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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:

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

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

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.»? 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.® The
LAF systems are, however, rarely able to create true LAF® 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.* 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.>® Newer, registry-based studies have suggested that
LAF actually increases the risk of postoperative infection.””? 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.'° The conclusion is controversial
and may be premature.'>*? 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.t®

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.

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

THAs reported to the NAR
n=164,257
) Low THA activity
62 hospitals
or
Multiple ORs with
> different ventilation
\ 4 n=19,884
THAs assessed 12 hospitals
n=144,373
50 hospitals
Missing ventilation data
> n=36,306
\ 4 10 hospitals
THAs included
n=108,067
40 hospitals

FIGURE 1 Flow chart showing hospital and total hip arthroplasty
(THA\) selection



LANGVATN ET AL

WILEY- Journal of Evaluationin Clinical Prac‘[icem_‘;3
International Journal of Public Health Policy and Health Services Research

Sensitivity » TP/ (TP + FN)
Specificity ’—V TN/ (TN + FP) |
Positive Predictive Value (PPV) }—>| TP /(TP +FP) ’
Accuracy » (TP +TN) /(TP + TN + FP + FN)
Misreporting rate 1 - Accuracy

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

Actual LAF Actual CV
Reported LAF TP=53,253 FP=4909 PPV =91.6%
Reported as CV or GH FN=8402 TN=41,503 NPV = 83.2%
Sensitivity = 86.4% Specificity = 89.4% Accuracy = 87.7%
Actual CV Actual LAF
Reported CV TP=41,299 FP=8184 PPV = 83.5%
Reported as LAF or GH FN=5113 TN=53,471 NPV =91.3%
Sensitivity = 89.0% Spesificity = 86.7% Accuracy = 87.7%

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

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.
These THASs constituted 66% of the THAs 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 the THAs were performed in true GH conditions.

Figure 3 gives a summarized comparison between the reported OR-
ventilation and the factual OR ventilation. LAF was reported with 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

t.2° Two studies based on data from The German KISS

in The Lance
(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.”? 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.® 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,*2 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% Cl, 1.1-1.5) for LAF com-
pared with CV. The above mentioned studies contribute to the basis
for the new WHO-guidelines,®* 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>'” 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.*®” Hence, we believe that the selec-

tion bias was minimal.

LANGVATN ET AL

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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APPENDIX A

Nasjonalt Register for Leddproteser F.nr. {11 sifre)
Ortopedisk klinikk, Helse Bergen HF Nawn:
Haukeland universitetssjukehus. Postboks 1400 @~ | ™ e
e Mollendalshakken 11, 5021 BERGEN (Skriv tydelig ev. pasientkistrelapp — spesifiser sytdms }

TIf 55373742/55973743
Lo | I LR R O L S L SERO

HOFTEPROTESER

Alle totale hofteproteseoperasjoner og hemiproteser pa annen indikasjon enn fraktur/fraktursekvele registreres her
(hemiprotese for fraktur/fraktursekvele registreres pa Hoftebruddskjema). Alle reoperasjoner skal registreres:

skwamﬂﬁ av protesedeler, kantplastikk, bletdelsdebridement, ﬁ operﬂ’ ner for protesenaer frakiur eller glutaal svikt

BENTRANSPLANTASJON (ev. flere kryss)

TIDLIGERE OPERASJON | AKTUELLE HOFTE [av. flere kryss) Acetsbulum (P Nei [1Ja (R
[I* Nei Fi Ne [I'Ja m.Li

o : s b emur [Na [0 D’Bamdlh'igamng\Gn

[ Hemipratese pga. frakiur + BENTAP VED REVISJON [Paprosky's assifiasion s baksiden)

L Oulelen Acetsbulbim [1'l [EIA [BEB [*IC [EWA [EIB
LI Arrodese Femur O CBN  CPNA CHEB =N

[J* Totaiprotese(r)

1% ANIEN ODEFBBIAN ..o PROTESEKOMPONENTER (Bruk kiistrefanp pd baksiden, aller skriv REF NRL)
AKTUELLE OPERASJON (atf kryss)

o Pflnmmpuasjnnlogs&hihﬂimﬁdigmn)

e (iotaiprotese Sdligers)

