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REVIEW

The role of other stakeholders than the surgeon in relation to surgical site
infections following total joint replacement

Bart StuyTs, Elke VAN DEN EEDEN, Peter FENNEMA

From Sint-Augustinus HospitalWilrijk, Belgium

In contemporary orthopaedics, surgical site infec-
tions (SSIs) can have significant negative consequenc-
es for both patients and the healthcare system overall.
To date, most efforts at combating the risk of SSIs
have focused on the role of the surgeon, yet recent
data suggest that a more expansive approach is
warranted. The current review offers an overview of
the most-relevant factors associated with SSIs in
orthopaedic surgery, and the crucial role that the full
surgical staff can play in addressing them.
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INTRODUCTION

Joint arthroplasty is widely considered to be one
of the safest and most cost-effective procedures in
contemporary surgery (15). Despite decades of im-
proved outcomes, the long-term success of these
procedures is threatened by the onset of surgical site
infections (SSIs) that can lead to increased patient
morbidity and mortality (37,59,69).

The rate of SSIs within the first year following
joint arthroplasty has been reported to be between
2.0% (84) and 2.8% (74). In total knee arthroplasty
(TKA) in particular, intercountry rates range
between 0.2% and 3.2% (39). Treating these hospi-
tal-acquired infections places additional economic
strains on an already overburdened healthcare sys-
tem (37,39). This problem is compounded by the
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global rise in difficult-to-treat resistant organisms
such as methicillin-resistant Staphylococcus aureus
(MRSA) and Gram negatives, which often require
additional surgical procedures and increased hospi-
tal stays that collectively contribute to ballooning
costs (18).

The rise in SSIs and their associated costs has
created a clear impetus among the surgical commu-
nity to improve perioperative care for patients
undergoing joint arthroplasty. This has led to the
creation of comprehensive guidelines to aid in the
prevention of SSIs (40,44). As the etiology of these
infections is decidedly multifaceted (62), these
guidelines recommend a strategy for preventing
SSIs using so-called “bundling” activities that tar-
get a variety of risk factors together (58,71,82).

The implementation of these bundling techniques
is often thought to be chiefly the responsibility of
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the surgeon (22). However, this overlooks the criti-
cal role (both direct and indirect) that the broader
surgical team have in performing these procedures
and interventions. Recent data have further illumi-
nated the influence these medical personnel can
have on the risk of infection. In order for preventa-
tive strategies to have a maximum impact, they
must therefore utilize a team approach that both
educates these medical professionals in the poten-
tial causes of SSI and enables them to take a more-
robust role in combating their occurrence.

The current review summarises the most recent
and relevant data on SSIs in adult inpatients under-
going joint arthroplasty. Unlike previous reviews on
this topic, it focuses on those risk factors that typi-
cally are, completely or in part, beyond the direct
control of the orthopaedic surgeon.

THE ROLE OF THE SURGICAL TEAM

Behavioural aspects

Behavioural factors are generally believed to
play an important role in the risk of SSIs. However,
perhaps due to the inherent difficulties in studying
behaviour, the literature on this topic is currently
limited to two studies. Beldi et al reported an asso-
ciation between intangible aspects of operating
room staff behaviour during surgery and the risk of
SSI (6). After randomly allocating 1,032 patients to
standard versus extensive antiseptic measures, the
authors sought to document the “discipline factors”
most relevant to developing an SSI (6). They ob-
served that change within surgical team member
(odds ratio [OR], 2.84 ; 95% confidence interval
[CI], 1.97-4.08), hectic movement (OR, 1.82 ; 95%
CI, 1.10-3.01), loud noise in the operating room
(OR, 1.87 ;95% CI, 1.34-2.60), and the presence of
one or more visitors during surgery (OR, 1.79, CI,
1.26-1.53) were the strongest independent risk fac-
tors for SSI. Additionally, a small study of 35 pa-
tients by Kurmann et al found that median sound
level during surgery was 4 decibels higher in patient
that had developed an SSI infection (p = 0.029), and
talking about non-surgery related topics was associ-
ated with a higher sound level (p = 0.024) (36).
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Door opening

Door opening acts as a risk factor for SSI through
two mechanisms : the opening of the operating
room door disrupts laminar airflow, thereby allow-
ing pathogens to enter the space surrounding the site
of the operation (10,17,62), and increased operating
room traffic itself raises infection risk (10,62,65).

Mean door-opening frequency during arthroplas-
ty procedures has been reported at a rate of 0.6-0.7
openings per minute for primary operations and
0.84 for revisions, with 63% of traffic occurring
after incision (4,62), a rate which was deemed
“alarmingly high” (4). Door openings were attribut-
ed primarily to nursing staff (52.2% of total door
openings), followed by anaesthesia (23.9%) and
orthopaedic staff (12.7%), for reasons ranging from
justifiable, such as retrieving necessary instruments
or implants and rotating out for breaks, to those less
so, such as speaking with colleagues in the corri-
dor (4).

