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G47: Does the frequency of operating room door opening influence the rate of surgical

site infection (SSI)/ Periprosthetic joint infection (PJI) in major orthopedic surgery?

Moritz Wagner, Sina Babazadeh, Carl Haasper, George Grammatopoulos

Response/Recommendation: Yes, the number of door openings in the operating room (OR)

is associated with increased airborne particle levels, and subsequent risk of surgical site
infection (SSI) and/or periprosthetic joint infections (PJIs). The OR door should be opened as

infrequently as possible.

Level of Evidence: Moderate

Delegate Vote:

Rationale:

Increased number of particles in the operating room (OR) air is thought to be directly linked

to the rate of subsequent surgical site infection (SSI)(1). Thus, minimizing air-borne
contamination in the OR is considered an important factor to reduce infections after major
orthopaedic procedures (2—5). There is no agreement on the optimal method for monitoring
air quality within the OR (6-10), and there is no consensus on the maximum concentration of
air-borne particles that is “acceptable” in the OR (i.e. not associated with increased SSI risk)
(11). Particle counting is technically less demanding and more easily implemented into
practice, compared to microbiological sampling which requires microbiological cultures, and
is thus the preferred method of quantifying air quality. Particle counting provides indirect
insights into air quality (12) as it does not consider, whether particles are viable microbes,
termed colony forming units (CFU) potentially causing infection, or just dead matter.
However, studies have highlight the correlation between particulate matter and airborne
viable bacterial counts(6). Therefore, the quality of air in the OR significantly affects
microbial contamination levels (13,14). Microbial load in the OR is influenced by factors
such as air filtration systems, laminar airflow (15), and frequency of door-opening (16).
However, the most important source of contamination is human (11), the ultraclean air
standard can only be found in an empty OR (17).

Laminar airflow systems, while designed to reduce particulate contamination, are susceptible
to disturbance from door openings and human traffic, which can undermine their efficacy
(18,19). Door openings are thought to elevate contamination through two principal
mechanisms. Firstly, the number of door openings correlates with the number of staff present
in the OR(20). Secondly, door openings disrupt the laminar airflow in the OR, increasing
turbulence and facilitating spread of airborne particles and bacteria into the surgical field
(15,16,19,21,22). Andersson et al. (19) highlighted a positive correlation between traffic flow,
number of persons present and duration of surgery causing a 68% increase in CFU/m?.
Experimental and observational research, along with simulation studies, have investigated the
impact of OR traffic (23,24). Mears et al. (24) demonstrated that 77/191 TJAs experienced a
loss of positive OR pressure due to door openings, allowing airflow to reverse from hallway
into the OR. This disruption, though considered temporary, led to a total time of 9 minutes of
doors being open per case, raising concerns about time required to restore pressurization.
Conversely, Weiser et al. (16) found that single door opening did not compromise positive
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pressure but noted that simultaneous openings of two doors allowed outside air to enter. They
suggested that OR contamination was more directly attributable to personnel activity rather
than door openings alone. The presence of personnel and OR traffic measured by the
frequency of door openings (DOs) have been consistently identified as significant
contributors to the increased concentration of airborne particles in the OR (6,23,25,26).
Observational studies have shown a clear association between the number of individuals
present and the frequency of DOs, with a corresponding rise in aerosolized particles, 41% of
those being CFUs (6).

Several investigations have examined the rate and causes of door openings during elective
total joint arthroplasty (TJA) procedures (7,15,16,28). Reported door opening rates ranged
from 0.19 to 0.65 per minute for primary TJAs and up to 0.84 per minute for revision TJAs,
however there is wide variability in literature. Total number of door openings per case
averaged between 13.4 (29) to 66 (4) for primary arthroplasties and 135 door opening for
revision arthroplasties (4). The pre- and post-incision time periods (of a surgical case) saw the
highest door opening frequencies (7,12). Operating room traffic flow during surgeries was
categorized in a study, totalling 529 door openings during 30 operations (mean 18 door
openings per case) (19), with 33.5% (177) categorized as necessary, 34.8% (184) as semi-
necessary, and 31.7% (168) as unnecessary. Necessary door openings were most often due to
retrieving instruments or materials (25.9% of total openings, n=137) and expert consultations
(7.6%, n=40). Semi-necessary openings primarily involved surgical team transitions (14.4%,
n=76) and breaks for lunch or coffee (20.4%, n=108). Unnecessary openings were often
attributed to social visits (8.5%, n=45) or no detectable reasons (17.6%, n=93) (19). Another
study found of 9657 cases reported that necessary door openings made up 8.4%, breaks were
minimal at 1.5%, supplies contributed to 23.3%, social visits/information to 12.5%, and no
reason was documented for a striking 47% (4). Overall, unjustified traffic was noted to be
substantially high (12.5 % — 25%) across multiple studies (7,19).