[1* Primeer hemiprotese for annen indikasjon enn frakturfrakiursekvele

OPERASJONSDATO (dd mm.23) e

AKTUELLE SIDE (ett kryss) (Bilateral opr.= 2 skjema)
1" Hayre [P Verstre

ARSAK TIL AKTUELLE OPERASJON (KRYSS AV ENTEN | A ELLER B)
A. Primzroper. pga fev. flere kryss]  B. Reoper. pga (ev. flere kryss)

o Idnopaﬂcnm 1" Las acetabularkomponent
F Rneumatod [P Las femurkompanent
[1* Sekvele atter frakt. colli. fiem [ Luksasjon
[ Sekv. dysplasi [H Dyp infeksjon
)¢ Sekv. dysplasi med fotaf lksasion [ Fraktur | acetsbulum Caput (+ ev. halsdel]
¥ Sekv. Parthes C¥ Fraktur av femur 7" Festsilende caput
1" Selv. epifysiolyse Vancouverklassifikasion, se bakside. [ Separat caput - NNWWE
(* Mb. Bechisrew CA OBt (B2 (B3 CIC o REF MR
1% Akutt frakiura coll famons " Smerter Oiiacian
CIoAnmet... oo 1 Osleolyse | Boetab. uten lpsning
(T.ehs caputnekrose, id. aodese od) [ Osteclyse | famur wen lasning ANTIBIOTIKAPROFYLAKSE [°Nei [1'Ja
1% implantatfrakiur emurdal Nawvn ]
O implantatfraktur caput
1™ implantatfrakhur finer
[ implantatiraktur annet . I RN - 4
:]*Annat o
TROMBOSEPROFYLAKSE
I g::'] testone e bl nfsert [ Nei [1' Ja: Farste dose C' Preoperativt DPomnamm

REOPERASJONSTYPE (ev. flare kyss)
[1' Bytte av femurkomponent

[1]* Bytie av ecetabularkomponent

[1* Bytie av hele protasan

[ Fjemet protese og satt nn sementspacer

[1* Fjemet sementspacer og saff inn ny prolese
FIBRINOLYSEHEMMER

[1® Fjemet protese Gumuwm ,

ooy s s ghasiv feesoisy e SR £ Nei L1 Ja, MEGKBMENE ... DOSEOG.
[]" Byt av plastioning
C O |

Blatdelsdabridament :

[T} Operasjonsstue med |amingr luftstram

[1" Ny protese efier Girdesione
1" Resutur av muskel [J* Vanly operagjonssig
(1% Transposision av muskal
E19 Crnymiuee fo bar OPERASJONSTID (hud 8 hud) ..............min
”"Kﬂ“ﬂmﬂ“m PEROPERATIV KOMPLIKASJON
TILGANG (ett kryss) ¥ el .
[]' Framre (Mellom sarionius og tensor) ASA KLASSE (s haksiden for definisjon) -
[? Anterolateral (Mellom glut medius og tensce) []* Frisk (4 Livstruende sykdom ;
I71* Direkte lateral (Transghueat) [}* Asymptomatisk fistand som gir ki nsika  [1* Monbund :
D‘mmugummmj [} Symptomatisk sykdom a
MININVASIV KIRURGI (MIS) [*Nei | 'Ja Lege S AT TP NPT L L 1 L MR R =
LEIE [J® Sideleie [ Ryag LegmmharMur i ‘(mm«mmmfmmm g

TROCHANTEROSTEOTOMI )¢ Nei [*Ja
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Nasjonalt Register for Leddproteser
The Norwegian Arthroplasty Register