Electronic devices in the operating room

People rely more on portable electronic devices
such as tablets and cell phones than ever before, and
healthcare workers are no exception. In the operat-
ing room, however, such devices can pose substan-
tial contamination risks, with the number of devices
carrying resistant microorganisms (gram-negative
rods and S aureus) thought to range from 44% to
98% (12). It is therefore recommended that such de-
vices be left out of the operating room if possible.
However, as portable electronic technology plays a
greater role in the diagnosis and care of patients, it
is possible that there presence will someday be con-
sidered essential. In such instances, the devices
should undergo a comprehensive cleanse with an
alcohol-related solution prior to their admittance
into the operating theatre (7,/2).

Sterility breaks
There are tremendous demands placed upon the
circulating nurse and scrub person in establishing

and ensuring sterile operating conditions in terms of
volume (e.g., number of rooms and hours spent

Acta Orthopaedica Belgica, Vol. 81 - 4 - 2015

18/01/16 10:59



stuyts-.indd 580

580

sterilizing daily), which in turn makes this area vul-
nerable to lapses and errors. Throughout the process
of pre-operative sterilization, setting up and open-
ing of instruments, and during surgery, it is not un-
common that contamination can occur by unsterile
staff by reaching over a sterile field or allowing un-
sterile items to enter the field, or when the scrub
person improperly moves a table with gloved
hand (30).

Additional risks are posed by the reuse of single-
use items. Adverse events related to device contam-
ination or damage do occur, but there is limited re-
porting in the literature on the risk incidence (72).
Cost savings related to reprocessing of single-use
devices can easily be offset by costs related to ad-
verse events (72). A noteworthy case described in
the literature is provided with multiple-dosing in
multiple patients of single-use vials of propofol,
which may lead to contamination and outbreaks of
severe sepsis (57,73).

Surgical skill and procedure volume

A surgeon’s ability to gently handle tissue is con-
sidered imperative for minimising trauma and pre-
venting necrosis and its resultant infection risk (48).
The overall importance of these skills in limiting
SSIs is considered undervalued by some (44,52).
Mishriki et al found the surgeon to be the strongest
risk factor of SSI in general surgical patients (53).
However, others consider this factor to be overstat-
ed, with a recently published study reporting no
differences in periprosthetic joint infection rates re-
gardless of whether a patient was operated upon by
a staff surgeon versus a trainee (59,85). A clearer as-
sociation is perhaps found in the number of cases
surgical teams perform, as greater familiarity will
likely reduce error rates and surgical times (59), with
the latter having a direct correlation with decreased
infection risk (85). Several studies in total joint
arthroplasty have found that higher infection rates
occur at lower-volume institutions and amongst
low-volume surgeons (23,59). Another possible
explanation for this discrepancy may be that high-
volume institutions have organised SSI control
departments and more-stringent prevention and
early detection measures.

Acta Orthopaedica Belgica, Vol. 81 - 4 - 2015

B. STUYTS, E. VAN DEN EEDEN, P. FENNEMA

Preoperative hair removal

Although numerous randomised clinical studies
have investigated the association between preopera-
tive hair removal and SSI, the results in this area
have been somewhat contradictory (44). Most stud-
ies recommended against preoperative shaving of
the surgical site, citing a higher infection risk when
compared with either no removal or the use of clip-
pers (43,80). It is hypothesised that this increased
risk is due to microscopic cuts of the skin made dur-
ing shaving, which in turn serve as foci for bacterial
multiplication after surgery (/4,44). This risk appears
to be reduced when clipping or shaving is performed
in the immediate preoperative period rather than
night before (44). Other studies have concluded that
not removing hair lowers the postoperative SSI
risk (53,55).

Surgical attire

The use of disposable caps and masks in operat-
ing theatres for scrubbed and non-scrubbed staff is a
hallmark of modern surgery, yet recent studies have
challenged its effectiveness. Humphreys et al re-
ported that wearing surgical headgear was not
associated with bacterial air count reductions, and
recommended against its routine use among non-
scrubbed staff not directly involved in high-risk
surgical procedure (e.g., arthroplasty), as effective
ventilation counteracts any increased bacterial
shedding (33). A study of bacterial air counts at head
and waste level also observed no consistent benefit
to headgear used in conventional (plenum ventilat-
ed) airflow theatres, yet did find 22 times the number
of organisms when operating staff did not wear
surgical headgear in ultraclean (enclosed vertical
laminar-flow) theatres (32).

Other studies have observed increased bacterial
shedding when no facemask is worn, including an
analysis by Berger et al of 30 cardiac catheterisation
procedures where the number of bacterial colonies
recoverable was significantly higher than that de-
tected when a full mask was worn (p < 0.002) (7). A
significant reduction in bacterial colonies with face
masks was also noted in an analysis of blood agar
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plates placed 30 cm directly below the lips of
20 volunteers (49).

