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Abstract

Rationale, aims, and objectives: The true effect of laminar airflow (LAF) systems on

postoperative infection is disputed, partly due to uncertainty regarding the validity of

ventilation data in register studies. The aim of this study was to validate the informa-

tion on operating room (OR) ventilation reported by the orthopaedic surgeons to the

Norwegian Arthroplasty Register (NAR) after primary total hip arthroplasty (THA).

Method: Forty of the 62 public orthopaedic units performing primary THA in Nor-

way during the period 1987‐2015 were included. The hospitals' current and previous

ventilation systems were evaluated in cooperation with the hospitals head engineer.

We identified the type of ventilation system reported to the NAR and compared

the information with the factual ventilation in the specific ORs at the time of primary

THA.

Results: A total of 108 067 primary THAs were eligible for assessment. None of the

hospitals performed THA in true “greenhouse” (GH) ventilation. Fifty‐seven percent

of the primary THAs were performed in ORs with LAF and 43% in ORs with conven-

tional, turbulent ventilation (CV). Comparing the reported data with the validated

data, LAF was reported with a sensitivity of 86%, specificity of 89%, and positive pre-

dictive value (PPV) of 92%, with an accuracy of 88%. CV was reported with a sensi-

tivity of 89%, specificity of 87%, and PPV of 84%, with an accuracy of 88%. The total,

mean misreporting rate was 12%.

Conclusions: Surgeons were not fully aware of what kind of ventilation system

they operated in. This study indicates that conclusions based on ventilation data

reported on THA in the NAR should not be interpreted without considering the inac-

curacy of the data.
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1 | INTRODUCTION

Laminar airflow (LAF) systems have been used in operating rooms

(ORs) for ultraclean surgery since the late 1950s. The intention is to

reduce the incidence of postoperative infection by reducing the col-

ony forming unit (CFU) density in the air of the OR.1,2 The systems

work by sending linear and parallel streams of clean air with constant

velocity, directly on to the surgical field in order to, in theory, displace

and reduce the flow of less clean air to the surgical field. In contrast,

the conventional ventilation (CV) systems mostly use the dilution prin-

ciple and work by creating an overpressure using turbulent air.3 The

LAF systems are, however, rarely able to create true LAF3 and are

therefore more recently designated as unidirectional airflow (UDAF

or UDF) systems; but for simplicity, we will use the designation LAF

in the present paper.

The existing recommendations of LAF as a prophylactic measure of

postoperative infection, rest mainly on a randomized trial from a time

when standards on antibiotic prophylaxis were not fully established,

and was therefore not thoroughly adjusted for. The findings therefore

may not apply for the current situation.4 Subsequent observational

studies from the same decade that adjusted for antibiotic prophylaxis

demonstrated no influence of OR ventilation on the rate of postoper-

ative infection.5,6 Newer, registry‐based studies have suggested that

LAF actually increases the risk of postoperative infection.7-9 A recent

systematic review and meta‐analysis in the Lancet, based partly on

the above mentioned registry studies, concluded that LAF systems

should not be installed in new ORs.10 The conclusion is controversial

and may be premature.11,12 The Lancet review also includes a study

from the Norwegian Arthroplasty Register (NAR), not studying the

effect of LAF specifically, and which may be confounded by

misreporting.13

Before concluding rigorously in systematic reviews and meta‐anal-

yses, it is of fundamental importance that ventilation data are valid

and of good quality. The aim of the present study was to validate

the data on OR ventilation reported on primary total hip arthroplasty

(THA) cases to the NAR.
FIGURE 1 Flow chart showing hospital and total hip arthroplasty
(THA) selection
2 | MATERIAL AND METHODS

The NAR has registered individual data on primary THAs and THA

revisions since 1987. The surgeon fills in a form immediately after sur-

gery. The form contains information on patient identity, date of oper-

ation, the type of OR ventilation in addition to several other patient,

and surgery‐related factors. For each hospital, we used the NAR to

identify the type of OR ventilation reported for the primary THA, ie,
CV, LAF, or greenhouse (GH) ventilation (register form, Appendix A).

The period of inclusion was 1 September 1987 to 31 December 2015.

In order to validate the information on OR ventilation reported by

the surgeon, the hospitals' current and previous ventilation systems

were evaluated in direct contact and cooperation with the hospitals

NAR contact‐surgeon and the hospitals head engineer. Six hospitals

in a pilot study were visited in order to gain knowledge on the differ-

ent systems and method of data collection. The factual ventilation sys-

tems in the ORs were assessed using a detailed questionnaire

regarding the configuration and specifications of the ventilation sys-

tems (Appendix B). The questionnaire was used as guidance in the cor-

respondence with the engineers. Objective, technical specifications

from manuals were retrieved in cases of doubt. To be classified as a

LAF system, the ventilation set‐up had to be confirmed to have been

installed with a unidirectional diffuser array. These criteria are not suf-

ficient to verify true LAF conditions, but in this paper, the main issue

was whether the system was installed with a unidirectional diffuser

array or not, in order to do a direct comparison with the reported data.

To assess the correspondence between the reported and validated

ventilation data, we did a case‐to‐case comparison of the OR in which

each reported, primary THA was performed. The accuracy of

reporting, based on sensitivity and specificity for each ventilation

group, was then calculated.

