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1. Abstract

Background 
Postoperative infections, particularly in implant surgery, are a major clinical problem. Possible mechanisms 
behind infections are multifaceted, one of them being contamination from bacteria present in operating room air. 
The role of this factor is controversial and probably varies with type of surgery. To minimize this risk, new 
ventilation systems have been designed, one commonly used is laminar airflow (LAF). The introduction of this 
technique has been based on studies of the surrogate marker concentration of colony forming units (CFUs) 
adjacent to the operating field. However, several recent systematic reviews of registry based studies have been 
unable to demonstrate the expected risk reduction for postoperative infections when using LAF systems.  

Objective  
Is the use of laminar airflow systems, compared with other types of ventilation system in operating rooms, 
associated with a reduction of the risk for mortality, serious surgical site infections (sSSI), other surgical site 
infections (SSI) and concentration of CFUs in air sampled from the operation area? 

Methods 
Systematic literature searches were conducted in PubMed, Medline, Embase, CINAHL, Cochrane Library and a 
number of HTA databases. RCTs, controlled cohort studies and systematic reviews/HTA reports were considered 
for inclusion. The included controlled studies were critically appraised, and data was extracted. Whenever possible, 
data was pooled in meta-analysis using RevMan 5.3 and presented as Forest plots.  

Results 
We identified 33 studies, 28 cohort studies and five systematic reviews/HTA reports, based on more than a 
million operations. 14 cohort studies were based on implant orthopaedic surgery and 14 on non-implant-
orthopedics/GI/vascular/mixed surgery. For the outcome serious SSI, there was a statistically significant 
increased frequency of sSSI in LAF theaters in the subgroup orthopaedic implant surgery (OR=1.28[1.04, 1.58], 
p=0.02) *, corresponding to an increased absolute risk from 0.44% in non-LAF to 0.68% in LAF theaters. In 
non-implant orthopedic surgery (mainly trauma surgery), there was also a statistically significant increased 
frequency of sSSI in LAF theaters (OR= 1.13[1.08, 1.18], p<0.0001), corresponding to an increased absolute risk 
from 2.40% in non-LAF to 2.70% in LAF theaters. For the other outcomes and subgroups, no significant 
differences were seen. LAF was associated with a substantial reduction in the concentration of CFUs in operating 
room air (p<0.0001).  

Conclusions 
Vertical laminar airflow compared with other types of ventilation system in operating rooms may not be 
associated with a reduction of serious surgical site infections in orthopedic implant or non-implant surgery or in 
GI/vascular/mixed surgery. In fact, for some comparisons a statistically significant increased risk was found, 
although the absolute differences were small. The certainty of evidence was low (GRADE ⊕⊕).  

It is uncertain whether vertical laminar airflow compared with other types of ventilation system in operating 
rooms is associated with changes in mortality or surgical site infections in orthopedic implant, non-implant 
surgery or GI/vascular/mixed surgery. The certainty of evidence was very low (GRADE ⊕).  

Vertical laminar airflow, compared with other types of ventilation system in operating rooms, is probably 
associated with a reduction of CFU concentration in air sampled near the operating field.  
The certainty of evidence was moderate (GRADE ⊕⊕⊕).  

*OR values larger than 1 indicate higher risk for mortality or higher rates of infection with LAF. Values within brackets
([ ]) are 95% confidence intervals.
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2. Svensk sammanfattning – Swedish summary

Bakgrund 
Postoperativa infektioner, och då i synnerhet inom protesortopedin, utgör ett stort kliniskt problem. Orsakerna är 
mångfacetterade, en av dessa är nedsmutsning med bakterier från oren luft i operationssalen. Den relativa 
betydelsen av denna faktor är kontroversiell och varierar troligen med typen av kirurgi. För att minimera denna 
risk har man konstruerat nya ventilationssystem, där ett vanligt förekommande system är vertikalt laminärt 
luftflöde (förkortat LAF). Införandet av denna teknik har i huvudsak baserats på reduktion av surrogatmarkören 
koncentration av bakteriekolonibildande enheter (CFUs) i närheten av operationsfältet. Flera relativt färska 
systematiska översikter av studier baserade på registerdata rapporterar dock avsaknad av förväntad riskreduktion 
vad gäller postoperativa infektioner i salar försedda med LAF.  

Syfte 
Är användning av laminärt luftflöde på operationssalar, jämfört med andra ventilationssystem, associerat med 
minskad risk för mortalitet, allvarliga postoperativa infektioner, andra postoperativa infektioner och med 
reducerad koncentration av CFUs samlade från luft i operationsområdet? 

Sökmetoder och identifiering av studier 
Systematiska litteratursökningar genomfördes i PubMed, Medline, Embase, CINAHL, Cochrane Library and ett 
antal HTA-databaser. RCTer, kontrollerade kohortstudier och systematiska översikter/HTA rapporter bedömdes 
för eventuell inklusion. De inkluderade studierna utvärderades kritiskt, och data extraherades. Om möjligt 
poolades data i metaanalyser med användning av Revman 5.3. och presenterades som Forest plottar.  

Resultat 
Vi fann 33 studier baserade på mer än en million operationer varav 28 kohortstudier och fem systematiska 
översikter/HTA rapporter. 14 kohorter berörde ortopedisk proteskirurgi och 14 studier icke-implantat-
ortopedi/magtarmkirurgi/kärlkirurgi/blandad kirurgi. För utfallet allvarliga postoperativa sårinfektioner sågs en 
statistisk signifikant ökad risk i LAF-salar för subgruppen ortopedisk implantat kirurgi (OR=1.28[1.04, 1.58], 
p=0.02) *, motsvarande en ökad absolut risk från 0.44% i icke-LAF- till 0.68% i LAF-salar. I subgruppen 
traumaortopedi sågs också en signifikant ökad risk i LAF-försedda operationssalar (OR=1.13[1.08, 1.18], 
p<0.001), motsvarande en ökad absolut risk från 2.40% till 2.70%. För övriga utfall och subgrupper sågs inga 
signifikanta skillnader. LAF var associerad med en tydlig reduktion av koncentrationen av bakteriekolonibildande 
partiklar (CFUs) i operationssalsluft (-33[-37, -30] CFUs/m3, p<0.0001).  

Slutsatser 
Analysen ger inget stöd för att vertikalt laminärflöde, jämfört med andra typer av ventilationssystem i 
operationssalar, ger en reduktion av allvarliga kirurgiska infektioner vid ortopedisk implantatkirurgi, ortopedisk 
icke-implantatkirurgi eller vid gastrointestinal-/kärl-/blandad kirurgi. För några jämförelser skulle det kunna 
finnas en statistiskt signifikant ökad risk men de absoluta skillnaderna var små.  
Evidensgraden var låg. (GRADE ⊕⊕).  

Det är osäkert huruvida vertikalt laminärflöde, jämfört med annan typ av ventilationssystem i operationssalar, är 
associerat med en förändrad risk för mortalitet eller för icke-allvarliga postoperativa infektioner.  
Evidensgraden var mycket låg (GRADE ⊕). 

Vertikalt laminärflöde, jämfört med annan typ av ventilationssystem i operationssalar, är troligen associerat med 
en reduktion av CFU- koncentrationen mätt i anslutning till operationsfältet.  
Evidensgraden var måttligt hög (GRADE ⊕⊕⊕).  

*OR värden större än 1 indikerar högre risk för mortalitet eller högre infektionsrisk med LAF. Värden inom hakparenteser. ([
]) indikerar 95% konfidensintervall.



Effectiveness of laminar versus turbulent airflow in operating theaters, with regard to risk for postoperative surgical 
infection 2020-04-15 

6 (48) 

The above summaries were written by representatives from the HTA-centrum. The HTA report was 
approved by the Regional board for quality assurance of activity-based HTA. The abstract is a concise 
summary of the results of the systematic review. The Swedish summary is a brief summary of the 
systematic review intended for decision makers, and is ended with a concluding summary. 
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Head of HTA-centrum of Region Västra Götaland, Sweden, March 20 2019 and May 29 2019. 
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3. Summary of findings.

1. 

Outcomes Study design, 
 number of cohorts 

Relative effect 
  OR[95%CI] 

(OR> 1 denotes increased 
risk with LAF) 

Absolute effect 
(events/total 
number of 

operations, %) 

Certainty 
of evidence 

GRADE 
+ reason for

up/down-
grading

Mortality 1 cohort 1.09 [0.28, 4.23], p=0.90 LAF: 5/85 = 5.9% 
No LAF: 4/74 = 
5.4% 

⊕ 
1 

Serious 
surgical site 
infection or 

need for 
revision 

Implant orthopaedic surgery 
(hip or knee), n=17 

Other orthopaedic (e.g. 
trauma), n=3 

GI/vascular/mixed, n=4 

1.28[1.04, 1.58], p=0.02 

1.13[1.08, 1.18], p < 
0.0001 

1.23[0.97, 1.56], p=0.09 

LAF: 1877/274017= 
0.68% 
No LAF: 
1112/251936= 
0.44% 

LAF: 
13708/507024= 
2.70% 
No LAF: 
1956/81509 = 
2.40% 

LAF: 477/40973= 
1.16% 
No LAF: 
240/25199= 0.95% 

⊕⊕ 
2 

Surgical site 
infection 

Implant orthopaedic surgery 
(hip or knee), n=4 

Other orthopaedic (e.g. 
trauma), n=2 

GI/vascular/mixed, n=5 

1.18[0.78, 1.80], p=0.43 

1.36[0.75, 2.48], p=0.31 

0.44[0.19, 1.01], p=0.058 

LAF: 493/27838= 
1.77% 
No LAF: 
221/16455= 1.34% 

LAF: 60/1674= 
3.58% 
No LAF:16/1016 = 
1.57% 

LAF: 610/43936 = 
1.39% 
No LAF: 391/26337 
=  1.48% 

⊕ 
3 

Bacterial 
contamination 

in room air 
(CFU/m3, 
active air 
sampling) 

5 cohorts (pooled) 

Orthopedic implants, n=3 

Other types of surgery, n=2 

Mean delta CFU/m3= 
- 33.4[-37.2, -29.6];
p<0.0001

MD=-41.8[-52.0, -
31.5], p<0.0001 

MD = -32.1[-36.2, -
28.0], p<0.0001 

⊕⊕⊕ 
4 
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Downgraded for only one study, imprecision 
2. Downgraded for study limitations and heterogeneity, upgraded for results based on very large patient populations.
3. Downgraded for study limitations and heterogeneity and in the case of GI/vascular/mixed surgery, imprecision
4. Upgraded for consistent and large effect.

Certainty of evidence 

High certainty 
⊕⊕⊕⊕ 

Moderate certainty 
⊕⊕⊕ 

Low certainty 
⊕⊕           

Very low certainty 
⊕ 

We are very confident that the true effect lies close to that of the estimate of the effect. 

We are  moderately confident in the effect estimate: The true effect is likely to be close to the 
estimate of the effect, but there is a possibility that it is substantially different. 

Confidence in the effect estimate is limited: The true effect may be substantially different from 
the estimate of the effect. 

We have very little confidence in the effect estimate:  
The true effect is likely to be substantially     different from the estimate of effect 

4. Abbreviations/Acronyms

CFU: colony forming units 

DAIR: debridement, antibiotics and implant retention 

HEPA: High efficiency particulate air 

HVAC: Heating, ventilation and air conditioning 

LAF: Laminar air flow 

OR: Odds ratio 

SSI: Surgical site infection 

sSSI: Serious surgical site infection 

THR: Total hip replacement 

UDF: Unidirectional airflow 
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5. Background

Disease/disorder of interest, its degree of severity and the studied intervention 
Postoperative surgical site infection (SSI) is one of the most common and also most dreaded 
complications after surgery. It can be a disaster for the patient and also consumes large economic 
resources, i.e. preventing this chain of events is worth a lot of effort. Theoretically, bacteria can reach 
and remain in the wound via three routes: from the patient (skin or haematogenous), via contaminated 
instruments/implants, or via contaminated air. The risk for the patient to develop an SSI differs 
depending on patient- and operation specific factors. Patient factors are e.g. the presence of immuno-
suppression, disturbed metabolic state, smoking, hypothermia or other severe illnesses. Surgical risk 
factors also play a large role, e.g. duration of surgery, implantation of foreign material and occurrence of 
bleeding.  