Preoperative hand / forearm antisepsis

The unintended transfer of microorganisms from
surgeons and surgical staff to the patient is a key
area of concern. Although the use of sterile gloves is
the accepted means for protecting against pathogen-
ic transfer, it is not without complication. Their use
must be accompanied by meticulous sterile tech-
niques, and even then, perforations in the gloves
sustained during surgery can undue their utili-
ty (16,26). Glove perforations are far from rare, with
one study observing their occurrence in 10% of
6,540 procedures (54).

A literature review on the topic confirmed that
the addition of a second pair of surgical gloves sig-
nificantly reduced perforations to innermost gloves,
as did a third pair of gloves, knitted outer gloves,
and glove liners. Despite this, there was no direct
evidence that the use of additional glove protection
reduced SSIs, though the review was insufficiently
powered to confirm such an association (77).

There are additional antiseptic options for the
hands and forearms prior to entering the operating
room theatre. Water-based aqueous solutions typi-
cally contain chlorhexidine or povidone iodine (PI),
and require a surgical scrub of 3- to 5-minutes dura-
tion (70). Newer alcohol rubs that contain concen-
trated ethanol, iso-propanol, or n-propanol, require
simple hand washing at the beginning of the day
and then, if the hands are relatively clean, a pre-
surgery application of the alcohol solution. Addi-
tional bactericidal impact can be obtained by adding
chlorhexidine, iodine, and various other active
ingredients to these alcohol rubs (70).

Removal of nail polish and finger rings

It is standard practice in most hospitals for the
operating team not to wear hand jewellery, nail pol-
ish, or nail extensions during surgical procedures,
although a Cochrane review found no randomized
clinical studies assessing the impact of these cos-
metic features on the postoperative infection rate (2).
The United Kingdom’s National Institute for Health
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and Care Excellence (NICE) guidelines state that in
certain circumstances artificial nails, nail polish,
and jewellery may conceal underlying soiling and
impair hand decontamination. Because of this in-
herent risk, NICE recommends that the operating
team should remove hand jewellery before opera-
tions (61).

MODIFIABLE PATIENT-SPECIFIC RISKS

As arthroplasty patients typically undergo con-
servative treatments prior to surgery, often over
several years, physicians have ample time to target
modifiable risk factors for infection, which a recent
study estimated to be present in approximately 80%
of patients (64). Addressing these modifiable risk
factors must fall to both the surgeon as well as the
anesthesiologist in the run-up to surgery. Following
appropriate treatment protocols that allow for moni-
toring and, where possible, correcting these risk fac-
tors is an essential part of the preoperative treatment
process in total joint arthroplasty. Key modifiable
patient risk factors to consider include obesity, im-
munodeficiency virus, diabetes, smoking, anaemia,
risk for MRSA colonization, urinary tract infection,
malnutrition, a history local or remote orthopaedic
infection, and poor dental hygiene (56).

THE ROLE OF THE ANESTHESIOLOGIST
Type of anaesthesia

Recent data suggests that the choice of regional
versus general anaesthesia may have a considerable
impact on infection risk in orthopaedic patients via
the beneficial effects of neuraxial anesthesia on tis-
sue perfusion, immune function, and blood loss (42,
66). Currently though, this effect is more established
on short-term rather than long-term outcomes.

Intraoperative high inspired oxygen fraction
(FIO2) has been effective at preventing SSI in the
general surgery population (31), though its value in
elective orthopaedic surgery requires further re-
search (79). In addition, vasodilatation induced
through controlled epidural hypotension is known
to significantly reduce blood loss and improve tis-
sue perfusion (79), and hypotension may be benefi-
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cial for addressing the hematoma formation and
blood transfusion requirements linked to increased
infection risk. Caution should be exercised in equat-
ing hypotension with hypo perfusion, as the risk of
hypo perfusion is significantly increased during hy-
povolemic episodes due to blood loss or general an-
aesthetic effects (79).

Antibiotic prophylaxis

Proper timing is essential when administering
preoperative antibiotics for knee surgery. This is
due to several factors, including the relatively
abbreviated half-lives of certain antibiotics and the
possibility that the tourniquet often employed
during this surgery will prevent an effective anti-
biotic concentration building up in the tissues. A
study conducted in Sweden found that 57% of
patients had antibiotic prophylaxis outside of the re-
quired 45 to 15 minute preoperative time frame (76).
However, Soriano et al found no significant differ-
ence in postoperative infection rate between pa-
tients randomized to standard antibiotic prophylaxis
or to administration of prophylactic antibiotics just
before release of the tourniquet (75). A pharmacoki-
netic analysis by Bicanic et al hypothesized that
cefazolin should be provided no longer than 30 min-
utes before incision (tourniquet inflation) and not
less than 10 minutes before tourniquet inflation (8).

The practice of avoiding cefazolin administration
in penicillin-allergic patients is without solid ratio-
nale, given the relative lack of cross-reactivity
observed between these agents. Rates of cross reac-
tivity have been reported to be as low as 1% and
2.55% in those with reported and confirmed penicil-
lin allergies, respectively (11).