If the ventilation system had been out of function, exchanged, or

updated, primary THAs reported from that year were excluded.

Sixty‐two public hospitals reported to the register in the period.

Twelve hospitals were excluded due to low numbers of primary THAs

or concurrent use of ORs with different ventilation systems. Fifty hos-

pitals were selected for inclusion. Five hospitals were excluded due to

missing contact with key personnel and five due to incomplete venti-

lation data (Figure 1). Forty hospitals had precise information on the



FIGURE 2 Formulas for calculating measures. FP, false positive; FN, false negative; TN, true negative; TP, true positive

FIGURE 3 Comparison between surgeon‐reported ventilation data and validated ventilation data. CV, conventional ventilation; FN, false
negative; FP, false positive; GH, greenhouse ventilation; LAF, laminar airflow; NPV, negative predictive value; PPV, positive predictive value;
TN, true negative; TP, true positive
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OR ventilation, and these 40 hospitals reported 108 067 primary

THAs available for validation.
2.1 | Statistics

The sensitivity, specificity, positive predictive value (PPV), negative

predictive value (NPV), accuracy of reported data, and misreporting

rate were calculated as presented in Figure 2. Statistical analyses were

performed using SPSS version 24 (SPSS Inc, 2004).
2.2 | Ethics

The registration of data and the study was performed confidentially on

patient consent and according to Norwegian and EU data protection

rules.
3 | RESULTS

A total of 108 067 primary THAs were included in the further analysis.

TheseTHAs constituted 66% of theTHAs reported to the NAR during

the study period; 57 % of the surgeries were performed in a room with

verified LAF, and 43% were performed in rooms with roof‐mounted,

verified CV. None of theTHAs were performed in true GH conditions.

Figure 3 gives a summarized comparison between the reported OR‐

ventilation and the factual OR ventilation. LAFwas reportedwith a sen-

sitivity of 86%, specificity of 89%, and Positive Predictive Value (PPV)

92%. This gave an accuracy of 88%. CV was reported with a sensitivity

of 89%, specificity of 87% and PPV of 84%, with an accuracy of 88%.

This gave a total misreporting rate of 12% for both LAF and CV.
4 | DISCUSSION

We found 12% misreporting of the OR ventilation used during primary

THA reported to the NAR.
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Other registries have studied the preventive effect of LAF systems.

All of these studies are included in the latest meta‐analysis published

in The Lancet.10 Two studies based on data from The German KISS

(Krankenhaus [hospital] Infections Surveillance System) registry

showed an increased risk of severe surgical site infection (SSI) after

THA operated in LAF conditions compared with CV.7,9 They gathered

information on the different ventilation systems by using a question-

naire, where data were provided by the surgical departments. To

which degree these data were validated or from whom the data were

reported remains unclear. The New Zealand Joint Registry reported an

increased risk of revision due to deep infection after THA performed

in an LAF theatre.8 They validated the reported information by asking

the hospitals to confirm what kind of ventilation system they used. It

was not stated what kind of personnel answered these questions. Also

included in the latest meta‐analysis was a study from the NAR,13 using

invalidated, surgeon reported data on ventilation. In that NAR study,

OR ventilation was used only as an adjustment variable in the study

of time trends for revision due to infection. The relative risk of revision

due to infection was found to be 1.3 (95% CI, 1.1‐1.5) for LAF com-

pared with CV. The above mentioned studies contribute to the basis

for the new WHO‐guidelines,14 which recommend not to use LAF

for arthroplasty. Taking the results of our study into consideration, this

recommendation may be considered controversial, as the evidence is

of uncertain validity and quality.
4.1 | Strengths

The validated ventilation data, presented in the present study, is

based on a large, national registry, with 100% coverage and 97%

completeness in the reporting of primary THA.15-17 It offers an

opportunity to validate a majority of a national cohort from a long

period of time.

The validated data were based on the information retrieved from

the engineers responsible for the hospitals ventilation systems, and

this information was verified by the NAR contact surgeon. In addition,

in order to overcome possible reporting bias, we retrieved objective,

technical data from manuals and specifications on the hospitals venti-

lation in cases of doubt. Only indubitable information was included,

and hospitals with uncertain information were excluded.
4.2 | Potential weaknesses

Only 40 hospitals, representing 66% of the primary THAs reported to

the NAR, were eligible for validation of OR ventilation. Like the 40

included hospitals, the 22 excluded hospitals had THA activity

throughout the majority of the time period and a similar distribution

between local hospitals, regional hospitals, and elective centres. The

excluded hospitals also had similar completeness of reporting of pri-

mary THA and OR ventilation.16,17 Hence, we believe that the selec-

tion bias was minimal.
5 | CONCLUSION

Surgeons were not fully aware of what kind of ventilation system they

operated in when performing primary THA. This resulted in a 12%

misreporting rate for both CV and LAF systems. This indicates that

conclusions based on ventilation data in the NAR should not be

interpreted without considering the inaccuracy of the data as the sub-

sequent evaluations of the prophylactic effect of ventilation systems

against postoperative infection may turn out inaccurate.
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