%) patients in 2018 and 4 (1.5%) patients in 2019
(P=0.19), no cases of SSI were detected among these
patients.

S. aureus was isolated in four cultures in 2018 and one
culture in 2019. Other positive cultures presented CoNS,

2018, FBD

Hip fracture surgeries

2019, LD

Hip fracture surgeries

N =276 N =297

Patients secondarily
excluded

Patients secondarily

excluded Patients included twice
N=2

Patients included twice

N=2 Patients included in
2018

Patients with ¢ B N=6

unavailable medical =

records Patients with

N=6 unavailable medical
records

Patients incorrectly N=2

disinfected

N =31 Patients incorrectly
disinfected

L N=28
A\ A

Included patients

N =237

Included patients

N =259

Fig. 1 Study design of included patients who went through hip fracture surgery in 2018 and 2019. Abbreviations: FBD full-body disinfection,

LD Local disinfection
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Table 2 Unadjusted and adjusted logistic regression for the SSI outcome

SSI Unadjusted Adjusted 1? Adjusted 2°

(n=496) (n=496) (n=442)

n (%) OR (95% CI) P OR (95% CI) P OR (95% CI) P
FBD, 2018 16 (6.8) 2.3(0.9-5.4) 0.064 1.9 (0.8-4.9) 0.16 2.0 (0.8-5.1) 0.14
LD, 2019 8 (3.1 Reference Reference Reference
Age <80 years 7(4.2) Reference Reference Reference
Age >80 years 17 (5.2) 1.2 (0.5-3.0) 0.65 1.0 (0.4-2.7) 0.98 0.8 (0.3-2.1) 0.60
Male 7(4.2) Reference Reference Reference
Female 17 (5.1) 1.2 (0.5-3.0) 0.66 1.4 (0.5-3.7) 0.49 1.3 (0.5-3.4) 0.59
CCI, per unit 1.3 (1.0-1.6) 0.03 1.4 (1.1-1.9) 0.01 1.6 (1.1-2.1) <0.01
ASA class<3 11 (5.0) Reference Reference Reference
ASA class>3 13 (4.7) 0.9 (0.4-2.2) 0.96 0.6 (0.2-1.6) 0.29 0.5 (0.2-1.5) 0.22
No DM 18 (4.4) Reference Reference Reference
DM 6(7.1) 1.6 (0.6-4.3) 0.30 1.1(0.4-3.2) 0.84 1.1 (0.4-3.1) 0.92
No current smoker 24 (5.1) Reference
Current smoker 0(0.0) NE°
No anticoagulant therapy 22(5.2) Reference Reference Reference
Anticoagulant therapy 2 (2.6) 0.5 (0.1-2.1) 0.49 0.6 (0.1-3.0) 0.55 0.6 (0.1-2.8) 0.49
No corticosteroid therapy 22 (4.7) Reference Reference Reference
Corticosteroid therapy 2(6.7) 1.4 (0.3-6.4) 0.63 1.4 (0.3-7.2) 0.67 1.3 (0.2-6.6) 0.76
Surgery after 24 h 6 (3.9) Reference Reference Reference
Surgery within 24 h 18 (5.3) 1.4 (0.5-3.6) 0.50 1.7 (0.64.7) 0.31 1.8 (0.64.9) 0.27
Surgical length < 120 min 22 (4.9) Reference Reference Reference
Surgical length > 120 min 24.7) 1.0 (0.24.2) 0.95 1.0 (0.24.7) 0.97 1.1 (0.2-5.0) 0.94
Senior surgeon 24 (5.2) Reference
Less experienced surgeon 0(0.0) NE¢
No reoperation 20 (4.2) Reference Reference Reference
Reoperation 4(21.1) 6.1 (1.8-20.0) <0.01 7.5 (2.0-27.9) <0.01 6.9 (1.8-26.0) <0.01
No arthroplasty 9(2.8) Reference Reference Reference
Arthroplasty 15 (8.4) 32(1.4-7.4) <0.01 3.5(1.4-8.6) <0.01 3.3(1.3-8.2) 0.01