Opioid therapy and immunosuppression

Modern anaesthesia aims to reduce the periopera-
tive use of morphine and other opioid-like substanc-
es (25). There is some evidence in the literature of
opioid-mediated suppression of immune responses
that can in turn decrease otherwise natural processes
of infection resistance (8/).

Acta Orthopaedica Belgica, Vol. 81 - 4 - 2015

B. STUYTS, E. VAN DEN EEDEN, P. FENNEMA

Hypothermia

The induction of general anaesthesia impairs
thermoregulatory mechanisms and redistributes
core body heat to the periphery (45), with tempera-
ture losses of up 1.6°C observed in the first hour of
anaesthesia alone (719). When perioperative hypo-
thermia occurs, it can cause a cascade involving
adrenalin release, peripheral vasoconstriction and
hypertension, and increasing myocardial ischemia
risk (20). Myocardial infarction, SSI, and resultant
increases in recovery time and length of hospital
stay can occur with even mild hypothermia (28,38,
50,68). Conversely, preventing perioperative hypo-
thermia has been shown to reduce blood loss and
transfusion requirements (68), as well as the inci-
dence of SSIs (13,38,50,79). Some studies have noted
that forced air warming (FAW) and heating blan-
kets appear effective in maintaining perioperative
normothermia during arthroplasty surgery (35,60).
This is complicated by another analysis that found
that FAW devices have an increased movement of
non-sterile airflow over the surgical site, an effect
that was not found for conduct fabric warming (47).
However, the validity of these findings have been
questioned by others (63) and more research is need-
ed to clarify the issue (83).

Hyperoxia

The role hyperoxia plays in the prevention of
SSIs remains debated (79). In vitro studies have
demonstrated the impact of tissue oxygen tension
on the effect of oxidative killing of neutrophils (3).
Clinical studies have also observed a significantly
lower subcutaneous tissue oxygen tension in those
with SSI than in this without SSI, with no infections
documented in patients with tissue oxygen tension
levels larger then 90 mmHg (24,29). However, such
differences may only be apparent when measuring
saturation levels at locations remote from the opera-
tive site, with no association between oxygen satu-
ration and SSI at the surgical site itself (24).

Of the five other randomised trials assessing this
topic (5,9,21,46,51), all but one (5) reported equiva-
lence. A meta-analysis of randomised trials, with
27278 patients in total, also yielded comparable
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results (67). Subgroup analysis among these patients
did indicate that certain cohorts (e.g., those under-
going colorectal surgery) were less likely to develop
an SSI after receiving hyperoxia, signalling a pos-
sible role for specific populations, though the utility
of hyperoxia across all surgical cases continues to
remain unclear.

DISCUSSION

SSIs pose a considerable risk to contemporary or-
thopaedics, in the form of elevated costs, increased
recovery times, and, in the most severe cases, pa-
tient mortality. Though the proposed causes for
SSIs range in term of supporting evidence, there is a
consensus that the room for improved outcomes is
considerable. By understanding the potential causes
of SSIs, surgical staff can make necessary, and in
some instances simple, changes to reduce their
potential occurrence.

In the United States, the Surgical Care Improve-
ment Project (SCIP) was created in August 2005
with the aim of reducing surgical infection, venous
thromboembolism, and cardiac events (27,58). For
the specific aim of preventing perioperative infec-
tion, SCIP recommends initiatives such as correct
antibiotic selection for probable microbial contami-
nants and managing their use from the prophylactic
to postsurgical periods, careful surgical site hair
removal, and perioperative normothermia.

Similar initiatives have been undertaken in
Europe. The United Kingdom’s NICE recommen-
dation encompasses all surgical phases, from the
preoperative (e.g., antibiotic prophylaxis and
treatment), intraoperative (e.g., maintaining patient
homeostasis), and postoperative (e.g., cleansing and
dressing) (40).

Although several studies have shown that imple-
menting such bundles can lead to a significant
reduction in the incidence of SSI (58,71,82), this has
not translated into a decrease in their overall occur-
rence rate (41). These disappointing results are per-
haps due to the wide variability in compliance (20-
60%) reported with these programs (41).

For these bundles to be implemented success-
fully, there will need to be a shift in individual,
cultural, and institutional support systems (47). This
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process begins with the recognition of the potential
impact of operating ward behaviour and practices,
and is followed by the enforcement of mandated
clinical practices. These must be multidisciplinary
efforts that incorporates all staff involved in the sur-
gical process ; not just surgeons, but also anesthe-
tists, operating room heads, and infection control
personnel (34). Although the roles and responsibili-
ties differ for each individual team member, the
common objective is the prevention of SSI. Check-
lists can provide a simple but effective means for
improving compliance (47).