The relative importance of air contamination has been a subject for debate since the early day when 
Lister first tried to kill airborne bacteria by carbolic acid spray (Lister, 1867). The evolution of 
prosthetic implant surgery, especially orthopedic implant surgery, increased the focus on airborne 
infection during the 1950s. Charnley and coworkers (Charnley & Eftekhar, 1969) developed a concept 
with a totally closed space containing the patient and the surgical team (Charnley´s box) in which the 
operating team wore covering suits and got their air supply from outside the box. Using this system, 
Charnley reported a lowering of infection rates from 8.5% to 0.7%.  

Charnley´s box is no longer being used and has been replaced by vertical laminar air flow ventilation 
(LAF). The underlying physical principle is to try to generate unbroken lamina of air flow from ceiling 
to floor, to minimize admixture with undesired particles from other parts of the room. However, since 
the patient and the operating team are also surrounded by these jet streams, a more correct description 
would be distorted LAF or distorted unidirectional ventilation. The actual setup is that you have a large 
area in the ceiling above the operating field where you deliver a very high outflow of air. Near the 
outflow area, this air will have a laminar flow-pattern but it will inevitably get distorted on the pathway 
downward, due to obstacles such as the operating table with the patient, the staff and the equipment, and 
by physical factors like heat generated from the lighting systems.  

The LAF concept gained popularity after studies by Lidwell and coworkers in the early 1980s in which 
these authors were able to demonstrate a substantial reduction in the incidence of SSIs that was 
attributed to an effect of ultraclean air (Lidwell et al., 1982). This work has had an enormous impact on 
the evolution of ultraclean surgery, in particular orthopedic implant surgery, but the causal role of air 
bacteria has also been questioned due to possible presence of important confounders like different 
modes of antibiotic prophylaxis in the studied groups. 

Nowadays, SSIs are fortunately relatively rare, usually in the order of magnitude 1-3%, depending on 
definitions and type of surgery. This means that to measure a clinically relevant effect (-30%) of an 
intervention to further reduce this low risk, a power calculation shows that one needs to collect quite 
large materials. For example, if demanding a power of 80% and with an expected SSI incidence of 2%, 
10000 patients would be required to show a clinically relevant effect (30% reduction) of a hypothetical 
independent variable like change of ventilation system (Evans, 2011). To perform an RCT at this scale 
is not considered feasible and therefore one has taken recourse to the “second best” type of data, i.e. real 
world outcomes obtained from large quality registers.  
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This data will of course be observational only and subject to variations related to other factors in 
addition to ventilation, the most important one being the risk for varying thresholds and time windows 
for reporting of complications like SSI. There is also a risk for allocation bias related to a tendency to 
operate more vulnerable patients in “newer” (= often LAF-supplied) operating rooms.  
On the other hand, the data in the large registries are “real world data” rather than idealized (sometimes 
even unrealistically so) data from the desired rigorously controlled RCT studies.  

Collecting clinical data is complicated and time consuming, and therefore researchers have been looking 
for easier-to-measure surrogate variables. The method of choice has in this case been to sample and 
count the number of bacterial colony forming units (CFUs) in operating room air. A CFU is a small 
particle that contains bacteria forming a colony of growth when applied to a culturing medium, typically 
an agar plate. The use of this surrogate variable is based on the assumption that contamination with 
airborne bacteria is indeed an important cause of SSIs. 

Measuring relevant CFUs in room air is however not as easy as it seems since concentrations vary 
markedly depending on site and mode of sampling and traffic in and out of the room. Ideally, one needs 
to keep track of disturbing factors like number of door-openings, number of people present in the room 
and their movements, the choice of clothing regimen, the overall surface cleanliness and the type of 
surgery. Without this information, moderate changes in CFU data become very hard to interpret. It is 
also important to sample from a clinically relevant location. For air sampling, it is recommended to use 
an active air sampling method, a slit-sampler (impaction) or a filtering based device. For measurements 
in the surgical area and on the instrument tables, one can used a sterilized silicone hose with the filter 
holder attached to the end. There is also the alternative approach of passive sampling with agar plates 
put in various positions in the operating room. Over the entire CFU concentration range, there was a 
highly significant correlation (R2= 0.84 and 0.82). Whether this relationship remains linear also at very 
low CFU concentrations is less clear.  

Ever since the early studies of Lidwell and coworkers (Lidwell et al., 1982) indicating a protective effect 
of ultra-clean air ventilation on the risk for SSI, a large number of LAF equipped operating rooms have 
been and are being built all over the world. Recently, however, a number of retrospective register 
studies have failed to demonstrate the expected positive effect of LAF on SSIs occurrence, studies based 
on large patient data sets from Germany (Brandt et al., 2008; Breier et al., 2011), New Zealand (Hooper 
et al., 2011; Taynton et al., 2016) and Great Britain (Pinder et al., 2016). In fact, some of these studies 
even indicate that the use of LAF may be a risk factor for SSIs. Late in 2016, WHO published 
international guidelines (WHO, 2016) for prevention of surgical site infections. Concerning Laminar 
airflow ventilation systems, the panel suggests that: “laminar airflow ventilation systems should not be 
used to reduce the risk of SSI for patients undergoing total arthroplasty surgery”. (Conditional 
recommendation, low to very low quality of evidence)” (WHO, 2016, p, 158). 
As a part of the preparation of that document , Bischoff and coworkers undertook a survey of published 
data regarding the effect of LAF on SSI (Bischoff et al., 2017). They concluded that there was no 
convincing support for a patient benefit and even expressed the opinion that new operating rooms 
should perhaps not be equipped with LAF. These conclusions were based on admittedly very large but 
nevertheless observational studies only, and the certainty of evidence was assessed as low to very low. 
Despite their report LAF systems have taken a large part of the market for operating room ventilation.  

The aim of the current HTA-analysis was to reassess the scientific literature regarding patient 
value of LAF systems, with strong emphasis on key clinical outcomes like mortality and different 
types of surgical site infections.  

https://www.who.int/gpsc/global-guidelines-web.pdf?ua=1
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Prevalence and incidence   
In Region Västra Götaland (VGR), based on point prevalence measures, about 350 postoperative wound 
infections occur each year, about half of which emanate from orthopedic surgery (data from 2018: 
surgical specialites: 169; orthopedics: 170, urology: 48). (SKL, 2018, Andel med vårdrelaterad infection). 

According to Västfastigheter (personal communication Eva Lindblad, data from 2019-02-21), the 
Sahlgrenska University Hospital has 93 operating theaters, 18 of which are supplied with LAF roofs. 
The other hospitals in the VGR region together have another 98 theaters, 18 of which have LAF roofs. 
Approximately 80% of the operating theaters in VGR are accordingly supplied with conventional 
turbulent ventilation. 

Present treatment of the main adverse outcome, periprosthetic joint infections 
One very important adverse outcome is periprosthetic joint infection. The treatment options for manifest 
implant infections are DAIR (debridement, antibiotics and implant retention), revision of THR (total hip 
replacement), excision of the implant, antibiotic suppression or ultimately amputation. The choice of 
treatment follows algorithms based on the classification of the infection into early and chronic, which 
are handled differently. Early infections can frequently be treated with DAIR but late infections may, 
despite antibiotics and repeated revisions, require failure excision (= removal of implant) or ultimately 
amputation (Guren et al., 2017).  

Present recommendations from medical societies or health authorities 
There are currently no recommendations from medical societies or health societies regarding the use of 
laminar flow ventilation in operating theaters. However, SIS, the Swedish Institute for Standards, has 
advocated the current directive SIS-TS 39:2015.  

It should be emphasized that the Swedish Institute for Standards is an international organisation 
specialised in national and international standards. SIS publishes and sells standards and manuals, as 
well as offering training and consulting services. It is consequently not an official authority.  

According to the mentioned SIS directive, all new theaters where “extracorporeal material” (including 
e.g. nets used in hernia surgery and indwelling catheters) may become inserted, should be supplied with
a system that reduces the concentration of colony forming units to < 10 CFU/m3. There are also plans to
further reduce this level to < 5 CFU/m3.

Health Technology at issue: Vertical laminar airflow-based operating room ventilation 
The design of heating, ventilation and air conditioning (HVAC) systems for an operating theater is 
aimed to prevent the risk for infections while maintaining adequate comfort conditions for the patient 
and the work environment climate for the surgical staff. LAF ventilation is a special case of 
‘unidirectional airflow’, UDF ventilation. This technique and design is based on the principle that the 
supplied air is pressed through High Efficiency Particulate Air (HEPA) filters in the ceiling above the 
operating table at a high airflow rate. The air velocity should be high enough to preserve a stable, 
controlled flow over the surgery table even when it is impeded by staff activity and equipment, but still 
low enough not to induce auto-turbulence. 

Compared with other ultraclean room technology, the size of the air supply device area and the air 
velocities are somewhat lower in hospital applications. Nevertheless, a number of studies confirm low 
contaminant levels for the UDF principle. 
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The definition of unidirectional airflow can be found in SS-EN ISO 14644-1:2016 and is expressed as 
controlled airflow through the entire cross-section of a cleanroom or a clean zone, with a steady velocity and 
airstreams that are considered to be parallel. The flow pattern can be described as displacement air flow, in 
which the air flow is unidirectional, spreading contaminants as little as possible. 

The alternative air distribution technique is named mixing air flow or turbulent air flow, in which 
temperature and concentration of contaminants are evenly distributed in the room (non-unidirectional 
airflow) and where the supply air entering the cleanroom or clean zone mixes with the internal air by 
means of induction. 

The design of a LAF roof thus enables supply of the room with a large air volume flow at comparatively 
low air velocities. Supply air is filtered with HEPA air filters and the supplied air flow is concentrated to 
the critical surgical zone. The air, in a unidirectional downward flow, is supplied at a lower temperature 
level compared to the room temperature, in order to stabilize the air flow at low air velocities, less than 
03 m/s. The air flow should also create protection against penetration of particles from the surgical team. 

6. Objective

Is the use of a laminar airflow system in operating rooms associated with a reduced risk for mortality, serious 
surgical site infection, surgical site infection or a reduced concentration of colony forming units in operating room 
air, as compared with any other type of ventilation system?  

PICO:  P= Patients, I= Intervention, C= Comparison, O=Outcome 
P1 
P2 

Orthopedic implant surgery 
Other types of surgery 

I I1: Permanently installed unidirectional vertical laminar airflow system (not UV light)  
I2: I1+ with defined and described number of air exchanges per unit time 

C Other ventilation solutions (not UV light) 
O Critical for decision making 

• Mortality
• Serious Surgical Site Infection (sSSI), implant infection, sepsis, need for revision

Important but not critical for decision making 
• Surgical site infection (SSI)
• Bacterial exposure, measured as Colony Forming Units, CFU, measured per unit

time and volume, either passively (precipitation) or actively (air sampling) during
ongoing operation

• Complications

Eligibility criteria 
Study design:  
Systematic reviews (the majority of included articles should be published after 1990) 
Randomized controlled trials 
Non- Randomized controlled trials 

Language: 
English, Swedish, Danish, Norwegian 

Publication date: 
1990 - 
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7. Methods

Systematic literature search (Appendix 1) 
During October 2017, with an update in May 2018 two authors (EB, AL respective AL, TS) performed 
systematic searches in Medline, PubMed, Embase, the Cochrane Library, Cinahl and a number of HTA-
databases. Reference lists of relevant articles were also scrutinised for additional references. Search 
strategies, eligibility criteria and a graphic presentation of the selection process are presented in 
Appendix 1. These authors conducted the literature searches, selected studies, and independently of one 
another assessed the obtained abstracts and made a first selection of full-text articles for inclusion or 
exclusion. Any disagreements were resolved in consensus. The remaining articles were sent to all the 
participants of the project group.  