881 surgical-site infection, OR Odds ratio, CI confidence interval, CCI Charlson Comorbidity Index, ASA American Society of Anesthesiologists

Classification system, DM Diabetes Mellitus

#Adjusted 1, Study population was all patients with adjustment for all variables except smoking and patients operated by a less-experienced/sen-
ior surgeon due to no SSI outcome

bAdjusted 2, Study population restricted to non-smokers and patients operated by a senior surgeon with adjustment for all other variables

°NE No estimate due to no SSI outcomes in current smoker and less-experienced surgeon

mono-microbial growth of Gram-negative microorganisms
or poly-microbial growth. MRSA was not detected in any
cultures. In seven of the SSI cases, no culture was taken, and
in one case, the culture was negative.

The cohorts did not differ regarding other infections
apart from SSI (divided by origin), presenting the following
incidences: urinary tract infections with 34 (14.3%) cases
in 2018 and 35 (13.5%) cases in 2019 (P=0.79), airway
infections with 11 (4.6%) cases in 2018 and 14 (5.4%) cases
in 2019 (P =0.70), skin infections with 6 (2.5%) cases in
2018 and 6 (2.3%) cases in 2019 (P =0.88) and infections
of unknown origin with 2 (0.8%) cases in 2018 and 2 (0.8%)
cases in 2019 (P=0.93).

Discussion

In this retrospective population-based observational cohort
study, the results showed a non-significant difference with
an adjusted OR of 2.0 when traditional FBD before hip frac-
ture surgery was compared to LD in terms of SSI incidence.
Due to few cases of SSI, the study was somewhat under-
powered which prevents us from reaching clearer results.
Nonetheless, results indicate that the method of LD does
not seem to be inferior to traditional FBD in terms of SSI
prevention.

Patients were alike in baseline characteristics (Table 1),
values also coinciding with national data [25]. There were

@ Springer



1094

European Geriatric Medicine (2022) 13:1089-1097

Table 3 Unadjusted and adjusted logistic regression for the SSI and/or death outcome

SSI and/or Death Unadjusted Adjusted 1* Adjusted 2°
(n=496) (n=496) (n=475)

n (%) OR (95% CI) P OR (95% CI) P OR (95% CI) P
FBD, 2018 40 (16.9) 1.6 (0.9-2.7) 0.07 1.6 (0.9-2.8) 0.08 1.7 (0.9-2.9) 0.06
LD, 2019 29 (11.2) Reference Reference Reference
Age <80 years 15 (9.0) Reference Reference Reference
Age >80 years 54 (16.4) 2.0 (1.1-3.6) 0.03 1.3 (0.7-2.6) 0.41 1.1 (0.6-2.2) 0.76
Male 27 (16.4) Reference Reference Reference
Female 42 (12.7) 0.74 (0.4-1.3) 027  0.8(04-14) 0.38 0.8 (0.4-1.3) 0.31
CCI, per unit 1.4 (1.2-1.6) <0.01 1.3 (1.1-1.6) <0.01 1.4 (1.1-1.7) <0.01
ASA class<3 20 (9.0) Reference Reference Reference
ASA class>3 49 (17.9) 2.2 (1.3-3.8) <0.01 1.4 (0.7-2.7) 0.29 1.4 (0.7-2.6) 0.36
No DM 55(13.4) Reference Reference Reference
DM 14 (16.5) 1.3 (0.7-2.4) 046 0.9 (0.5-1.8) 0.80  0.9(04-1.7) 0.66
No current smoker 69 (14.5) Reference
Current smoker 0(0.0) NE°
No anticoagulant therapy 56 (13.3) Reference Reference Reference
Anticoagulant therapy 13 (17.1) 1.3 (0.7-2.6) 0.38 0.9(0.4-1.9) 0.83 0.9 (0.4-1.9) 0.80
No corticosteroid therapy 64 (13.7) Reference Reference Reference
Corticosteroid therapy 56.7) 1.3 (0.5-3.4) 0.65 0.8 (0.3-2.4) 0.73 0.8 (0.3-2.3) 0.67
Surgery after 24 h 27 (17.4) Reference Reference Reference
Surgery within 24 h 42 (12.3) 0.7 (0.4-1.1) 0.13 0.8 (0.4-1.4) 0.38 0.8 (0.5-1.4) 0.44
Surgical length < 120 min 63 (13.9) Reference Reference Reference
Surgical length > 120 min 6 (14.0) 1.0 (0.4-2.5) 0.99 1.1 (0.4-2.7) 0.88 1.0 (0.4-2.6) 0.96
Senior surgeon 66 (14.3) Reference Reference Reference
Less experienced surgeon 3(8.3) 0.5 (0.2-1.8) 0.32 0.6 (0.2-2.1) 0.42 0.7 (0.2-2.4) 0.55
No reoperation 64 (13.4) Reference Reference Reference
Reoperation 5(26.3) 2.3 (0.8-6.6) 0.12 2.1(0.7-6.4) 0.21 2.0 (0.7-6.3) 0.22
No arthroplasty 37 (11.6) Reference Reference Reference
Arthroplasty 32 (18.0) 1.7 (0.9-2.8) 0.05 1.6 (0.9-2.8) 0.07 1.7 (0.9-2.9) 0.07