The orthopaedic surgeon remains the ultimate
person responsible for the patient’s well- being, but
SSI prevention must without a doubt be considered
a shared responsibility if it is to be effective. This
requires that all other team members in addition to
the surgeon are aware of their roles and responsi-
bilities in the occurrence and the prevention of in-
fection, as well as the impact of infection on the
patient’s health (78). A joint responsibility releases
the orthopaedic surgeon from the cumbersome bur-
den of acting as the police officer for the team who
is constantly having to show people when they are
in conflict with the rules (78). This multidisciplinary
team must also be responsible for phasing out obso-
lete practices now known to have little impact on
overall SSI risk, and instead moving towards
bundles based on the best available evidence. When
reliably implemented and enforced, validated proto-
cols can effectively reduce the risk of SSIs (58,71,82).

REFERENCES

1. Alijanipour P, Karam J, Llinas A et al. Operative
environment. J Arthroplasty 2014 ; 29 : 49-64.

2. Arrowsmith VA, Maunder JA, Sargent RJ, Taylor R.
Removal of nail polish and finger rings to prevent surgical
infection. Cochrane Database Syst Rev 2001 ; CD003325.

3. Babior BM. Oxygen-dependent microbial killing by
phagocytes (first of two parts). N Engl J Med 1978 ; 298 :
659-668.

4. Bedard M, Pelletier-Roy R, Angers-Goulet M,
Leblanc PA, Pelet S. Traffic in the operating room during
joint replacement is a multidisciplinary problem. Can J
Surg 2015 ; 58 : 232-236.

5. Belda FJ, Aguilera L, Garcia de la Asuncion J ef al.
Supplemental perioperative oxygen and the risk of surgical
wound infection : a randomized controlled trial. JAMA
2005 ; 294 : 2035-2042.

Acta Orthopaedica Belgica, Vol. 81 - 4 - 2015

18/01/16 10:59



stuyts-.indd 584

584

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Beldi G, Bisch-Knaden S, Banz V, Muhlemann K,

Candinas D. Impact of intraoperative behavior on surgical
site infections. Am J Surg 2009 ; 198 : 157-162.

. Berger SA, Kramer M, Nagar H, Finkelstein A,

Frimmerman A, Miller HI. Effect of surgical mask
position on bacterial contamination of the operative field.
J Hosp Infect 1993 ; 23 : 51-54.

. Bicanic G, Crnogaca K, Barbaric K, Delimar D.

Cefazolin should be administered maximum 30 min before
incision in total knee arthroplasty when tourniquet is used.
Med Hypotheses 2014 ; 82 : 766-768.

. Bickel A, Gurevits M, Vamos R, Ivry S, Eitan A.

Perioperative hyperoxygenation and wound site infection
following surgery for acute appendicitis : a randomized,
prospective, controlled trial. Arch Surg 2011 ; 146 : 464-
470.

Birgand G, Saliou P, Lucet JC. Influence of staff behavior
on infectious risk in operating rooms : what is the evidence ?
Infect Control Hosp Epidemiol 2015 ; 36 : 93-106.
Campagna JD, Bond MC, Schabelman E, Hayes BD.
The use of cephalosporins in penicillin-allergic patients : a
literature review. J Emerg Med 2012 ; 42 : 612-620.
Chauveaux D. Preventing surgical-site infections :
measures other than antibiotics. Orthop Traumatol Surg
Res 2015 ; 101 : S77-83.

Choong PF, Dowsey MM, Carr D, Daffy J, Stanley P.
Risk factors associated with acute hip prosthetic joint
infections and outcome of treatment with a rifampinbased
regimen. Acta Orthop 2007 ; 78 : 755-765.

Conte JE. Manual of antibiotics and infectious diseases :
treatment and prevention. Ninth edition. Philadelphia :
Lippincott Williams & Wilkins ; 2001.

Daigle ME, Weinstein AM, Katz JN, Losina E. The cost-
effectiveness of total joint arthroplasty: a systematic
review of published literature. Best Pract Res Clin
Rheumatol 2012 ; 26 : 649-658.

Esteban JI, Gomez J, Martell M et al. Transmission of
hepatitis C virus by a cardiac surgeon. N Engl J Med 1996 ;
334 : 555-560.

Evans RP. Current concepts for clean air and total joint
arthroplasty : laminar airflow and ultraviolet radiation : a
systematic review. Clin Orthop Relat Res 2011 ; 469 : 945-
953.

Everhart JS, Altneu E, Calhoun JH. Medical comorbidi-
ties are independent preoperative risk factors for surgical
infection after total joint arthroplasty. Clin Orthop Relat
Res 2013 ;471 :3112-3119.

Forbes SS, McLean RF. Review article: the
anesthesiologist’s role in the prevention of surgical site
infections. Can J Anaesth 2013 ; 60 : 176-183.

Frank SM, Fleisher LA, Breslow MJ et al. Perioperative
maintenance of normothermia reduces the incidence of
morbid cardiac events. A randomized clinical trial. JAMA
1997 ;277 : 1127-1134.