Even though it seems highly plausible, that high numbers of CFU/m? increase the risk of SSI,
this has never been scientifically proven to-date. Nevertheless, most studies assessing OR
traffic, OR particle load and OR particle counting assume that SSI risk is linked to CFU
concentration. Pulido et al. (21) emphasized the likely causal relationship between overall SSI
rates and OR traffic, which could frequently be avoided, emphasizing the importance of
timing and procedural practices during surgery to avoid traffic. Similarly, microbial and
particulate contamination risk increases with procedural interruptions, highlighting the need
for adherence to strict environmental controls (12).

Monitoring OR traffic and enforcing access restrictions during critical phases of surgery have
been suggested as measures to mitigate these risks (30). Babkin et al. (5) identified surgical
site infection rates following knee replacement, linking these to perioperative practices.
Standardized infection control measures, including effective cleaning protocols and
minimized OR interruptions, were highlighted as critical.

Conclusion:

While the direct correlation between door opening during surgery and increased infection
rates is not definitive, it is clear that any disruption to the sterile environment can increase the
potential for contamination. A large body of literature exists demonstrating the direct
relationship between increased air-borne particles, OR traffic, door openings, and the total
number of personal present in the OR. The OR door should be opened as infrequently as
possible, and when it must be opened, precautions should be taken to minimize the risk of
introducing pathogens into the sterile field. There exist no sufficiently large-scaled studies to
scientifically demonstrate a critical threshold in the number of air-borne particles, and there
are no clinical studies proving a direct relationship of air-borne CFU and infection risk.
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Practical measures, such as limiting door openings through continuous education of OR
personnel, warning signs outside doors (32), monitoring traffic (8), and optimizing ventilation
systems, are essential for minimizing air-borne contamination (7). Studies investigating OR
traffic and door openings recommended to limit door openings. Strategies to limit OR traffic
include avoidance of unjustified traffic through organizational and procedural optimization,
staff information (33) and information/warning signs (34,35). Future studies should
investigate the direct relation between MCP/m? and PJI rates to establish potential thresholds.
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APPENDIX

Appendix 1: Search string for advanced search (Pubmed)

(((arthrodesis|mh] OR arthroplasty[mh] OR orthopedic procedures[mh:noexp] OR spinal

fusion[mh] OR arthrodes*[tw] OR arthroplast*[tw] OR "orthopaedic operative"[tw] OR
"orthopedic operative"[tw] OR "orthopaedic procedure*"[tw] OR "orthopedic
procedure*"[tw] OR "orthopaedic surger*"[tw] OR "orthopedic surger*"[tw] OR
"orthopaedic surgical"[tw] OR "orthopedic surgical"[tw] OR "hip replacement*"[tw] OR
"joint replacement™*"[tw] OR "knee replacement™*"[tw] OR "shoulder replacement™"[tw]
OR ((hip[tw] OR joint[tw] OR knee[tw] OR orthopaedic[tw] OR orthopedic[tw] OR
shoulder[tw]) AND (implant*[tw] OR prostheses[tw] OR prosthesis[tw] OR
prosthetic*[tw])) OR ((cervical[tw] OR lumbar[tw] OR spinal[tw] OR spine[tw]) AND
(fusion*[tw] OR implant*[tw] OR instrumentation*[tw]))) AND (infections[mh:noexp]
OR prosthesis-related infections[mh] OR surgical wound infection[mh] OR infection*[ti]
OR PJI[ti] OR PJIS[ti] OR SSI[ti] OR SSIS[ti] OR "joint infection*"[tw] OR
"periprosthesis infection*"[tw] OR "periprosthetic infection*"[tw] OR "prosthesis
infection*"[tw] OR "prosthetic infection*"[tw] OR "surgical site infection*"[tw] OR
"surgical wound infection*"[tw])) AND ((((1990:3000/12/12[pdat]) AND (english[LA]))
OR (randomized controlled trial [pt] OR controlled clinical trial [pt] OR randomized
[tiab] OR placebo [tiab] OR drug therapy [sh] OR randomly [tiab] OR trial [tiab] OR
groups [tiab])) NOT (animals [mh] NOT humans [mh]))) AND ((operating rooms[mh]
OR "operating room*"[tw]) AND ("door motion*"[tiab] OR "door movement"[tiab:~2]
OR "doors movement"[tiab:~2] OR "door movements"[tiab:~2] OR "doors
movements"[tiab:~2] OR "door open"[tiab:~2] OR "doors open"[tiab:~2] OR "door
opening"[tiab:~2] OR "doors opening"[tiab:~2] OR "door openings"[tiab:~2] OR "doors
openings"[tiab:~2] OR (traffic[tiab] NOT (road*[tiab] OR "traffic accident*"[tiab]))))
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Appendix 2: Search string for advanced search (Embase)