881 surgical-site infection, OR Odds ratio, CI confidence interval, CCI Charlson Comorbidity Index, ASA American Society of Anesthesiologists

Classification system, DM Diabetes Mellitus

#Adjusted 1, Study population was all patients with adjustment for all variables except smoking due to no SSI/death outcome

®Adjusted 2, Study population restricted to non-smokers with adjustment for all other variables

°NE No estimate due to no SSI outcomes in current smoker

significant differences in fracture type between the years
although this has not been associated with SSI incidence [1,
5, 7]. Known risk factors of SSI that differed significantly
between the cohorts in Table 1 were increased mean age > 80
[6], (although in contradiction patients in 2019 were older)
and surgical time of > 120 min [6, 7], higher in 2018. The
found incidence of SSI [6, 7], timing of detection (Fig. 2)
[30], and isolated pathogens in positive cultures [1, 2, 30],
resembles what others have reported.

Our main finding suggesting that the change in method
from traditional FBD to LD does not seem to have caused
an increased incidence of SSI is in general supported. Bon-
nevialle et al. compared patients prepared with an antisep-
tic shower (polyvidone iodine) twice before elective hip
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replacement with emergency patients not prepared at all
and found no cases of SSI in either cohort [23]. Rotter et al.
compared FBD with chlorhexidine before clean surgery with
a detergent not containing chlorhexidine and found that the
relative risk of wound infection in the chlorhexidine group
was 1.11% (CI 0.69-1.82) in comparison to the non-chlo-
rhexidine group [21]. Systematic reviews by Webster et al.
including all kinds of surgery in addition to Jivegard et al.
and Franco et al. addressing all kinds of clean surgery found
no evidence of benefit in preoperative FBD with 4% chlo-
rhexidine compared to placebo, soap, and no washing in
terms of SSI incidence. However, in contradiction, Wihlborg
et al. conducted a study in 1987 similar to ours but reported
of a significantly lower rate of SSI in patients preoperatively
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Fig.2 Time of SSI and SSI and/or death during the follow-up time of
6 weeks postoperatively in 2018 and 2019. Abbreviations: SSI surgi-
cal-site infection

prepared with 4% chlorhexidine FBD (1.7%) compared to
LD of the surgical area (4.1%), RR 0.4 (CI 0.19-0.85),
although addressing patients who went through biliary tract,
inguinal hernia or breast surgery [31].