Gardella C, Goltra LB, Laschansky E et al. High-
concentration supplemental perioperative oxygen to reduce

Acta Orthopaedica Belgica, Vol. 81 - 4 - 2015

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

B. STUYTS, E. VAN DEN EEDEN, P. FENNEMA

the incidence of postcesarean surgical site infection: a
randomized controlled trial. Obstet Gynecol 2008 ; 112 :
545-552.

Gastmeier P, Brandt C,Sohr D, Ruden H. [Responsibility
of surgeons for surgical site infections]. Chirurg 2006 ; 77 :
506-511.

Geubbels EL, Wille JC,Nagelkerke NJ, Vandenbroucke-
Grauls CM, Grobbee DE, de Boer AS. Hospital-related
determinants for surgical-site infection following hip
arthroplasty. Infect Control Hosp Epidemiol 2005 ; 26 :
435-441.

Govinda R, Kasuya Y, Bala E et al. Early postoperative
subcutaneous tissue oxygen predicts surgical site infection.
Anesth Analg 2010 ; 111 : 946-952.

Grosu I, Lavand’homme P, Thienpont E. Pain after knee
arthroplasty : an unresolved issue. Knee Surg Sports
Traumatol Arthrosc 2014 ; 22 : 1744-1758.

Harpaz R, Von Seidlein L, Averhoff FM et al. Transmis-
sion of hepatitis B virus to multiple patients from a surgeon
without evidence of inadequate infection control. N Engl J
Med 1996 ; 334 : 549-554.

Hawn MT, Vick CC, Richman J et al. Surgical site
infection prevention : time to move beyond the surgical
care improvement program. Ann Surg 2011 ; 254 : 494-
499 ; discussion 499-501.

Hooper VD, Chard R, Clifford T et al. ASPAN’s
evidence-based clinical practice guideline for the promotion
of perioperative normothermia : second edition. J Peri-
anesth Nurs 2010 ; 25 : 346-365.

Hopf HW, Hunt TK, West JM ef al. Wound tissue oxygen
tension predicts the risk of wound infection in surgical
patients. Arch Surg 1997 ; 132: 997-1004 ; discussion
1005.

Hopper WR, Moss R. Common breaks in sterile tech-
nique : clinical perspectives and perioperative implications.
AORN J 2010 ; 91 : 350-364 ; quiz 365-357.
Hovaguimian F, Lysakowski C, Elia N, Tramer MR.
Effect of intraoperative high inspired oxygen fraction on
surgical site infection, postoperative nausea and vomiting,
and pulmonary function: systematic review and meta-
analysis of randomized controlled trials. Anesthesiology
2013 ;119 : 303-316.

Hubble MJ, Weale AE, Perez JV, Bowker KE,
MacGowan AP, Bannister GC. Clothing in laminar-flow
operating theatres. J Hosp Infect 1996 ; 32 : 1-7.
Humphreys H, Russell AJ, Marshall RJ, Ricketts VE,
Reeves DS. The effect of surgical theatre head-gear on air
bacterial counts. J Hosp Infect 1991 ; 19 : 175-180.
Johnson R, Jameson SS, Sanders RD ef al. Reducing
surgical site infection in arthroplasty of the lower limb : A
multi-disciplinary approach. Bone Joint Res 2013 ; 2 : 58-
65.

Kim YS, Jeon YS, Lee JA et al. Intra-operative warming
with a forced-air warmer in preventing hypothermia after
tourniquet deflation in elderly patients. J Int Med Res 2009 ;
37 :1457-1464.

18/01/16 10:59



stuyts-.indd 585

36.

37.

38.

39.

40.

41.

42.

43.

44

45.

46.

47.

48.

49.

50.

THE ROLE OF OTHER STAKEHOLDERS THAN THE SURGEON

Kurmann A, Peter M, Tschan F, Muhlemann K,
Candinas D, Beldi G. Adverse effect of noise in the
operating theatre on surgical-site infection. Br J Surg 2011 ;
98 :1021-1025.

Kurtz SM, Lau E, Watson H, Schmier JK, Parvizi J.
Economic burden of periprosthetic joint infection in the
United States. J Arthroplasty 2012 ; 27 : 61-65 e61.

Kurz A, Sessler DI, Lenhardt R. Perioperative normo-
thermia to reduce the incidence of surgical-wound infection
and shorten hospitalization. Study of Wound Infection and
Temperature Group. N Engl J Med 1996 ; 334 : 1209-1215.
Lamagni T, Elgohari S, Harrington P. Trends in surgical
site infections following orthopaedic surgery. Curr Opin
Infect Dis 2015 ; 28 : 125-132.

Leaper D, Burman-Roy S, Palanca A ef al. Prevention
and treatment of surgical site infection : summary of NICE
guidance. BMJ 2008 ; 337 : a1924.

Leaper DJ, Tanner J, Kiernan M, Assadian O,
Edmiston CE Jr. Surgical site infection : poor compliance
with guidelines and care bundles. Int Wound J 2015 ; 12 :
357-362.