(((arthrodesis/exp OR arthroplasty/exp OR orthopedic-procedure/exp OR spinal-fusion/exp

OR arthrodes*:ti,ab OR arthroplast®:ti,ab OR "orthopaedic operative":ti,ab OR
"orthopedic operative":ti,ab OR "orthopaedic procedure*":ti,ab OR "orthopedic
procedure*":ti,ab OR "orthopaedic surger*":ti,ab OR "orthopedic surger*":ti,ab OR
"orthopaedic surgical":ti,ab OR "orthopedic surgical":ti,ab OR "hip replacement*":ti,ab
OR "joint replacement*":ti,ab OR "knee replacement®":ti,ab OR "shoulder
replacement™":ti,ab OR ((hip:ti,ab OR joint:ti,ab OR knee:ti,ab OR orthopaedic:ti,ab OR
orthopedic:ti,ab OR shoulder:ti,ab) AND (implant*:ti,ab OR prostheses:ti,ab OR
prosthesis:ti,ab OR prosthetic*:ti,ab)) OR ((cervical:ti,ab OR lumbar:ti,ab OR spinal:ti,ab
OR spine:ti,ab) AND (fusion*:ti,ab OR implant*:ti,ab OR instrumentation*:ti,ab))))
AND (infection/exp OR prosthesis-infection/exp OR surgical-wound-infection/exp OR
infection*:ti OR PJI:ti OR PJIS:ti OR SSI:ti OR SSIS:ti OR "joint infection*":ti,ab OR
"periprosthesis infection*":ti,ab OR "periprosthetic infection*":ti,ab OR "prosthesis
infection*":ti,ab OR "prosthetic infection*":ti,ab OR "surgical site infection*":ti,ab OR
"surgical wound infection*":ti,ab)) AND (((1990-3000)/py AND [english]/lim) OR
(randomized-controlled-trial/exp OR controlled-clinical-trial/exp OR randomized:ti,ab
OR placebo:ti,ab OR drug-therapy/exp OR randomly:ti,ab OR trial:ti,ab OR
groups:ti,ab)) NOT (animal/exp NOT human/exp)) AND ((operating-room/exp OR
"operating room*":ti,ab) AND ("door motion*":ti,ab OR "door movement":ti,ab OR
"doors movement":ti,ab OR "door movements":ti,ab OR "doors movements":ti,ab OR
"door open":ti,ab OR "doors open":ti,ab OR "door opening":ti,ab OR "doors
opening":ti,ab OR "door openings":ti,ab OR "doors openings":ti,ab OR (traffic:ti,ab NOT
(road*:ti,ab OR "traffic accident™*":ti,ab))))
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Appendix 3: PRISMA Study Inclusion Flowchart
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Studies from databases/registers (n = 78)
PubMed (n = 50)
Embase (n = 28)

References from other sources (n = 0)
Citation searching (n = 0)
Grey literature (n =m0)

A4

References removed (n = 0)
Duplicates identified manually (n = 0)
Duplicates identified by Covidence (n = 0)
Marked as ineligible by automation tools (n =
0)
Other reasons (n = 0)

Studies screened (n = 78)

Studies excluded (n = 20)

A4

Studies sought for retrieval (n = 58)

N

Studies not retrieved (n = 14)

\ 4

Studies assessed for eligibility (n = 44)

Vv

Studies included in review (n = 35)

\ 4

Studies excluded (n = 9)
Wrong setting (n = 2)
Wrong outcomes (n = 1)
Wrong intervention (n = 2)
Wrong study design (n = 4)
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