The role of chlorhexidine and FBD in SSI prevention
seems to be unclear. Although, it remains surprising that
even after adjustment for confounders, the cohort prepared
with FBD had an odds ratio of 2.0 compared to LD in terms
of association with SSI risk. This association has not been
recorded to the same extent or not at all in other studies
as mentioned above; however, these studies are not directly
comparable due to differences, such as included surgeries,
type of antiseptic used and diagnostic criteria of SSI, etc.
Interestingly, it has been reported by others that disinfec-
tion with chlorhexidine prior to hip and knee arthroplasty
as well as cardiac surgery does not seem to eradicate bac-
teria but decreases bacterial diversity [32], and in some
cases, increases presence of Gram-negative bacteria, pos-
sibly reducing colonization resistance [33]. These findings
could potentially explain our results although this is purely
speculative. Anyhow, LD does not seem to be inferior to
traditional FBD in terms of SSI prevention and if chlorhex-
idine does in fact have a role in this, LD is a more humane
alternative for all patients considering the pain caused by
FBD, especially when it comes to frail and potentially cogni-
tively impaired patients, overrepresented within this patient
category.

Results of the logistic regression analysis for our primary
outcome of SSI compared to the composite outcome of SSI
and/or death were similar and we found that increased CCI,
reoperation and arthroplasty were significantly associated
with SSI risk, in line with others [5, 9, 12, 27]. The two
respective models of the adjusted analysis also presented

similar results and it is strengthening that the restricted
analysis regarding the outcome of SSI does in fact include
almost the entire study sample (442 of 496, 89%).

Limitations and strengths

This study is limited by its retrospective design and that
patients were not randomized to receive either method of
disinfection. In addition, due to that the cohorts were not
compared during the same year, the interventions were not
compared during the same time period and the lack of infor-
mation regarding potential confounders, such as seasonal
variability, variances in personnel, etc. is a limitation. The
study is also limited by a power of 50% to detect a signifi-
cant difference which must be considered when interpreting
the results. SSIs are multifactorial and while we assessed
the potential confounding of the majority of known pre-
operative risk factors, the risk factors: preoperative serum
albumin [6, 7], fasting blood glucose [7], hemoglobin [10],
and CRP [14], postoperative use of wound drainage [6],
long-term catheterization [34], postoperative hematoma
[12], and details regarding method of fracture fixation [5,
11], could not be assessed. BMI (specifically BMI > 28) is
an important, independent risk factor of SSI [6, 7, 9, 10],
unfortunately BMI was only found for 12% respectively 6%
of patients in this study and therefore could not be further
assessed. This study is based on medical records, also a limi-
tation due to the risk of inconsistency and error in registra-
tion, potentially affecting data and reliability of adjustment
for confounders. This limitation is specifically relevant for
smoking which was low in our study and potentially under-
estimated. Finally, our follow-up time of 6 weeks risks miss-
ing cases of late chronic wound infection, however, since we
wanted to capture SSIs potentially associated with factors of
surgery such as preoperative disinfection, a longer follow-up
time was considered inaccurate. In addition, other studies
have found that the majority of SSIs after hip surgery occur
within 4 weeks postoperatively [26]. In terms of strengths,
our study is population-based and in line with clinical real-
ity in that almost all eligible patients were included. Con-
tributing factors to this were that written consent was not
needed for inclusion, there were no exclusion criteria, and
consecutive exclusion was low, this in turn increasing gen-
eralizability. In addition, a majority of previously known
confounders have been taken into consideration and adjusted
for. To our knowledge, this is the first study of its kind in
Sweden, addressing a matter potentially causing unnecessary
pain for patients. Sweden does represent one of the highest
incidences of hip fracture worldwide [35], highlighting the
importance of research within the field.
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Conclusion

In conclusion, when comparing traditional FBD with 4%
chlorhexidine prior to hip fracture surgery with LD of the
surgical site in terms of SSI incidence, we found a non-
significant increased risk of SSIin 2018 (FBD) compared to
in 2019 (LD) after adjustment. The study has limitations and
randomized control trials are needed. Nonetheless, results
suggest that LD is not inferior to FBD regarding SSI preven-
tion, meaning patients could potentially be spared significant
levels of pain.