Liu J, Ma C, Elkassabany N, Fleisher LA, Neuman MD.
Neuraxial anesthesia decreases postoperative systemic
infection risk compared with general anesthesia in knee
arthroplasty. Anesth Analg 2013 ; 117 : 1010-1016.
Maksimovic J, Markovic-Denic L, Bumbasirevic M,
Marinkovic J, Vlajinac H. Surgical site infections in
orthopedic patients : prospective cohort study. Croat Med J
2008 ; 49 : 58-65.

. Mangram AJ, Horan TC, Pearson ML, Silver LC,

Jarvis WR. Guideline for Prevention of Surgical Site
Infection, 1999. Centers for Disease Control and Prevention
(CDC) Hospital Infection Control Practices Advisory
Committee. Am J Infect Control 1999 ; 27 : 97-132 ; quiz
133-134 ; discussion 196.

Matsukawa T, Sessler DI, Christensen R, Ozaki M,
Schroeder M. Heat flow and distribution during epidural
anesthesia. Anesthesiology 1995 ; 83 : 961-967.

Mayzler O, Weksler N, Domchik S, Klein M, Mizrahi S,
Gurman GM. Does supplemental perioperative oxygen
administration reduce the incidence of wound infection in
elective colorectal surgery ? Minerva Anestesiol 2005 ;71 :
21-25.

McGovern PD, Albrecht M, Belani KG et al. Forced-air
warming and ultra-clean ventilation do not mix: an
investigation of theatre ventilation, patient warming and
joint replacement infection in orthopaedics. J Bone Joint
Surg Br2011 ;93 : 1537-1544.

McHugh SM, Hill AD, Humphreys H. Intraoperative
technique as a factor in the prevention of surgical site
infection. J Hosp Infect 2011 ; 78 : 1-4.

McLure HA, Talboys CA, Yentis SM, Azadian BS.
Surgical face masks and downward dispersal of bacteria.
Anaesthesia 1998 ; 53 : 624-626.

Melling AC, Ali B, Scott EM, Leaper DJ. Effects of
preoperative warming on the incidence of wound infection

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

585

after clean surgery : a randomised controlled trial. Lancet
2001 ; 358 : 876-880.

Meyhoff CS, Wetterslev J, Jorgensen LN et al. Effect of
high perioperative oxygen fraction on surgical site infection
and pulmonary complications after abdominal surgery : the
PROXI randomized clinical trial. JAMA 2009 ; 302 : 1543-
1550.

Mishriki SF. Surgical site infection. NICE forgot surgical
skill. BMJ 2008 ; 337 : a2579.

Mishriki SF, Law DJ, Jeffery PJ. Factors affecting the
incidence of postoperative wound infection. J Hosp Infect
1990 ; 16 : 223-230.

Misteli H, Weber WP, Reck S ef al. Surgical glove
perforation and the risk of surgical site infection. Arch Surg
2009 ; 144 : 553-558 ; discussion 558.

Moro ML, Carrieri MP, Tozzi AE, Lana S, Greco D.
Risk factors for surgical wound infections in clean surgery :
a multicenter study. Italian PRINOS Study Group. Ann Ital
Chir 1996 ; 67 : 13-19.

Moucha CS, Clyburn TA, Evans RP, Prokuski L.
Modifiable risk factors for surgical site infection. Instr
Course Lect 2011 ; 60 : 557-564.

Muller AE, Huisman I, Roos PJ ef al. Outbreak of severe
sepsis due to contaminated propofol: lessons to learn.
J Hosp Infect 2010 ; 76 : 225-230.

Munday GS, Deveaux P, Roberts H, Fry DE, Polk HC.
Impact of implementation of the Surgical Care Improvement
Project and future strategies for improving quality in
surgery. Am J Surg 2014 ; 208 : 835-840.

Namba RS, Inacio MC, Paxton EW. Risk factors
associated with deep surgical site infections after primary
total knee arthroplasty : an analysis of 56,216 knees. J Bone
Joint Surg Am 2013 ;95 : 775-782.

Ng SF, Oo CS, Loh KH, Lim PY, Chan YH, Ong BC. A
comparative study of three warming interventions to
determine the most effective in maintaining perioperative
normothermia. Anesth Analg 2003 ; 96 : 171-176.

No authors listed. NICE guideline [CG74] : Surgical site
infection : prevention and treatment of surgical site
infection. Manchester, UK : National Institute for Health
and Clinical Excellence, 2008.

Panahi P, Stroh M, Casper DS, Parvizi J, Austin MS.
Operating room traffic is a major concern during total joint
arthroplasty. Clin Orthop Relat Res 2012 ; 470 : 2690-
2694.

Parvizi J, Karam J. Do forced-air warming blankets
increase surgical site infections ? Available from :
https://solutions.3m.com/

Pruzansky JS, Bronson MJ, Grelsamer RP, Strauss E,
Moucha CS. Prevalence of modifiable surgical site
infection risk factors in hip and knee joint arthroplasty
patients at an urban academic hospital. J Arthroplasty
2014 ;29 : 272-276.