All authors read the articles independently of one another and it was finally decided in a consensus 
meeting which articles should be included in the assessment 

Critical appraisal and certainty of evidence  
The included studies and their design and patient characteristics are presented in Appendix 2. The 
excluded studies and the reasons for exclusion are presented in Appendix 3. The included studies have 
been critically appraised using checklists from the SBU for assessment of cohort studies and a checklist 
for assessment of randomised controlled trials, both checklists are modified by HTA-centrum. The 
results and the assessed quality of each article have been summarised per outcome in Appendix 4. A 
summary result per outcome and the associated certainty of evidence are presented in a Summary-of-
findings table (page 7). The certainty of evidence was defined according to the GRADE system (Atkins 
et al., 2004; GRADE Working group, 2017). 

Ongoing research 
A search in Clinicaltrials.gov (2019-02-26 using the search terms (laminar OR laminated OR ultraclean 
OR ultra-clean OR unidirectional) identified 148 trials. None of the trials was considered relevant for 
our question.  

8. Results

Description of included studies and patient data base  
The identified literature consisted of 33 studies, five of which were systematic reviews/HTA reports. We 
found one RCT (outcome passive sampling of CFUs) that was handled as a cohort since the relevant 
comparison, type of ventilation, was not randomized. There were 27 other cohort studies containing data 
from more than 1 million operations (mainly retrospective registry data). For the critical outcome 
serious surgical site infections, there were more than 19000 events (Table 1). 
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Cohorts 
Implant orthopedics    
               (P1) 

  Other surgery   
          (P2)    Total 

Number of studies 14            13 27 

Outcome mortality 0              1 1 
    Number of operations 0 159 159 
    Number of events 0 9 9 

Outcome serious SSI or need for 
revision 11 7 18 

    Number of operations             525 953 655 858 
1 181 
811 

 Number of events                2 989 16 381 19 370 

Outcome SSI 2 8 10 
   Number of operations             44 293 72 963 117 256 
   Number of events                 714 1077 1791 

Outcome CFU/m3 in room air 2 2 4 
   Number of measurements           370 197 567 

Table 1: Summary of identified database in terms of number of studies, number of events and number of 
operations. 

The structure of the results section is as follows: In the first section (1.1-1.4), we present the effects of 
LAF as unadjusted odds ratios calculated directly from number of events and total number of operations 
in theaters with or without LAF ventilation. This approach makes it possible to calculate absolute risk 
(number of events/number of operations). This straightforward approach does not compensate for 
possible confounders, most notably in this case differences regarding type of operation and allocation 
bias (= a possible tendency to operate more “vulnerable” patients in newer theaters). Therefore, in the 
second section (2.1-2.4) we also performed subgroup analyses in the implant surgery material and for 
the critical outcome serious SSI. The aim of the subgroup analysis was to assess some of the following 
potential confounding factors:  

1. Differences between hip and knee implant surgery (type of implant surgery).
2. Differences between registry studies and before-and-after studies (the latter will be expected to have a

lower risk for allocation bias, although other sources of bias may occur);
3. Differences between studies describing or not describing air volume flow (the former may have a lower

risk for inappropriate intervention);
4. Comparison of unadjusted and adjusted Odds ratios, in the latter case with adjustment for age, sex, risk

index/ diagnosis and length of operation, by multivariate analysis (attempt to reduce allocation bias).

1. Analysis of the entire unadjusted data, with ORs calculated from number of events and
number of operations.

1.1. For the outcome mortality, we only found one small study of low quality involving 
orthopedic trauma surgery patients (P2 group). OR [95% CI] for mortality was 
1.09[0.28, 4.23], p=0.90 
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Fig 1: OR for mortality with or without LAF ventilation in operating theater. 

Conclusion: It is uncertain whether laminar airflow compared with other types of ventilation in 
operating theaters is associated with changes in postoperative mortality in orthopedic trauma 
surgery patients. Very low certainty of evidence, GRADE⊕   . 

1.2.Serious surgical site infection or need for revision (sSSI). 

This key outcome was studied in both patient groups (P1 and P2), with a total material 
consisting of more than 1.1 million patients and almost 20 000 events. Due to the 
heterogeneity of the material, the data was separately analysed in the three subpopulations 
(implant surgery, other orthopedic surgery, and GI/vascular/mixed surgery) and was not 
pooled. There was a statistically significant higher frequency of sSSI in LAF theaters in 
orthopedic implant surgery (OR=1.28[1.04, 1.58], p=0.02), corresponding to an increased 
absolute risk from 0.44% in non-LAF to 0.68% in LAF theaters. In non-implant orthopedic 
surgery (mainly trauma surgery), there was also a statistically significant increased frequency 
of sSSI in LAF theaters (OR= 1.13[1.08, 1.18], p<0.0001), corresponding to an increased 
absolute risk from 2.40% in non-LAF to 2.70% in LAF theaters. In GI/vascular/mixed 
surgery no significant difference was observed (OR=1.23[0.97, 1.56], p=0.09). 
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Fig 2: Unadjusted OR for serious surgical site infection (sSSI) calculated from number of events and 
number of operations, in theaters with or without LAF ventilation. 
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The funnel plot (relating OR to its confidence interval/study size, where asymmetry may reflect possible 
publication bias in smaller studies) showed a tendency to an asymmetry in the form of more favorable 
effect of LAF in small studies in orthopedic implant surgery (4/5 estimations were to the left of the 
mean OR line). 

Fig 3: Funnel plot of confidence interval of unadjusted OR related to unadjusted OR in the individual 
studies. Studies with a large confidence interval (high SE(log OR)) are expected to vary more, but 
symmetrically around the same OR as in the studies with narrower confidence interval. 

Conclusion regarding orthopedic implant surgery, Orthopedic non-implant surgery and 
GI/vascular/mixed surgery: Vertical laminar airflow compared with other types of ventilation 
system in operating rooms may not be associated with a reduction of serious surgical site 
infections. In fact, for some comparisons there may be a statistically significant increased risk, 
although the absolute differences were small. The certainty of evidence was low (GRADE ⊕⊕). 

1.3.Surgical site infection (SSI) 

There was no significant effect on SSI in the orthopedic groups (OR in implant group: 
1.18[0.78, 1.80], p=0.43; OR in non-implant group = 1.36[0.75, 2.48], p=0.31) or in the 
GI/vascular/mixed group (OR= 0.44[0.19, 1.01], p=0.058 (p-value 0.05 in figure is a two-
digit number rounding error in Revman). Like for serious SSI, we refrained from pooling 
data due to clinical heterogeneity.  
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Fig 4: Unadjusted OR for surgical site infection, calculated from number of events and number of 
operations in theaters with or without LAF. 

Conclusion: It is uncertain whether laminar airflow ventilation compared with other types of 
ventilation system in operating theaters is associated with changes in the risk for surgical site 
infections, in mixed materials of implant- and other types of surgery. Very low certainty of 
evidence, GRADE ⊕. 

1.4.Colony forming unit (CFU) concentration in air sampled adjacent to operating table 

The mean CFU reduction with LAF in the whole material was based on 366+201= 567 air 
samplings. In elective orthopedic surgery, mean difference (MD) with LAF was a reduction 
of -42[-52, -32] CFU/m3 and in other types of surgery (trauma orthopedics and 
cardiothoracic/urological respectively) -32[-36,-28] CFU/m3, in both cases p<0.0001.The 
basal CFU count (mean (SD)) in non-LAF theaters was 51(18) CFU/m3, i.e. there was a 
substantial reduction with LAF. There was no significant subgroup difference, making it 
reasonable to calculate a pooled estimate (MD = -33[-37, -30] CFU/m3, p<0.0001.  
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Fig 5: Mean difference and 95% confidence intervals of number of CFUs/m3 in room air, in theaters 
supplied or not supplied with LAF.   

1.5. Passive bacterial sampling 

This outcome was assessed in seven cohort studies (see appendix 4.1.5). Different sampling 
sites and different methods of sampling were used, making meta analysis of the entire 
dataset impossible. LAF ventilation did however consistently lead to a substantial reduction 
in the numbers of bacteria recovered by passive sampling, with some variations depending 
on where in the operating room the culture media had been placed. 

Conclusion: 
Laminar airflow ventilation compared with other types of ventilation system in operating theaters 
is probably associated with a substantial reduction in the concentration of CFUs in air sampled in 
the vicinity of the operating table. Moderate certainty of evidence, GRADE⊕⊕⊕. 

2. Subgroup analyses in group P1 (implant surgery), regarding the outcome serious SSI

Since there was substantial heterogeneity among studies measuring this critical outcome, further
subgroup analyses were performed to try to identify subgroups with a different risk profile. Four
subgroups were studied: hip and knee implant surgery, register-based cohort studies and before-
and-after studies, studies with or without numeric data regarding air volume flow (intervention
I2), and studies using multivariate regression to adjust for some important potential confounders.

2.1. Subgroups hip and knee implant surgery 

OR was 1.24[0.93, 1.65], p=0.14 in the hip implant group and 1.35[0.95, 1.92], p=0.09 in 
the knee implant group. The absolute risk for serious SSI in the hip group was 1517/192871 
= 0.79% for LAF systems and 671/139415 = 0.48% for No LAF systems. The corresponding 
numbers in the knee group were 360/80846= 0.45% for LAF and 441/112521 = 0.39% for 
non-LAF systems. There was significant heterogeneity but no significant subgroup 
difference (p=0.09). Location of joint implant surgery accordingly did not significantly 
influence the effects of LAF on the risk for serious SSI.  
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Fig 6: Unadjusted OR for serious surgical site infection separated calculated in hip and knee implant 
surgery on the basis of events and number of operations. Mean and 95% confidence intervals. 

Conclusion: In subgroup analyses, separated for hip and knee, it is uncertain whether laminar 
airflow ventilation compared with other types of ventilation system in operating theaters is associated 
with changes in the risk for serious surgical site infections. 

2.2.Subgrouping based on study type 
Since the main source of analysis was registry data with an inherent but unknown risk for 
allocation bias due to, e.g. a possible tendency to operate more severe cases in newer 
theaters, we separately evaluated studies in which LAF ventilation had been introduced at a 
certain time point in the same setting, thus enabling before-and-after analysis. Data was only 
available for the hip implant group. 

Odds ratio for serious SSI in the cohorts (registry studies) was 1.31[0.99, 1.73], p=0.06 and 
in the three small before-and-after studies of low quality 0.26[0.05, 1.33], p=0.11. While 
there were 2127 events in the registry studies, there were only 15 events in the before-and-
after studies. The subgroup difference in OR was not statistically significant (p=0.06).  

We also identified one larger study based on trauma orthopedic surgery (Pinder et al., 2016) 
that contained data for SSI before and after installation of a LAF system. SSI risk in theaters 
never supplied with LAF (14018 operations) was set as 1. Before installation (n=739), 
relative OR was 1.22[1.00, 1.51](p=0.055) and after installation (1406 operations), relative 
OR was 1.26[1.04, 1.54], p=0.021 as compared to the never-LAF group. 

Conclusion: Before-and-after design did not significantly (p=0.06) change the effect of LAF on the 
risk for sSSI.  
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Fig 7: Subgrouping of unadjusted ORs, as calculated from number of events and number of operations, 
in cross-sectional/cohort studies and in studies containing before-and-after data, i.e. data before and after 
installation of a LAF system. OR denotes risk for serious SSI in theaters with or without LAF and a 
value higher than 1 indicates an increased risk with LAF. 

2.3.Subgrouping based on statement or non statement of air volume flow for LAF ventilation 
(assessment of intervention I2). 

The rationale for this analysis was that studies not stating volume flow might be based on 
the wrong intervention, e.g. technically suboptimal conditions. OR for serious SSI in studies 
without statement of air volume flow was 1.09[0.81, 1.45], p=0.58 and for those stating air 
volume flow 0.91[0.11, 7.34], p=0.93. The difference was not statistically significant 
(p=0.87).  

Conclusion: OR in studies containing statements regarding of air volume flow was not significantly 
different from that reported in those lacking air volume flow data. 
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Fig 8: Unadjusted OR for serious SSI, calculated from number of events and number of operations in 
theaters with or without LAF. Data from studies stating or not stating air volume flow are placed in two 
different subgroups.  