Leddproteser

Sparreskjema — Ventilasjon av operasjonsstuer

Stuenummer: ST
Periode | bruk: fra til
1) Ventilasjonstype/luftstrgmstype: Laminzer (LaF) [ ANneti e,
Konvensjonell  []
Greenhouse O
2) Stuens areal: iy
3) Stuens takhgyde: m
4) Luftens utgangshastighet: [N . ..
5) Anleggets nominelle innluftsmengde: JESTSVSOON ) Friskiuftsandel.......c
6) Hvilken type filter/filterklasse er installert?s et e
7) Hvor ofte foretas: Filterbytte pr.ar
Rengjaring. pr. r
&) Hvordan og hvor ofte foretas CFU-maling?: FI— pr. ar
Ingen rutiner O
9) Har CFU-verdien vaert mélt til € 10CFU/m™: Iz O Vetikke []
Mei O
10) Ventilene for ut-luft er plassert: Gulv O Tak O
Vegg O
11) Benytter systemet underkjaling?: Ja O Vetikke [
Nei O
For LAF-tak:
12) Takets starrelse OO, B ST m
13) Takets luftstrgm er definert som: Debvegg O Spesifisering:
Helvegg O
14) Takets luftstrgm er: Vertikal O Skra (|
Horisontal O
15) Er det montert sidevegger/skjgrt?: la O Lengde:
Mei O
16) Er det installert spesial-operasjonslamper for LAF?: la 0O
Nei O
17) Er det sonemarkering i gulvet ?: la O
Nei (|

BEd '
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1)

2

3)

4)

5

&)

7

8)

9)

10

11)

12}

13}

14)

15])

18]

17)

Sperreskjema - Ventilasjon av operasjonsstuer - forklaringer

Stuenummer og Periode | bruk: Den aktuelle operasponsstuens ramnummeer ag
penaden den ble bruit | intervadiet 39872015, {dd.mm 3344, mm.3333 3333 eler
dd (dagens data)).

Ventilasjonstype: Lamnaer luftstram (LAF), Xorwensjonell [turbulent)
owertrykicsventitasion, «Greenhouse »-vensilasjon eller 2nnet spesifisert tak
(Alander, Weasss, Trox etc).

Stuens areal: Stuers areal | kvadratmeter (m').
Stuens takhgyde: Stuens takhgyde | meter {m)

Luftens utgangshastighet: Snctverdi av luftens utgangshastighet | meter per
sekund {my's). Far scredelte tak er det ogsd pnskelig 3t det oppgs én snattverdi.
Stprrelsesorden 0,15 - 0,5 my/s.

Anleggets innluftsmengde: Luftvalumet som systemet tdbyr per time [m/h)
(Starrelsesorden 1000- 16000 m' /) samt friskliuftsande| {prmadufe).

Filtertype/-klasse: Fitertype for innkapsiuften. Det er anskehg med informasjon om
alle steg. For eksemped HEPA, 3 szage, Last H13,

Filterbytte og rengjaring: +redvers for filteroytte (alke steg) o rengganng av
vertlagjonssystemet; 1x, 2x pr. dretc.

CFU-mdlinger: Gpares mdbngene under pdgdende krurg! («intraoperathvts) og |

naerheten 2w operagonsfeltet, elier pd etom stues? Frekvens far CFU-mdhinger;
1x, 2xpr dretc.

CFU-verdien: Har (FU konsentrasjonen noen gang vaert malt td § vaere < 100FU/m”
=ik krawvet fra statens helsetisyn am ultrarene cperasjonsstuer tilsier? Deste wil
spesifiseres | korrespondanse med smetevernavdeldngen.

Ventller for ut-duft: Er sluzene for luften som farlater rommet plassert langs
guivet, pd veggen {eventueit sam Gngstraite suser fra guivet og opp pd veggen),
tak eller en kembinagian (sett da flere iryss eler spesifiser)?

Underkjpling: Banyttes det underkjpling av inndapsiufe?

Takets stperetse: M31 pd sehve ventidzsiansfiaten {lengde x bredde)

Takets luftstrgm: £r det snakk om et helveggssystem med naksd jevn
snitthastighet for luftseyvien | hele taket, eller er det snakk om ot delveggssystem
med uhke hastyghetssoner. Ved dehegg er det anskelig at prinspoet spesifiseres:
cizponensield LA el

Takets luftstrpm: £r det vertikal luftstrem, horisontal lufistrgm eller sked uftsergm?

Sidevegger/skjert: £r det montert sidevegger/sigert ned langs innlgpet? Huis ja:
oppa helst lengde pd disse/dette.

Spesiallamper: Er det montert spesial-aperasnsiamper til bruk mmmen med
laminaer luftstrgm for 3 hindre danrnedse av turbulers?

Sonemarkering: Er det markennger | guives pd stuen som indikerer luftsanende)?