Pryor F, Messmer PR. The effect of traffic patterns in the
OR on surgical site infections. AORN J 1998 ; 68 : 649-
660.

Acta Orthopaedica Belgica, Vol. 81 - 4 - 2015

18/01/16 10:59



stuyts-.indd 586

586

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Pugely AJ, Martin CT, Gao Y, Mendoza-Lattes S,
Callaghan JJ. Differences in short-term complications
between spinal and general anesthesia for primary total
knee arthroplasty. J Bone Joint Surg Am 2013 ; 95 : 193-
199.

Qadan M, Akca O, Mahid SS, Hornung CA, Polk HC
Jr. Perioperative supplemental oxygen therapy and surgical
site infection : a meta-analysis of randomized controlled
trials. Arch Surg 2009 ; 144 : 359-366 ; discussion 366-
357.

Rajagopalan S, Mascha E, Na J, Sessler DI. The effects
of mild perioperative hypothermia on blood loss and
transfusion requirement. Anesthesiology 2008 ; 108 : 71-
77.

Rasouli MR, Restrepo C, Maltenfort MG, Purtill JJ,
Parvizi J. Risk factors for surgical site infection following
total joint arthroplasty. J Bone Joint Surg Am 2014 ; 96 :
el58.

Reichman DE, Greenberg JA. Reducing surgical site
infections : a review. Rev Obstet Gynecol 2009 ; 2 : 212-
221.

Schweizer M, Perencevich E, McDanel J et al.
Effectiveness of a bundled intervention of decolonization
and prophylaxis to decrease Gram positive surgical site
infections after cardiac or orthopedic surgery : systematic
review and meta-analysis. BMJ 2013 ; 346 : {2743.
Shuman EK, Chenoweth CE. Reuse of medical devices :
implications for infection control. Infect Dis Clin North Am
2012 ;26:165-172.

Sklar GE. Propofol and postoperative infections. Ann
Pharmacother 1997 ; 31 : 1521-1523.

Song KH, Kim ES, Kim YK et al. Differences in the risk
factors for surgical site infection between total hip
arthroplasty and total knee arthroplasty in the Korean
Nosocomial Infections Surveillance System (KONIS).
Infect Control Hosp Epidemiol 2012 ; 33 : 1086-1093.
Soriano A, Bori G, Garcia-Ramiro S ef al. Timing of
antibiotic prophylaxis for primary total knee arthroplasty

Acta Orthopaedica Belgica, Vol. 81 - 4 - 2015

76.

717.

78.

79.

80.

81.

82.

83.

84.

85.

B. STUYTS, E. VAN DEN EEDEN, P. FENNEMA

performed during ischemia. Clin Infect Dis 2008 ; 46 :
1009-1014.

Stefansdottir A, Robertsson O, A WD, Kiernan S,
Gustafson P, Lidgren L. Inadequate timing of prophylactic
antibiotics in orthopedic surgery. We can do better. Acta
Orthop 2009 ; 80 : 633-638.

Tanner J, Parkinson H. Double gloving to reduce surgical
cross-infection. Cochrane Database Syst Rev 2006 ;
CD003087.

Thienpont E, Yombi JC, Cornu O, Simon A, Stuyck J.
International consensus on periprosthetic joint infection.
Acta Orthop Belg 2014 ; 80 : 289-292.
Triantafyllopoulos G, Stundner O, Memtsoudis S,
Poultsides LA. Patient, Surgery, and Hospital Related Risk
Factors for Surgical Site Infections following Total Hip
Arthroplasty. ScientificWorldJournal 2015 ;2015 : 979560.
Uckay I, Harbarth S, Peter R, Lew D, Hoffmeyer P,
Pittet D. Preventing surgical site infections. Expert Rev
Anti Infect Ther 2010 ; 8 : 657-670.

Vallejo R, de Leon-Casasola O, Benyamin R. Opioid
therapy and immunosuppression : a review. Am J Ther
2004 ; 11 : 354-365.

van der Slegt J, van der Laan L, Veen EJ, Hendriks Y,
Romme J, Kluytmans J. Implementation of a bundle of
care to reduce surgical site infections in patients undergoing
vascular surgery. PLoS One 2013 ; 8 : €71566.

Wood AM, Moss C, Keenan A, Reed MR, Leaper DJ.
Infection control hazards associated with the use of forced-
air warming in operating theatres. J Hosp Infect 2014 ; 88 :
132-140.

Yokoe DS, Avery TR, Platt R, Huang SS. Reporting
surgical site infections following total hip and knee arthro-
plasty : impact of limiting surveillance to the operative
hospital. Clin Infect Dis 2013 ; 57 : 1282-1288.

Zhu Y, Zhang F, Chen W, Liu S, Zhang Q, Zhang Y.
Risk factors for periprosthetic joint infection after total
joint arthroplasty : a systematic review and meta-analysis.
J Hosp Infect 2015 ; 89 : 82-89.

18/01/16 10:59