2.4. Results with or without multivariate analysis with adjustment for some possible covariates: 

A subgroup of studies (6 studies with 9 separate data sets) contained both unadjusted and 
adjusted data. To increase the power of the analysis, we here included both hip- and knee 
implant as well as trauma surgeries (n=9 patient data sets). The main adjustment factors 
assessed were age, gender, risk index/diagnosis and operation time. Before multivariate 
analysis, OR for serious SSI was 1.24[0.99, 1.56] and after correction 1.17[0.96, 1.43]. OR 
increased after adjustment in five data sets, decreased in three data sets and remained 
unchanged in one data set. The difference in OR calculated without or with adjustment for 
these covariates was not statistically significant (p=0.54).   

Conclusion:  
Adjustment for the covariates age, gender, risk index/diagnosis or operation time accordingly did not 
significantly influence OR for the effect of LAF on serious SSI. 
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Before correction: 

After correction: 

Fig 9: Unadjusted and adjusted ORs for serious surgical site infection, in studies containing both 
unadjusted and unadjusted data. Adjustments were made for age, sex, diagnosis and duration of surgery. 
The comparison was operation in a theater supplied or not supplied with LAF and an OR value higher 
than 1 implies an increased risk with LAF.  

9. Ethical aspects and Discussion
Houltz E, Björkander E, Jivegård L, Liljegren A, Moonen J, Petzold M,
Svanberg T, Svensson M, Sjövall H

Ethical aspects 
This systematic review shows that LAF systems, despite being associated with a clearcut reduction 
in CFU units/volume room air, do not seem to be associated with any reduction in serious surgical 
site infections. Despite this knowledge, LAF systems have become the dominating ventilation 
system when building new surgical theaters during the last decades. Based on the studied outcomes, 
this is against the cost-efficiency principle. The tendency to a small detrimental effect in orthopedic 
surgery (implant and non-implant) was statistically significant. If this phenomenon is real, it would 
violate the non-harm principle. However, it has to be emphasized that the data emanates only from 
observational studies, and may just as well be due to selection bias (tendency to operate more 
severe cases in newer operating theaters).  
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Discussion 
The key message of the report is that we found no evidence for a reduced risk for serious surgical 
site infections in implant, non-implant or GI/vascular/mixed surgery in patients operated in theaters 
supplied with LAF ventilation. The observation is not new, our literature search identified five 
previous systematic reviews on this topic since 2001 (Segadal et al, 2001; Ventilation pa 
operationsstuer 2011; Lowson et al., 2011 (mainly economics), Gastmeier, Breier Brandt 2012; 
Bischoff et al., 2017). All these systematic reviews also conclude that there is no evidence for a 
beneficial effect of LAF ventilation on the risk for the key patient outcome serious surgical site 
infection. The congruence is not surprising since those reviews and our HTA report are based on the 
same key studies. This lack of effect is seen despite clearcut reductions in the concentration of 
number of colony forming units (CFUs) in the vicinity of the operating field. The current report can 
therefore be regarded as an update, but we also added a number of subgroup analyses to identify 
potential confounders that might mask a hypothetical beneficial effect. The confounders tested were 
type of orthopedic implant surgery (hip or knee), comparison of register data and before-and-after 
studies (to minimize allocation bias), comparison of studies stating air volume flow or not, and 
finally studies correcting (or not) for important allocation factors like age, sex, diagnosis or duration 
of operation. None of these confounding factor-focused analyses revealed any evidence for a 
significant beneficial effect of LAF ventilation on the studied patient outcome.  

Overall completeness and applicability of evidence 
A major caveat in this review is that the identified literature did not include any interventional 
studies, i.e. the evidence is based only on observational data. Interpretation of observational data, 
and to draw robust conclusions, relies on reasonable lack of relevant confounders.  
Confounders can be roughly grouped into risks for allocation and detection bias.  

Allocation bias might in this case be generated by a tendency to operate more severe cases with a 
presumed larger risk in the (generally newer) LAF theaters. Since we found no randomised or even 
interventional trials regarding the sSSI outcome, this possibility cannot be excluded. However, if 
that were the case, one would have expected unmasking of a beneficial effect in the subgroups 
before-and-after studies (same setting, different ventilation) and those with adjustment for main 
putative confounders, but this was not the case. Such a trend was indeed seen in the before-and-after 
group, but these studies were small with very few events and of low quality, and the tendency for a 
beneficial effect was not statistically significant. Moreover, since the conversion was always from 
conventional ventilation to LAF theaters, the tendency to improved results may simply be a time 
phenomenon. Moreover, in a larger study by Pinder et al. (2016) on trauma surgery patients, Odds 
ratio for sSSI was compared before, during and after supplying operating theaters with LAF. OR in 
a larger database of patients not operated in LAF theaters was used as reference (= 1). After 
installation of LAF, relative OR for sSSI was 1.26[1.04, 1.54], p=0.021.    

Another potential bias is detection bias, e.g. the occurrence of adverse events not identified in the 
register studies. As described in the introduction, late SSIs can be missed in the registries, a 
phenomenon that might cause substantial errors. The magnitude of the combined incidence of SSIs 
(serious and less serious) in the current data set was lower in implant surgery and higher in other 
types of surgery. For hip implants, serious SSI incidence was 0.79% in LAF and 0.48% in non 
LAF. This is a somewhat lower frequency than in the Swedish Hip Arthroplasty Registry. However, 
why underreporting should occur more frequently in patients operated in non LAF theaters is 
difficult to envisage. This hypothetical error would have to be quite large to mask a beneficial effect 
of LAF, in view of the observed risk increase in the large underlying data set with more than a 
million operations.  
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We noticed an exceedingly low infection prevalence in the study by Hooper et al (Hooper et al, 
2011). After removing the Hooper data from the sSSI meta-analysis, the detrimental effect was no 
longer statistically significant.  

Use of  LAF systems was associated with a reduction in the number of bacteria-containing 
particles in room air, so called colony forming units. However, some uncertainty remains 
regarding the magnitude of the difference, since the studied patent groups were not exactly 
identical. The meta-analysis was admittedly based on air sampling data only but the studies using 
passive sampling gave essentially the same results. A good correlation between results from 
technically appropriately performed active and passive sampling is well supported in the literature 
(Napoli et al., 2012).  

The discrepancy between CFU data and occurrence of serious surgical site infections may seem 
puzzling but since there are multiple other factors that affect risk of such infections, it may be that 
this parameter is simply not rate limiting at already low concentrations.  

Agreements and disagreements with other studies and reviews 
Our conclusions are in accordance with four previous systematic reviews and one HTA report 
(Segadal et al, 2001; Ventilation pa operationsstuer 2011; Lowson et al., 2011 (mainly 
economics), Gastmeier, Breier Brandt 2012; Bischoff et al., 2017).  

Strengths and limitations 
This is a comprehensive systematic review of the current literature on LAF ventilations systems 
and surgical site infections. In addition to main analyses, several sub-analyses have been 
performed in order to identify potential confounders that might have masked a beneficial effect of 
LAF. 
Limitations that should be emphasized is that the underlying studies all are observational, thus 
only associations can be assessed, not causality. The certainty of evidence for a lowering of CFU  
was moderate. However, without a parallell reduction in infection rate, the value of this reduction 
is unclear.  

Implications for research 
The lack of congruence between data from bacterial sampling and clinical outcomes needs to be 
better understood, e.g. by collecting both types of data from the same patients.  

10. Ethical aspects and Discussion
Erichsen-Andersson A, Grant P, Gustén J, Malchau H

Ethical aspects 
Looking att SSI we found low to very low quality of evidence (GRADE ⊕ to GRADE 
⊕⊕) that did not show any beneficial effect of LAF and in some subgroups a slight 
significant increase was even shown.  In contradiction to that we found moderate evidence 
(GRADE ⊕⊕⊕) that LAF reduces the number of bacteria in the operating field. 
LAF ceiling enables for large amounts of air to be distributed close to the operating field with 
maintained working environment for the staff in the OR (without creating noise or a strong wind). 
The LAF ventilation systems is less vulnerable for disturbances such as door openings, number of 
people present and dependency of  low permeable clothing  REF X1.  
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As the cost for building new OR’s with or without LAF are rather similar it is perhaps a less 
hazardous solution to use LAF systems when planning new OR’s.  
However, there is a lack of high-quality evidence to support rebuilding of existing OR’s and from 
a strict scientific point of view, and this is against the cost-efficiency principle. 
Ref X1  
Erichsen Andersson, Annette, Petzold, Max, Bergh, Ingrid, Karlsson, Jon, Eriksson, Bengt I., and 
Nilsson, Kerstin. "Comparison between Mixed and Laminar Airflow Systems in Operating Rooms 
and the Influence of Human Factors: Experiences from a Swedish Orthopedic Center." American 
Journal Of Infection Control, 2014, Vol. 42, Iss. 6, Pp. 665-.669 42.6 (2014): 665-69. Print. 

LAF and SSI 

Meta analyses and quality of evidence 
Looking at LAF and SSI, WHO published their guidelines 2016 based on a meta-analysis of the 
literature and found: “low to very low quality of evidence”, Bischoff and coworkers published 
their article 2017 based on the meta-analysis and found “Very low-quality evidence“ for 
recommendations regarding LAF (WHO 2016, Bischoff 2017). When we now have conducted our 
review we find “low to very low quality of evidence” that shows that LAF ventilation does not 
reduce the risk for serious or less serious surgical site infection (SSI) this result, is, in contrast to 
the result (“moderate quality of evidence”) that we find looking at CFU in the operating field. 

SSI and interacting factors  
There are numerous factors influencing the risk for SSI (fig 1) and air-borne bacterial 
contamination is one of many factors that influence the occurrence of SSI. All interacting factors 
together with the low frequency of deep infections in elective orthopedic hip and knee implant 
surgery (0.5-1.3 %) makes it very difficult to interpret our results as they do not account for all 
factors influencing the risk (fig 1) for SSI, 

(fig 1) 
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Arthroplasty registers in studies  
Looking at the studies concerning LAF and SSI they are all observational studies, and mainly 
based on arthroplasty registers. The Swedish Hip Arthroplasty Register (SHAR) was started in 
1979 and is considered as one of the best arthroplasty registers in the world, registering more than 
98% of all THRs performed in Sweden Kärrholm 2018.  

Lindgren and co-workers used this register and matched it with the Swedish Prescribed Drug 
Register (SPDR) that registers all outpatient prescribed drugs in Sweden 1 Lindgren 2014. They 
then performed a targeted study of medical records to find non-recorded reoperations due to 
infection and got a rate of reoperation due to infection of 1.3% and found that one third of the 
patients re-operated due to infection were not recorded in the SHAR. 1 Lindgren 2014.  