Acknowledgements The corresponding author, Probert, affirms that
everyone who contributed significantly to the work has been listed.
Appreciation is expressed to all personnel at the orthopedic clinic
where the study was performed who assisted with the collection of
data. Appreciation is also expressed to Professor Bo Soderquist for
help and valuable comments during completion of this manuscript.
This work was supported by ALF funding of Region Orebro County.
Grant number is not applicable.

Author contributions Study concept and design: PW, AGA. Acquisi-
tion of data: AGA, NP, EK. Analysis and interpretation of data: NP,
AM, AGA, EK. Preparation of manuscript: NP, AGA, AM, PW, EK.

Funding Open access funding provided by ('jrqbro University. This
work was supported by ALF funding of Region Orebro County. Grant
number is not applicable.

Data availability Data are available upon reasonable request. The data-
sets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Conflict of interest On behalf of all authors, the corresponding author
states that there is no conflict of interest.

Ethical approval The study was performed in line with the principles
of the Declaration of Helsinki. Approval was granted by the Regional
Research and Ethics Committee in Uppsala, Sweden, 2017/466.

Informed consent Informed consent was not needed for inclusion of
participants in the study due to the observational design as approved
by the Regional Research and Ethics Committee in Uppsala, Sweden,
2017/466.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer

References

1. Edwards C, Counsell A, Boulton C, Moran CG (2008) Early infec-
tion after hip fracture surgery: risk factors, costs and outcome. J
Bone Jt Surg Br 90(6):770-777

2. Duckworth AD, Phillips SA, Stone O, Moran M, Breusch SJ,
Biant LC (2012) Deep infection after hip fracture surgery: pre-
dictors of early mortality. Injury 43(7):1182-1186

3. Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR
(1999) Guideline for prevention of surgical site infection. Am J
Infect Control 27(2):97-134

4. Cordero J, Maldonado A, Iborra S (2016) Surgical delay as a risk
factor for wound infection after a hip fracture. Injury 47(Suppl
3):S56-s60

5. Harrison T, Robinson P, Cook A, Parker MJ (2012) Factors affect-
ing the incidence of deep wound infection after hip fracture sur-
gery. J Bone Jt Surg Br 94(2):237-240

6. Liu X, DongZ, LiJ, Feng Y, Cao G, Song X et al (2019) Factors
affecting the incidence of surgical site infection after geriatric hip
fracture surgery: a retrospective multicenter study. J Orthop Surg
Res 14(1):382

7. MaT,LuK, Song L, Wang D, Ning S, Chen Z et al (2020) Modifi-
able factors as current smoking, hypoalbumin, and elevated fasting
blood glucose level increased the SSI risk following elderly hip
fracture surgery. J Invest Surg 33(8):750-758

8. Partanen J, Syrjéld H, Vihinikkild H, Jalovaara P (2006) Impact
of deep infection after hip fracture surgery on function and mortal-
ity. J Hosp Infect 62(1):44-49

9. Ogawa T, Yoshii T, Morishita S, Moriwaki M, Okawa A, Nazarian
A et al (2021) Seasonal impact on surgical site infections in hip
fracture surgery: analysis of 330,803 cases using a nationwide
inpatient database. Injury 52(4):898-904

10. JiC,Zhu Y, Liu S, LiJ, Zhang F, Chen W et al (2019) Incidence
and risk of surgical site infection after adult femoral neck fractures
treated by surgery: a retrospective case-control study. Medicine
(Baltimore) 98(11):¢14882

11. Dale H, Skramm I, Lgwer HL, Eriksen HM, Espehaug B, Furnes
O et al (2011) Infection after primary hip arthroplasty: a compari-
son of 3 Norwegian health registers. Acta Orthop 82(6):646-654

12. de Jong L, Klem T, Kuijper TM, Roukema GR (2017) Factors
affecting the rate of surgical site infection in patients after hemiar-
throplasty of the hip following a fracture of the neck of the femur.
Bone JtJ 99-b(8):1088-94