Arthroplasty register based studies from other parts of the world report various infection rates. 
One often cited study with a large patient cohort is from Hooper et al. using the New Zeeland Joint 
Registry and covering 51 485 THRs and 36 826 TKRs Hooper 2011. They report a revision rate 
due to infection of 0.089% (46/51 485) for THR and 0.136% (50/36 826) for TKR. The authors do 
not report if extra measures have been taken to identify patients with PJI, and they define 
“infection” as “any procedure for infection within 6 months after primary surgery”. It can be 
assumed that the study by Hooper has a significant bias in that they lack patients in the register 
who have a PJI but are not registered as having such. If the findings from Lindgren and co-
workers are compared to those of Hooper et al., and if the true frequency of reoperation due to 
infection is similar in Sweden and New Zeeland, we see that their register only recorded less than 
one of ten reoperations due to infected THR. If this bias in reporting patients with PJI is evenly 
distributed, it can be said that their findings are valid. However, as they have made no formal 
analysis of underreporting, and the assumed underreporting is so large, it is not clear that their 
findings are valid. If this single study that includes less than 1 out of ten infections is excluded 
there is no significant difference between the groups 

The issue of register-studies was debated at the last International Consensus meeting in 
Philadelphia 2018 and the question was raised to the specialist group: Are there any concerns 
regarding the use of joint registries or administrative data-bases to conduct infection studies? 
And their answer was (91% consensus): “Yes, infections re of multi-factorial character and 
currently, national joint registries alone do not provide adequate data for a comprehensive 
approach to infection research.”(REF) 

Discussion 

LAF and microbial contamination  
As described earlier and illustrated in fig 1 SSI is multifactorial and depending on patient factors 
as well as operating factors as well as OR environment where the ventilation-system plays one 
part. One way to evaluate the ventilation system is to measure the amount (CFU/m3) 
concentration of particles contaminated with bacteria in the air in the operating field preferably 
using an active sampling. 
Using this surrogate, you exclude many confounders that influence the rate of SSI. 
Findings regarding LAF and microbial contamination: 
We find moderate evidence that LAF probably decreases the amount of bacterial contaminated 
particles in the operating field and this was the strongest evidence found in the whole HTA-
analysis 
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Technical aspects, working environment and vulnerability  
LAF ceiling enables for large amounts of air to be distributed close to the operating field with 
maintained working environment for the staff in the OR (without creating noise or high 
velocities). It has been shown in this HTA-report that the microbial contamination in the 
operating field is reduced using LAF. The LAF ventilation systems produce a protective “air 
barrier” to the operating field and decreases vulnerable for disturbances such as door openings 
and the dependency on low permeable clothing REF A E-A + JG. 

End of inserted document  (Erichsen-Andersson A, Grant P, Gusten P, Malchau H). 

11. Organisational aspects

Time frame for the putative introduction of the new health technology  
As stated above, approximately 20% of operating theaters in VGR are today supplied with LAF 
ventilation (see introductory section). Sooner or later, these theaters will have to be rebuilt and 
then supplying them with LAF or not will be an important strategic decision.  

Consequences of the new health technology for personnel 
LAF ventilation offers a method to distribute a large amount of ultra clean air into the operation 
theatre with maintained acceptable working conditions. Mixed ventilation results in multiple 
smaller outlets of ultraclean air resulting in high velocity flow creating noise and “jet streams” that 
may have a negative effect on the working environment for staff present in the operating theatre. 

Consequences for other clinics or supporting functions at the hospital or in the Region 
Västra Götaland 
Region Västra Götaland currently has a large number of building projects where the type of 
ventilation in operating theaters is under consideration. Rebuilding these theaters just for the sake 
of conversion to LAF systems would involve very substantial costs (see economic section).  

12. Economic aspects
Present costs of studied adverse outcomes  
The differences in running costs among current systems (LAF or non-LAF) are relatively small, 
given that it relates to the energy use and frequency of filter changes. The main cost-differences 
apply to investment costs for new ventilation systems. On the other hand, handling of 
postoperative infection is extremely costly (see below) and if ventilation systems did indeed 
substantially reduce postoperative wound infections, this would rapidly balance these investment 
costs. With around 350 annual postoperative wound infections in VGR and an average cost per 
infection (serious SSI) at around 107,000 SEK (increases length of stay on the average by more 
than 10 days), this gives a total cost for postoperative wound infections of around 37.5 million 
SEK per year. 

Expected costs of the new health technology  
There are around 200 operating theaters in VGR, about 20% of which are supplied with LAF roofs.  
Cost consequences with LAF can be viewed in two main scenarios with different comparators: (1) a 
scenario comparing costs to conventional ventilation when e.g. renovating existing rooms, (2) a 
scenario comparing costs between LAF and other “modern” ventilation techniques marketed by 
suppliers. 
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Costs for rebuilding OR’s with conventional ventilation to LAF ventilation compared to 
maintaining conventional ventilation 
Investment costs include the LAF-roof, circulation unit, air handling unit, and filters. Based on 
recent tenders, the average investment costs per room can be approximated to 800,000 – 900,000 
SEK (excluding costs related to building alterations). Adding building alterations will of course 
dramatically increase this cost.  

Assuming a life-length of 15 years and a discount rate of 3% and 500 operations per room and 
year this gives an added cost per each operation of about 130 – 140 SEK.  

Costs compared to other modern ventilation techniques 
LAF ventilation systems are not more expensive compared to other modern ventilation systems 
supplied by the major producers (including TAF solutions). If anything, based on recent tenders, 
LAF has slightly lower investment costs. Due to higher airflow and energy use, running costs are 
slightly higher with LAF. The difference in cost per operation, when comparing different modern 
ventilation systems offered by producers in a recent tender, are relatively minor. 

Total change in costs  
Investment cost to introduce LAF in existing operation rooms with conventional ventilation adds 
up to at least 800,000 – 900,000 SEK per room (see above). Since there are about 160 non-LAF 
operating theaters in VGR, conversion of all these theaters into LAF rooms – as it seems on the 
basis of an arbitrarily set CFU threshold - will generate a cost of at least 128 million SEK, without 
any scientifically proven patient value.  

Possibility to adopt and use the new technology within the present budget  
There are no available funds in the present budget to fund LAF investments. Thus, other currently 
offered health services will be displaced if investments in LAF are carried out.  

Available economic evaluations 
A few studies regarding cost consequences and/or cost-effectiveness of laminar airflow ventilation 
were identified in the searches, but none from a Swedish health care setting. Since there is no 
documented patient benefit, these calculations are only relevant in terms of cost calculations.   

Graves et al. (2016) evaluated the cost-effectiveness of nine different combination treatment 
strategies to reduce the (postulated) i.e. risk of infection following primary hip replacement. They 
reported a mean added cost per case (operation) between £6.33 and £9.50 with LAF compared to 
conventional ventilation, which is slightly lower compared to our estimate above, but no 
improvement in terms of quality adjusted life years (QALYs). LAF was dominated (= more costly 
and worse health outcomes) by e.g. the combination of the use of systemic antibiotics, antibiotic-
impregnated cement and conventional ventilation.  

A similar study was published by Merollini et al. (2013), in which they evaluated the cost-
effectiveness of LAF using a decision-analytic model that was created based on data retrieved 
from a systematic review. They compared the costs with the change in QALYs and the results 
indicated that costs increased by approx. 153 Australian dollars per each total hip arthroplasty 
without any added health benefits. 
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13. Future perspectives

Scientific knowledge gaps  
The conclusion of a lack of a beneficial effect of LAF on patient outcomes is based on registry 
studies and a few before-and-after observational studies. There is strong need for proper 
prospective, randomized intervention trials, with direct comparison of LAF- and non LAF theaters 
and with thorough standardization of as many confounding factors as possible. However, as stated 
above, the chance that those studies will ever be done is small. Another way to improve the quality 
of the evidence is to continue collecting data in national quality registers and keep assessing this 
data. One possible way to improve the quality of the evidence could be a large register based study, 
perhaps using the NARA (Nordic Arthroplasty Register Association) involving registers from 
Denmark, Finland, Norway and Sweden. 
There is also a strong need to get a better understanding of the lack of congruence between low-
range CFU concentrations in operating room air with patient outcomes. 

Ongoing research 
At a search conducted 2019-02-26, we identified 148 planned trials indirectly related to operation 
room ventilation. However, none of these protocols fitted exactly with our PICO.  

14. Participants in the project

The question was nominated by 
Erik Houltz, M.D., Ph.D., senior consultant, Department of Anaesthesiology and Intensive Care, 
Sahlgrenska University Hospital, Gothenburg, Sweden and clinical lecturer at the Institution of 
Clinical Sciences, Sahlgrenska, Gothenburg, Sweden  

Participating evaluation team members 
Erik Houltz, M.D., Ph.D., senior consultant, Department of Anaesthesiology and Intensive Care, 
Sahlgrenska University Hospital, Gothenburg, Sweden and clinical lecturer at the Institution of 
Clinical Sciences, Sahlgrenska Academy, University of Gothenburg, Gothenburg, Sweden. 

Annette Erichsen-Andersson, PhD, associate professor, Institute of Health and Care Sciences, 
Sahlgrenska Academy, University of Goteborg, Sweden 

Henrik Malchau, MD, professor. Department of Orthopaedics, Sahlgrenska University Hospital, 
Mölndal, Sweden. 

Jan Gustén, Professor in Building Services Engineering, Chalmers University of Technology, 
Gothenburg, Sweden. 

Jonathan Moonen, MD, Department of Anaesthesiology and Intensive Care, Sahlgrenska 
University Hospital, Gothenburg, Sweden. 

Peter Grant, M.D. PhD, consultant, Department of Orthopaedics, Sahlgrenska University Hospital, 
Mölndal, Sweden. 



Effectiveness of laminar versus turbulent airflow in operating theaters, with regard to risk for postoperative surgical 
infection 2020-04-15

31 (48) 

Participants from the HTA-centrum 
Ann Liljegren, medical librarian, Medical Library, Sahlgrenska University Hospital, Gothenburg, 
Sweden 

Emil Björkander, medical librarian, Medical Library, Sahlgrenska University Hospital, 
Gothenburg, Sweden 

Lennart Jivegård, MD, Senior university lecturer, HTA-centrum, Region Västra Götaland, 
Gothenburg, Sweden 

Max Petzold, professor, HTA-centrum, Region Västra Götaland, Gothenburg, Sweden 

Mikael Svensson, professor, HTA-centrum, Region Västra Götaland, Gothenburg, Sweden 

Pernilla Rönnholm (Brown), project coordinator, Region Västra Götaland, Gothenburg, Sweden 
Therese Svanberg, medical librarian, Medical Library, Sahlgrenska University Hospital, 
Gothenburg, Sweden  

Project leader: Henrik Sjövall, MD. professor, HTA-centrum, Region Västra Götaland, 
Gothenburg, Sweden 

External reviewers 
Christian Rylander, MD, Associate Professor, Intensive Care Unit 96/CIVA, Department of 
Anaesthesia and Intensive Care Sahlgrenska University Hospital, Göteborg, Sweden 

Peter Ulleryd, Regional Medical Officer, Dept. of Communicable Disease Control and Prevention 
Region Västra Götaland, Borås, Sweden 

Declarations of interests 
Erik Houltz: None declared  
Henrik Malchau: None declared 
Jan Gustén: None declared 
Jonathan Moonen: None declared 
Peter Grant: Checks performance of operating theater ventilation including laminar flow through 
own company (PeterGrantOrtopediAB) 
Annette Erichsen-Andersson, styrelseledamot i SIS TS 39 operationrumsventilation (Svenska 
Institutet för Standarder) 

Participants from the HTA-centrum 
Ann Liljegren: None declared 
Henrik Sjövall: None declared 
Lennart Jivegård: None declared 
Max Petzold None declared 
Mikael Svensson: None declared 
Pernilla Brown: None declared 
Therese Svanberg: None declared 

Project time 
The HTA was accomplished during the period of 2017-10-02 – 2019-06-11. 
Literature searches were made in 2017-10-16 and updated 2018-05-31. 



Effectiveness of laminar versus turbulent airflow in operating theaters, with regard to risk for postoperative surgical 
infection 2020-04-15

32 (48) 

Appendix 1: Search strategy, study selection and references 

Objective 
Is the use of a laminar airflow system in operating rooms associated with a reduced risk for mortality, 
serious surgical site infection, surgical site infection or a reduced concentration of colony forming units 
in operating room air, as compared with any other type of ventilation system? 

PICO:  P= Patients, I= Intervention, C= Comparison, O=Outcome 

P1 
P2 

Orthopedic implant surgery 
Other types of surgery 

I I1: Permanently installed unidirectional vertical laminar airflow system (not UV light)  
I2: I1+ with defined and described number of air exchanges per unit time 

C Other ventilation solutions (not UV light) 
O Critical for decision making 

• Mortality
• Serious Surgical Site Infection (sSSI), implant infection, sepsis, need for revision

Important but not critical for decision making 
• Surgical site infection (SSI)
• Bacterial exposure, measured as Colony Forming Units, CFU, measured per unit

time and volume, either passively (precipitation) or actively (air sampling) during
ongoing operation

• Complications

Study design: 
- Systematic reviews (the majority of included articles will be published after 1990)
- Randomised controlled trials
- Non- Randomised controlled trials

Language: 
English, Swedish, Danish, Norwegian 

Publication date: 
1990 - 
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Selection process – flow diagram 

Records identified through database 
searching  
(n = 2658) 

l
b

l

Additional records identified 
through other sources  

(n = 44) 

Records after duplicates removed 
(n = 1733) 

Records screened by HTA 
librarians  
(n = 1733) 

Records excluded by HTA librarians. Did 
not fulfil PICO or other eligibility criteria 

(n = 1522) 

Full-text articles assessed for 
eligibility by HTA librarians 

(n = 211) 

Full-text articles excluded by HTA 
librarians, with reasons  

 (n = 146) 

21 = wrong patient/population 
36 = wrong intervention 
25  = wrong comparison 

3 = wrong outcome 
40 = wrong study design 

9 = wrong publication type 
3 = wrong language 

9 = other 

Full-text articles assessed for 
eligibility by project group  

(n = 65) 

Full-text articles excluded by project 
group, with reasons  

(n = 32 ) 

See Appendix 3 

Studies included in synthesis 
(n = 28) 

Plus 5 systematic reviews 
commented upon 

See Appendix 2 
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Search strategies  

Database: Ovid MEDLINE(R) Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid 
MEDLINE(R) 1946 to Present 
Date: 2017-10-12 
No of results: 774 
Search updated: 2018-05-31, 45 results 

# Searches Results 

1 exp infection/ 748113 

2 exp bacteria/ 1305988 

3 exp microbiological techniques/ 294919 

4 exp Air Microbiology/ 7334 

5 ((surg* or deep or severe or wound* or postoperative* or post-operative*) adj4 infection*).ab,ti. 82597 

6 (colony adj3 form*).ab,ti. 44645 

7 (SSI or CFU or sepsis or septic disease*).ab,ti. 131004 

8 (implant* and infection*).ab,ti. 23331 

9 ((air or airborne) adj4 (bacteria* or bacterium* or partic* or infection* or contamination*or count* or 
sampl*)).ab,ti. 21553 

10 ((Bacteri* or bacterium or microbi*) adj4 (contamination* or colon* or fallout* or infection* or control* or 
content* or count* or load*)).ab,ti. 123361 

11 exp reoperation/ 82597 

12 exp risk factors/ 751280 

13 (infection* adj6 risk*).ab,ti. 78949 

14 (risk factor* or reoperation* or re-operation* or revision*).ab,ti. 604908 

15 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 3261136 

16 exp Environment, Controlled/ 308633 

17 exp air pollution, indoor/ 12005 

18 (laminar* or laminated* or ultraclean* or ultra-clean* or unidirectional*).ab,ti. 32018 

19 ((Temperature* or direc*) adj4 (air* or airflow* or air-flow* or flow*)).ab,ti. 28060 

20 (LAF or UVC or TAF or aircon* or air con* or ventilation* or UDF).ab,ti. 122776 

21 16 or 17 or 18 or 19 or 20 485317 

22 exp operating rooms/ 12727 

23 ((Operat* or surg*) adj5 (department* or room* or ward* or area*)).ab,ti. 88387 

24 (theater* or theatre*).ab,ti. 11357 

25 22 or 23 or 24 104254 

26 15 and 21 and 25 1362 

27 limit 26 to ((danish or swedish or english or norwegian) and yr="1990 -Current") 822 

28 (animals not (animals and humans)).sh. 4642364 

29 27 not 28 807 

30 (comment or editorial or letter).pt. 1670464 

31 29 not 30 774 
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_________________________________________________________________________________ 
Database: PubMed  
Date: 2017-10-13 
No of results:  239 
Search updated: 2018-05-31, 90 results 

Search Query Results 

#24 Search #22 AND #23 Filters: Danish; English; Norwegian; Swedish 239 

#23 Search (pubmednotmedline[sb] OR inprocess[sb] OR publisher[sb]) Filters: Danish; English; Norwegian; 
Swedish 

3274823 

#22 Search #13 AND #17 AND #20 Filters: Danish; English; Norwegian; Swedish 1535 

#21 Search #13 AND #17 AND #20 1794 

#20 Search #18 OR #19 270246 

#19 Search theater*[tiab] or theatre*[tiab] 10804 

#18 Search (Operat*[tiab] or surg*[tiab]) AND (department*[tiab] or room*[tiab] or ward*[tiab] or 
area*[tiab]) 

261937 

#17 Search #14 OR #15 OR #16 268210 

#16 Search LAF[tiab] or UVC[tiab] or TAF[tiab] or aircon*[tiab] or air cond*[tiab] or ventilation*[tiab] or 
UDF[tiab] 

110552 

#15 Search (Temperature*[tiab] or direc*[tiab]) AND (air*[tiab] or airflow*[tiab] or air-flow*[tiab] or 
flow*[tiab]) 

132925 

#14 Search laminar*[tiab] or laminated*[tiab] or ultraclean*[tiab] or ultra-clean*[tiab] or unidirectional*[tiab] 30137 

#13 Search #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 1352089 

#12 Search risk factor*[tiab] or reoperation*[tiab] or re-operation*[tiab] or revision*[tiab] 567293 

#11 Search (infection*[tiab]) AND (risk*[tiab]) 193645 

#10 Search (Bacteri*[tiab] or bacterium[tiab] or microbi*[tiab]) AND (contamination*[tiab] or colon*[tiab] or 
fallout*[tiab] or infection*[tiab] or control*[tiab] or content*[tiab] or count*[tiab]) 

367254 

#9 Search (air[tiab] or airborne[tiab]) AND (bacteria*[tiab] or bacterium*[tiab] or partic*[tiab] or 
infection*[tiab] or contamination*[tiab] or count*[tiab] or sampl*[tiab]) 

76824 

#8 Search (implant*[tiab]) and (infection*[tiab]) 21928 

#7 Search SSI[tiab] or CFU[tiab] or sepsis[tiab] or septic disease*[tiab] 123986 

#6 Search (colony[tiab]) AND (form*[tiab]) 26045 

#5 Search (surg*[tiab] or deep[tiab] or severe[tiab] or wound*[tiab] or postoperative*[tiab] or post-
operative*[tiab]) AND (infection*[tiab]) 

226200 

_________________________________________________________________________________ 

https://www.ncbi.nlm.nih.gov/pubmed/advanced
https://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=24
https://www.ncbi.nlm.nih.gov/pubmed/advanced
https://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=23
https://www.ncbi.nlm.nih.gov/pubmed/advanced
https://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=22
https://www.ncbi.nlm.nih.gov/pubmed/advanced
https://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=21
https://www.ncbi.nlm.nih.gov/pubmed/advanced
https://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=20
https://www.ncbi.nlm.nih.gov/pubmed/advanced
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Database: Embase 1974 to 2017 October 11 (OVD) 
Date: 2017-10-12 
No of results: 790 
Search updated: 2018-05-31, 56 results 

# Searches Results 

1 exp infection/ 3035985 

2 exp colony forming unit/ 34301 

3 exp Airborne particle/ 6847 

4 exp airborne bacterium/ 465 

5 exp bacterial count/ 26943 

6 exp microbial contamination/ 23394 

7 ((surg* or deep or severe or wound* or postoperative* or post-operative*) adj4 infection*).ab,ti. 106049 

8 (colony adj3 form*).ab,ti. 53054 

9 (SSI or CFU or sepsis or septic disease*).ab,ti. 173982 

10 (implant* and infection*).ab,ti. 30760 

11 ((air or airborne) adj4 (bacteria* or bacterium* or partic* or infection* or contamination*or count* or 
sampl*)).ab,ti. 28787 

12 ((Bacteri* or bacterium or microbi*) adj4 (contamination* or colon* or fallout* or infection* or control* or 
content* or count* or load*)).ab,ti. 149473 

13 exp reoperation/ 68459 

14 exp risk factor/ 840749 

15 exp infection risk/ 72939 

16 (infection* adj6 risk*).ab,ti. 100084 

17 (risk factor* or reoperation* or re-operation* or revision*).ab,ti. 807034 

18 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 4299229 

19 exp air conditioning/ 22713 

20 exp laminar airflow/ 872 

21 exp room ventilation/ 1441 

22 exp indoor air pollution/ 12290 

23 (laminar* or laminated* or ultraclean* or ultra-clean* or unidirectional*).ab,ti. 34384 

24 ((Temperature* or direc*) adj4 (air* or airflow* or air-flow* or flow*)).ab,ti. 32964 

25 (LAF or UVC or TAF or aircon* or air con* or ventilation* or UDF).ab,ti. 164691 

26 19 or 20 or 21 or 22 or 23 or 24 or 25 244335 

27 exp operating room/ 29978 

28 ((Operat* or surg*) adj5 (department* or room* or ward* or area*)).ab,ti. 115061 

29 (theater* or theatre*).ab,ti. 16890 

30 27 or 28 or 29 139561 

31 18 and 26 and 30 1647 

32 limit 31 to ((danish or english or norwegian or swedish) and yr="1990 -Current") 1162 

33 (animal not (animal and human)).sh. 1382292 

34 32 not 33 1162 

35 limit 34 to (article or conference paper or note or "review") 790 
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Database: The Cochrane Library 
Date: 2017-10-16 
No of results: 300 
Cochrane Reviews (30) 
Other Reviews (0) 
Trials (266) 
Methods Studies (0) 
Technology Assessments (4) 
Economic Evaluations (0) 
Cochrane Groups (0)
Search updated: 2018-05-31, 19 results 

ID Search Hits 

#1 MeSH descriptor: [Infection] explode all trees 20729 

#2 MeSH descriptor: [Bacteria] explode all trees 12643 

#3 MeSH descriptor: [Microbiological Techniques] explode all trees 5699 

#4 MeSH descriptor: [Air Microbiology] explode all trees 69 

#5 
(surg* or deep or severe or wound* or postoperative* or post-operative*) and (infection*):ti,ab,kw  (Word 
variations have been searched) 22376 

#6 (colony and form*):ti,ab,kw  (Word variations have been searched) 1927 

#7 SSI or CFU or sepsis or septic disease*:ti,ab,kw  (Word variations have been searched) 9639 

#8 implant* and infection*:ti,ab,kw  (Word variations have been searched) 1504 

#9 
(air or airborne) and (bacteria* or bacterium* or partic* or infection* or contamination*or count* or 
sampl*):ti,ab,kw  (Word variations have been searched) 3012 

#10 
(Bacteri* or bacterium or microbi*) and (contamination* or colon* or fallout* or infection* or control* or 
content* or count*):ti,ab,kw  (Word variations have been searched) 30524 

#11 MeSH descriptor: [Reoperation] explode all trees 1960 

#12 MeSH descriptor: [Risk Factors] explode all trees 25050 

#13 infection* and risk*:ti,ab,kw  (Word variations have been searched) 19068 

#14 risk factor* or reoperation* or re-operation* or revision*:ti,ab,kw  (Word variations have been searched) 74692 

#15 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 141914 

#16 MeSH descriptor: [Environment, Controlled] explode all trees 2690 

#17 MeSH descriptor: [Air Pollution, Indoor] explode all trees 173 

#18 
laminar* or laminated* or ultraclean* or ultra-clean* or unidirectional*:ti,ab,kw  (Word variations have 
been searched) 459 

#19 
(Temperature* or direc*) and (air* or airflow* or air-flow* or flow*):ti,ab,kw  (Word variations have been 
searched) 5609 

#20 
LAF or UVC or TAF or aircon* or air con* or ventilation* or UDF:ti,ab,kw  (Word variations have been 
searched) 23542 

#21 #16 or #17 or #18 or #19 or #20 29887 

#22 MeSH descriptor: [Operating Rooms] explode all trees 250 

#23 
(Operat* or surg*) and (department* or room* or ward* or area*):ti,ab,kw  (Word variations have been 
searched) 19444 

#24 theater* or theatre*:ti,ab,kw  (Word variations have been searched) 793 

#25 #22 or #23 or #24 19911 

#26 #15 and #21 and #25 Publication Year from 1990 to 2017 300 
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Database: CINAHL (EBSCO) 
Date: 2017-10-13 
No of results:  311 
Search updated: 2018-05-31, 34 results 

# Query Results 

S30 S17 AND S23 AND S27 

Publiceringsdatum: 19900101-20171231;  

Språk: Danish, English, Norwegian, Swedish 

311 

S30 S17 AND S23 AND S27 311 

S29 S17 AND S23 AND S27 318 

S28 S17 AND S23 AND S27 325 

S27 S24 OR S25 OR S26 19,558 

S26 TI ( theater* or theatre* ) OR AB ( theater* or theatre* ) 3,192 

S25 TI ( (Operat* or surg*) N5 (department* or room* or ward* or area*) ) OR AB ( (Operat* or surg*) N5 
(department* or room* or ward* or area*) ) 

12,430 

S24 (MH "Operating Rooms") 5,909 

S23 S18 OR S19 OR S20 OR S21 OR S22 33,557 

S22 TI ( LAF or UVC or TAF or aircon* or air con* or ventilation* or UDF ) OR AB ( LAF or UVC or TAF or aircon* or 
air con* or ventilation* or UDF ) 

25,214 

S21 TI ( (Temperature* or direc*) N4 (air* or airflow* or air-flow* or flow*) ) OR AB ( (Temperature* or direc*) 
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The web-sites of SBU and Kunnskapssenteret were visited 
2017-10-11 
Nothing relevant to the question at issue was found 

Reference lists 
A comprehensive review of reference lists brought 44 new records 
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 Appendix 2: Included studies 

Agarwal,2017 
U.K. 