13. Noailles T, Brulefert K, Chalopin A, Longis PM, Gouin F (2016)
What are the risk factors for post-operative infection after hip
hemiarthroplasty? Systematic review of literature. Int Orthop
40(9):1843-1848

14. Zajonz D, Brand A, Lycke C, Ozkurtul O, Theopold J, Spiegl
UJA et al (2019) Risk factors for early infection following hemi-
arthroplasty in elderly patients with a femoral neck fracture. Eur
J Trauma Emerg Surg 45(2):207-212

15. Mok WQ, Ullal MJ, Su S, Yiap PL, Yu LH, Lim SMM et al
(2019) An integrative care bundle to prevent surgical site infec-
tions among surgical hip patients: a retrospective cohort study.
Am J Infect Control 47(5):540-544

16. Pulido L, Ghanem E, Joshi A, Purtill JJ, Parvizi J (2008) Peripros-
thetic joint infection: the incidence, timing, and predisposing fac-
tors. Clin Orthop Relat Res 466(7):1710-1715

17. Zhu'Y, Zhang F, Chen W, Liu S, Zhang Q, Zhang Y (2015) Risk
factors for periprosthetic joint infection after total joint arthro-
plasty: a systematic review and meta-analysis. J Hosp Infect
89(2):82-89

18. Kapadia BH, Johnson AJ, Daley JA, Issa K, Mont MA (2013)
Pre-admission cutaneous chlorhexidine preparation reduces


http://creativecommons.org/licenses/by/4.0/

European Geriatric Medicine (2022) 13:1089-1097

1097

20.

21.

22.

23.

24.

25.

26.

surgical site infections in total hip arthroplasty. J Arthroplasty
28(3):490-493

. Ann-Christin von Vogelsang AEA (2020) Preoperativ vard - Helk-

roppstvitt och helkroppsdesinfektion Vardhandboken: Vardhand-
boken; 2020 [updated 21 Nov 2020. Available from: https://www.
vardhandboken.se/vardhygien-infektioner-och-smittspridning/
operationssjukvard/preoperativ-vard

Webster J, Osborne S (2015) Preoperative bathing or showering
with skin antiseptics to prevent surgical site infection. Cochrane
Database Syst Rev 2:Cd004985

Rotter ML, Larsen SO, Cooke EM, Dankert J, Daschner F, Greco
D et al (1988) A comparison of the effects of preoperative whole-
body bathing with detergent alone and with detergent containing
chlorhexidine gluconate on the frequency of wound infections
after clean surgery. J Hosp Infect 11(4):310-320

Franco LM, Cota GF, Pinto TS, Ercole FF (2017) Preoperative
bathing of the surgical site with chlorhexidine for infection pre-
vention: systematic review with meta-analysis. Am J Infect Con-
trol 45(4):343-349

Bonnevialle N, Geiss L, Cavalié L, Ibnoulkhatib A, Verdeil X,
Bonnevialle P (2013) Skin preparation before hip replacement
in emergency setting versus elective scheduled arthroplasty: bac-
teriological comparative analysis. Orthop Traumatol Surg Res
99(6):659-665

Jivegérd L, Petzold M, Stadig I, Svanberg T, Sjogren P. Update:
Chlorhexidine wash prior to clean surgical procedures [Uppdat-
erad: Preoperativ klorhexidintvitt]. Goteborg: Vistra Gotalandsre-
gionen, Sahlgrenska Universitetssjukhuset, HTA-centrum; 2020.
Regional activity-based HTA 2020:113

Rikshofts Arsrapport 2018, Annual report from National Qual-
ity Registry for Hip Fracture Patients and Treatment A. Hommel
and M. Hedstrom 2019. Available from: https://www.researchgate.
net/publication/346397870_Rikshofts_Arsrapport_2018_Annual _
report_from_National_Quality_Registry_for_Hip_Fracture_Patie
nts_and_Treatment

Lindgren V, Gordon M, Wretenberg P, Kirrholm J, Garellick G
(2014) Deep infection after total hip replacement: a method for
national incidence surveillance. Infect Control Hosp Epidemiol
35(12):1491-1496

27.