Cohort 4 years  I= laminar flow 
C = no laminar 
flow 

I = 85 
C= 74 
Matched 
controls 

84,8 (I) 
85,1 (C) 

25/60 (I) 
22/52 (C) 

Mortality 
Infection 
Readmission 
LOS 

Agodi, 2015 
Italy 

Cohort 1 year 
14 hospitals 
28 
operating 
theatres 

I= laminar flow (U-
OT) 
C= turbulent flow 

528 

245 

Not stated Not stated CFU (room air) 

Alsved, 2018 
Sweden 

Cohort I = laminar flow 
C = turbulent flow 

15 
15 

Not stated Not stated CFU (room air) 

Andersen, 
1998 
Norway 

Cohort 14 days I = laminar flow 
(cardiac surgery) 
C = turbulent flow 
(urology) 

11 

25 

Not stated Not stated CFU (room air) 

Birgand 2015, 
France 

Cohort Not stated I=unidirectional 
flow 
C=turbulent flow 

25 

35 

Not stated Not stated Comparison 
between 
particles and 
CFU 

Bosanquet, 
2013 
U.K. 

Cohort 1 year I = laminar flow 
C = non laminar 

56 
114 

64,8 
69,1 

76/38 
33/23 

SSI 
(superficial+dee
p) 
Retrospective 
analysis, 
vascular surgery 

Brandt, 2008 
Germany 

Cohort 4 years 
55 hospitals 
63 ORs 

I = laminar airflow 
ventilated 
C = turbulent 
ventilated 

62130 

37100 

Not stated Not stated SSI+ serious SSI
6 operation 
types 
Retrospective 
register. 

Breier, 2011 
Germany 

Cohort 5 years I = laminar airflow 
ventilated 
C = turbulent 
ventilated 

61 766 

50144 

Not clearly 
stated 

Not clearly 
stated 

Serious SSI 
Study in 3 
separate parts 

Dale H, 2009 
Norway 

Cohort 19 years I = laminar air flow  
C = ordinary 

45620 

48338 

Median 70-
79 

m/f 30/70 Revision due to 
infection, 
retrospective 
register study 

Diab-
Elschahawi, 
2011 
Austria 

Cohort N/A I = laminar air flow 
(large or small 
surface area) 
C = no LAF 

40 
(21, 
19) 

40 

Not stated Not stated CFU (bacterial 
sedimentation) 

Erichsen-
Andersson, 
2014 
Sweden 

Cohort 8 months I = laminar 
ventilation  
C = displacement 

33 

30 

Not stated Not stated CFU (room air) 

Author, 
Year, 
Country 

Study 
Design 

Study 
Duration 
(years) 

Study Groups; 
Intervention vs 
control 

Patients 
(n) 

Mean 
Age 

(years) 

Gender 
(M/F) 

Outcome 
variables 
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Fischer, 2015 
Germany 

Cohort, 
before -after 

6 years I = unidirectional 
displacement 
ventilation (UDF) 

C = turbulent mixing 
ventilation 

138 

1148 

Not stated Not stated CFU / m3 
Authors state 
that UDF is not 
equivalent to 
LAF. 
PICO 
violation?? 

Hooper, 2011 
New Zealand 

Cohort 10 years I = laminar flow 
C = conventional 
ventilation 

Not clearly 
stated 

Not stated Not stated Serious SSI 
(need for 
revision) 

Jeong, 2013 
S. Korea

Cohort 15 months I= laminar air flow 
C=turbulent air flow 

1919 

172 

median 59 Not stated 
for 
compared 
groups 

Risk for SSI 
(NNIS 
definition) 

Kakwani, 
2007 
U.K. 

Cohort 4 years I= laminar airflow 
C = non laminar 

212 

223 

84.8 years 

84.0 years 

Not stated 
for 
compared 
groups. 
Totally 96 
males, 337 
females 

Revision within 
1 year 

Kelly, 1996 
U.K. 

Cohort, 
before - after 

2 x 3months I = Laminar flow 
C= Non-laminar flow 

I = 8501 
143 

Not stated Not stated Infections 
(defined) within 
1 month 

Knobben, 
2006 
The 
Netherlands 

Cohort 2 years 6 
months 

I = laminar flow 
C = Conventional 
airflow 

70 
67 

Not stated Not stated SSI, deep SSI, 
swabs from 
instruments and 
bone chips 

Namba, 2012 
USA 

Cohort (hip) 8 years 9 
months 

C = other airflow 
I = laminar airflow 

30 491 65,5 43 Deep SSI within 
one year 

Namba, 2013 
USA 

Cohort (knee) 8 years 9 
months 

C = other airflow 
I = laminar airflow 

52 216 67,4 37 Deep SSI within 
one year 

Oguz, 2017 
Austria 

Cohort 
(randomized 
for additional 
external 
heating 
blanket or 
not) 

I = laminar flow 

C = no laminar flow 

20 with, 20 
without 
blanket 
20 with, 20 
without 
blanket 

42;36 

48;35 

10/10; 16;6 

12/8;7/13 

CFU 
(sedimentation) 

Pedersen, 
2010 
Denmark 

Cohort 13 years I = laminar airflow 
ventilation 
C = conventional 
ventilation 

72423 

8333 

Median 70 -
79 

42 Time to failure 
(= time to first 
revision) 

Pinder, 2016, 
U.K. 

Cohort + 
before-and-
after 

5 years I = laminar flow 
ventilation 

C = plenum 
ventilation 

507024 

81509 

0-44 years:
36.4%
45-64 years:
16.3%
65+: 47.3%

0-44 years:
36.4%
45-64 years:
16.3%
65+: 47.3%

M: 44.2% 
F: 55.8% 

M: 44.1% 
F: 55.9% 

Infections(SS190 
codes stated) 90 
days after 
surgery 

Simsek-
Yavuz, 2006 
Turkey 

Cohort 5 months I = newer OR with 
laminar airflow 
ventilation 

C = older OR without 
LAF 

546 

445 

Not stated 
for 
compared 
groups 

Not stated 
for 
compared 
groups 

SSI (NNIS 
codes) 
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Singh, 2017 
U.K. 

Cohort 10 years 6 
months 

I = hospital with LAF 

C = hospital without 
LAF 

3986 

6837 

Median 70 

Median 71 
years 

M: 38.5% 
F: &1.5% 

M: 38.4% 
F: 61.6% 

SSI or need for 
revision 

Song, 2012 
S. Korea

Cohort 3 years I = Hepa filtered 
laminar flow 

C = HEPA filtered 
turbulent air flow 

4188 

2086 

Not stated 
for 
compared 
groups 

Not stated 
for 
compared 
groups 

SSI 

Stather 
U.K. 

Cohort I = laminar flow 
ventilation 
(orthopedic surgery) 

C = conventional 
plenum ventilation 
(vascular surgery) 

24 

21 

75 years 

73 years 

Not stated CFU (cultures) 

Tayton, 2016 
New Zealand. 

Cohort 13 years I = laminar air flow 

C = Conventional air 
flow 

27663 

36903 

Not stated 
for 
compared 
groups 

Not stated 
for 
compared 
groups 

Revision 6 
months and 12 
months after 
surgery 

Van 
Griethuysen 
1996, 
The 
Netherlands 

Cohort 10 months 
+ 10
months

I = laminar air flow 

C = conventional air 
flow 

2935 

2905 

Not stated Not stated SSI , deep SSI, 
bacterial cultures
(CFU). Follow 
up 1 year for 
prostheses, 1 
month for other 
groups 
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Appendix 3: Excluded studies 
Agarwal 2007  HTA Exclude (SR, majority of included articles published before 1990) 
Ahl 1995 Exclude (wrong intervention, horizontal ventilation) 
Benen 2013 Exclude (wrong outcome) 
Berg 1991 Exclude (wrong intervention) 
Chidambaram 2018 Exclude (unclear intervention, probably not LAF) 
Clarke 2004 Exclude (wrong outcome) 
Evans 2011 Exclude (non-systematic review) 
Feng 2017 Exclude (unclear I and C) 
Feretti 2009 Exclude (wrong I, not vertical) 
Fitzgerald 1992 Exclude (not vertical flow) 
Friberg 2003 Exclude (mobile laminar flow) 
Graves 2016 Exclude (cost effectiveness modelling study)  Other references 
Gruenberg 2004 Exclude (wrong intervention, LAF+”space suit”) 
Hansen 2005 Exclude (wrong comparison, hospital rooms) 
Herman 1995 Exclude (wrong I) 
Kellam 2013 Exclude (wrong intervention) 
Merollini 2013 Exclude (simulering). Other references 
Miner 2007 Exclude, wrong I (both horisontal and laminar flow) 
Nilsson2010 Exclude (wrong intervention, horizontal LAF, wrong outcome) 
Pasquarella 2007 Exclude (wrong I, mobile unit+horisontal) 
Persson 1999 Wrong/unclear I (“surgical enclosure”) 
Ritter 2007 Exclude (wrong I, horizontal) 
Seal 1990 Exclude (wrong I, method evaluation) 
Singh 2011 Exclude (wrong outcome) 
Solomon 2002 Exclude (wrong outcome) 
Sossai 2011 Exclude (wrong I, mobile system) 
Stocks 2011 Exclude (wrong intervention, horisontal) 
Taylor 1993 Exclude (wrong comparison) 
Taylor 1995 Exclude (wrong comparison) 
Wan 2011 Exclude (wrong comparison) 
Young 2016 Exclude (wrong comparison) 
Zheng 2014 SR. Exclude (many studies published before 1990) 

Appendix 4: Outcome tables (see separate documents) 



* +   No or minor problems
?   Some problems 
- Major problems

Appendix 4.1.1  
Outcome variable: mortality 

Agarwal 
2017, 
United 
Kingdom 

P2 
(non-implant 
orthopaedic 
surgery) 

I3 
(LAF + volume 
flow not stated) 

Cohort with 
matched 
controls 

General 
district 
hospital 

5/85 
6.2% 

4/74 
5.2% 

1.09[0.28, 4.23] 

p=0.90 

+ + - 

Author  
year 
country 

Patient group Intervention Study type Setting Absolute effects (events/total, %) OR[CI low, CI 
high], 

p-value

D
ir

ec
tn

es
s *

 

St
ud

y 
lim

ita
tio

ns
 *

 

Pr
ec

is
io

n 
 *

 

Intervention 
(LAF) 

Control 
(Non-LAF) 



* +   No or minor problems 
?   Some problems 
- Major problems

Appendix 4.1.2. 
Outcome variable: Serious surgical site infection 

Implant orthopaedics (hip or knee) 
Brandt 2008 
Germany 

P1 
(Hip implant) 

I3 
(air changes not 
described) 

Cohort National 
registry 

242/17657 
1.37% 

99/10966 
0.90% 

OR=1.53[1.21, 1.93] 

p<0.0001 

+ - + 

Brandt 2008 P1  
(Knee implant) 

I3 
(air changes not 
described) 

Cohort National 
registry 

55/5993 
0.92% 

22/3403 
0.65% 

OR=1.42[0.87, 2.34] 
n.s.