28.

29.

30.

31.

32.

33.

34.

35.

Wang J (2009) Arthroplasty or internal fixation for displaced fem-
oral neck fractures: which is the optimal alternative for elderly
patients? A meta-analysis. Int Orthop 33(5):1179-1187
Ludvigsson JF, Appelros P, Askling J, Byberg L, Carrero JJ,
Ekstrom AM et al (2021) Adaptation of the Charlson comorbid-
ity index for register-based research in Sweden. Clin Epidemiol
13:21-41

Pollmann CT, Dahl FA, Rgtterud JHM, Gjertsen JE, Arqjen A
(2020) Surgical site infection after hip fracture—mortality and
risk factors: an observational cohort study of 1,709 patients. Acta
Orthop 91(3):347-352

Malik AT, Quatman CE, Phieffer LS, Ly TV, Khan SN (2019)
Timing of complications following surgery for geriatric hip frac-
tures. J Clin Orthop Trauma 10(5):904-911

Wihlborg O (1987) The effect of washing with chlorhexidine soap
on wound infection rate in general surgery. A controlled clinical
study. Ann Chir Gynaecol 76(5):263-5

Falk-Brynhildsen K, Soderquist B, Friberg O, Nilsson UG (2013)
Bacterial recolonization of the skin and wound contamination dur-
ing cardiac surgery: a randomized controlled trial of the use of
plastic adhesive drape compared with bare skin. J Hosp Infect
84(2):151-158

Iversen S, Johannesen TB, Ingham AC, Edslev SM, Tevell S,
Mainsson E et al (2020) Alteration of bacterial communities in
anterior nares and skin sites of patients undergoing arthroplasty
surgery: analysis by 16S rRNA and staphylococcal-specific tuf
gene sequencing. Microorganisms 8(12):1977

Cumming D, Parker MJ (2007) Urinary catheterisation and
deep wound infection after hip fracture surgery. Int Orthop
31(4):483-485

Kanis JA, Odén A, McCloskey EV, Johansson H, Wahl DA,
Cooper C (2012) A systematic review of hip fracture inci-
dence and probability of fracture worldwide. Osteoporos Int
23(9):2239-2256

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://www.vardhandboken.se/vardhygien-infektioner-och-smittspridning/operationssjukvard/preoperativ-vard
https://www.vardhandboken.se/vardhygien-infektioner-och-smittspridning/operationssjukvard/preoperativ-vard
https://www.vardhandboken.se/vardhygien-infektioner-och-smittspridning/operationssjukvard/preoperativ-vard
https://www.researchgate.net/publication/346397870_Rikshofts_Arsrapport_2018_Annual_report_from_National_Quality_Registry_for_Hip_Fracture_Patients_and_Treatment
https://www.researchgate.net/publication/346397870_Rikshofts_Arsrapport_2018_Annual_report_from_National_Quality_Registry_for_Hip_Fracture_Patients_and_Treatment
https://www.researchgate.net/publication/346397870_Rikshofts_Arsrapport_2018_Annual_report_from_National_Quality_Registry_for_Hip_Fracture_Patients_and_Treatment
https://www.researchgate.net/publication/346397870_Rikshofts_Arsrapport_2018_Annual_report_from_National_Quality_Registry_for_Hip_Fracture_Patients_and_Treatment

	Surgical-site infection after hip fracture surgery: preoperative full-body disinfection compared to local disinfection of the surgical site—a population-based observational cohort study
	Key summary points
	Aim 
	Findings 
	Message 

	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Study design, setting and participants
	Study intervention
	Patient characteristics and confounders
	Primary and secondary outcome measures
	Statistical analyses

	Results
	Discussion
	Limitations and strengths

	Conclusion
	Acknowledgements 
	References