Breier 2011 
Germany 

P1 
(Hip surgery, 
arthrosis) 

I2 
(air changes 
described) 

Cohort National 
registry 

356/29530 
0.85% 

77/11682 
0.50% 

OR= 1.84[1.44, 2.36] 
p<0.0001 

+ - + 

Breier 2011 
Germany 

P1 
(Hip surgery, 
fracture) 

I2 
(air changes 
described) 

Cohort National 
registry 

160/6513 
2.46% 

25/1236 
2.02% 

OR: 1.28 [0.67, 2.43] 
n.s.

+ - + 

Breier 2011 
Germany 

P1 
(Knee surgery) 

I2 
(air changes 
described) 

Cohort National 
registry 

93/14456 
0.64% 

36/6098 
0.59% 

OR: 1.09 [0.74, 1.60] 
n.s.

+ - + 

Dale 2009 
Norway 

P1 
(Hip surgery) 

I2 
(air changes 
described) 

Cohort National 
registry 

324/45620 
0.71% 

260/48338 
0.54% 

OR=1.32[1.12, 1.56] 
P=0.006 

+ - + 

Hooper 2011 
New Zealand 

P1 
(Hip surgery) 

I3 
(air changes not 
described) 

Cohort National 
registry 

25/16990 
0.15% 

21/34495 
0.061% 

OR=4.03[0.23, 69.2] 
n.s.

+ ? + 

Hooper 2011 
New Zealand 

P1 
(Knee surgery) 

I3 
(air changes not 
described) 

Cohort National 
registry 

27/13994 
0.19% 

23/22832 
0.101% 

OR=1.92[1.10, 3.34] 
p<0.001 

Author  
year 
country 

Patient group Intervention Study type Setting Absolute effects (events/total, %) OR[95% CI], 

p-value

D
ir

ec
tn

es
s *

 

St
ud

y 
lim

ita
tio

ns
 *

 

Pr
ec

is
io

n 
 *

 

Intervention 
(LAF) 

Control 
(Non-LAF) 



 *  +   No or minor problems  
    ?   Some problems 
    -   Major problems 

Kakwani 2007 
Hip 

P1 
(Hip surgery) 

I3 
(air changes not 
described) 

Cohort, 
before-and-
after 

District 
general 
hospital 

0/212 
0% 
 
 

9/223 
4.04% 

OR=0.05[0.00, 0.92] 
p=0.04 

+ ? 
 
 

- 
 
 

Knobben 2006 
Hip 

P1 
(Hip surgery) 

I3 
(air changes not 
described) 

Cohort, 
before-and-
after 

University 
hospital 

1/70 
1.43% 
 

3/67 
4.48% 

OR=0.31[0.03, 3.05] 
n.s. 

+ ? - 
 

Nambda 2012 
USA 

P1 
(Hip surgery) 

I3 
(air changes not 
described) 

Cohort Multicentre 
registry 

46/8478 
0.54% 
 

109/22013 
0.50% 

OR=1.10[0.78, 1.15] 
n.s. 

+ ? 
 

? 
 

Nambda 2013 
USA  

P1 
(Knee surgery) 

I3 
(air changes not 
described) 

Cohort Multicentre 
registry 

105/16693 
0.63% 
 

299/39523 
0.76% 

OR=0.83[0.68, 1.08] 
n.s. 

+ ? 
 
 

+ 

Pedersen 2010 
Denmark 

P1 
(Hip surgery) 

I3 
(air changes not 
described) 

Cohort National 
registry 

517/72423 
0.71% 

80/8333 
0.96% 

OR=0.74[0.59, 0.94] 
 
p=0.01 

+ ? 
 

+ 

Singh 2017  
United 
Kingdom 

P1 
(Hip surgery) 

I3 
(air changes not 
described) 

Cohort General 
district 
hospital 

5/1752 
0.29% 
 

12/3163 
0.38% 

ORn=0.75[0.26, 2.14] 
n.s. 
 

+ - 
 
 

- 
 

Singh 2017 
United 
Kingdom 

P1 
(Knee surgery) 

I3 
(air changes not 
described) 

Cohort General 
district 
hospital 

16/2234 
0.72% 
 

19/3674 
0.52% 

OR=1.39[0.71, 2.70] 
n.s. 

+ - 
 

+ 

Taynton 2016 
New Zealand 

P1 
(Knee surgery) 

I3 
(air changes not 
described) 

Cohort General 
district and 
university 
hospitals 

64/27663 
0.23% 
 
  

 6 mo data: 42/36903 
0.11% 

OR=2.04[1.38, 3.00] 
p<0.001 

+ - 
 

 

+ 

Van 
Grietshuysen 
1996 Holland 

P1 
(Hip surgery) 

I3 (air changes 
not described) 

Cohort Teaching 
hospital 

1/139 1/135 OR=0.97[0.06, 15.68] 
n.s. 

- 
 

- 
 

- 
 

Van 
Grietshuysen 
1996 Knee 

P1 
(Knee surgery) 

I3 (air changes 
not described) 

Cohort Teaching 
hospital 

0/113 
0% 

0/88 
0% 

Not estimable - 
 

- 
 

- 
 

  



* +   No or minor problems 
?   Some problems 
- Major problems

Other orthopedic 
Agarwal 2017 
United 
Kingdom 

P2  
(trauma 
surgery, 
proximal femur 
fracture) 

I3 
(air changes not 
describexd) 

Cohort General 
district 
hospital 

1/85 
1.18% 

0/74 
0% 

OR=2.64[0.11, 65.9] 
n.s.

+ + - 

Kelly 1996 
United 
Kingdom 

P2 
(mixed 
orthopaedic) 

I3 
(air changes not 
describexd) 

Cohort General 
district 
hospital 

17/851 
2.00% 

0/143 
0% 

OR=6.02[0.36, 
100.64] 
n.s.

+ - ? 

Pinder EM 
2016, United 
Kingdom 

P2 
(orthopaedic 
trauma) 

I3 
(air changes not 
described) 

Cohort National 
registry, 
hospital 
episodes 

13690/507024 
2.70% 

1956/81509 
2.40% 

OR=1.13[1.08, 1.18] 

P<0.0001 

+ + + 

GI/vascular/mixed 

Bosanquet 2013   
United 
Kingdom   

P2 
(vascular) 

I3 
(air changes not 
describexd) 

Cohort District 
hospital, one 
surgeon 

4/56 
7.14% 

8/114 
7.02% 

OR=1.02[0.29, 3.54] 
n.s.

+ - + 

Brandt 2008     
Germany 

P2 
(mixed GI) 

I3 
(air changes not 
describexd) 

Cohort National 
registry 

413/38480 
1.07% 

178/22731 
0.78% 

OR=1.37[1.15, 1.64] 

p<0.001 

+ - + 

Simsek Yavuz 
2006 Turkey 

P2 
(cardiac 
surgery, 
sternotomy) 

I3 
(air changes not 
describexd) 

Cohort General 
district 

25/546 
4.58% 

26/445 
5.62% 

OR=0.77[0.44, 1.36] 
n.s.

? ? + 

Van 
Griethuysen 
1996 Holland 

P2 
(general 
surgery) 

I3 
(air changes not 
describexd) 

Cohort Teaching 
hospital 

35/1891 
1.85% 

28/1909 
1.47% 

OR=1.27[0.77, 2.09] 
n.s.

? - +



* +   No or minor problems
?   Some problems 
- Major problems

Appendix 4.1.3.  
Surgical site infection 

4.1.3. Outcome surgical site infection 

Orthopedic implant surgery 

Brandt 2008 
Germany 

P1 
(Hip implant) 

I3 
(air changes not 
described) 

Cohort National 
registry 

326/17657 
1.86% 

144/10966 
1.31% 

OR=1.41[1.16, 1.72] 

p <0.001 

+ - + 

Brandt 2008 
Knee 

P1  
(Knee implant) 

I3 
(air changes not 
described) 

Cohort National 
registry 

80/5993 

1.33% 

28/3403 

0.82% 

OR=1.63[1.06, 3.51] 

p=0.03 

+ - + 

Song KH 
2012, S. Korea 

P1 
(Hip implant) 

I3 
(air changes not 
described) 

Cohort National 
registry 

50/2037 
2.45% 

20/1149 
1.74% 

OR=1.42[0.84, 2.41] 
n.s.

+ ? + 

Song KH 
2012, S. Korea 

P1  
(Knee implant) 

I3 
(air changes not 
described) 

Cohort National 
registry 

37/2151 
1.72% 

29/937 
3.09% 

OR=0.55[0.33, 0.90] 

p=0.02 

+ ? + 

Other orthopedic 

Kelly 1996     
United 
Kingdom 

P2 
(mixed 
orthopaedic) 

I3 
(air changes not 
describexd) 

Cohort General 
district 
hospital 

47/851 
5.52% 

6/143 
4.2% 

OR=1.33[0.56, 3.18] 
n.s.

+ - ? 

Van 
Grietshuysen 
1996 Holland 

P2 
(mixed 
orthopaedic) 

I3 
(air changes not 
described) 

Cohort Teaching 
hospital 

13/823 
1.58% 

10/873 
1.15% 

OR=1.39[0.60, 3.18] 
n.s.

+ ? ? 

Author  
year 
country 

Patient group Intervention Study type Setting Absolute effects (events/total, %) OR[CI low, CI 
high], 

p-value

D
ir

ec
tn

es
s *

 

St
ud

y 
lim

ita
tio

ns
 *

 

Pr
ec

is
io

n 
 *

 

Intervention 
(LAF) 

Control 
(Non-LAF) 



  *  +   No or minor problems  
    ?   Some problems 
    -   Major problems 

GI/vascular/mixed 

Bosanquet 
2013   United 
Kingdom   

P2  
(vascular) 

I3 
(air changes not 
describexd) 

Cohort District 
hospital, one 
surgeon 

4/56 
7.14% 
 
 

19/114 
16.7% 

OR=0.38[0.12, 1.19] 
n.s. 

+ - 
 

+ 

Brandt 2008      
Germany 
 

P2  
(mixed GI) 

I3 
(air changes not 
describexd) 

Cohort National 
registry 

486/38480 
1.26% 

246/22731 
1.08% 

OR=1,17[1.00, 1.36] 
 
p=0.05 

+ - 
 

+ 

Jeong 2013 
Korea 

P2 
(gastric surgery) 

I2 
(air changes 
described) 

Cohort 10 hospitals 
in Korea 

45/1919 
2.1% 
 

26/172 
15.1% 

OR=0.13[0.08, 0.22] 
 
p <0.0001 

+ - 
 

? 
 

Simsek Yavuz 
2006 Turkey 

P2  
(cardiac surgery, 
sternotomy) 

I3 
(air changes not 
describexd) 

Cohort General 
district 

11/546 
2.01% 
 

30/415 
7.23% 

OR=0.26[0.13, 0.53] 
 
p<0.001 

? 
 

? 
 

+ 

Van 
Griethuysen 
1996 Holland 

P2  
(general surgery) 

I3 
(air changes not 
describexd) 

Cohort Teaching 
hospital 

64/2935 
2.18% 
 
 

70/2905 
2.41% 

OR=0.90[0.64, 1.27] 
n.s. 

? 
 

- 
 

+ 
 

 



Appendix 4.1.4.  

Outcome variable:CFU/m3 in room air 

Author  

year 

country 

Patient 
group 

Intervention Study 
type 

Setting Mean CFUs/m3 +/- SD Mean difference 
[95% CI, 

p-value

Di
re

ct
ne

ss
 *

 

St
ud

y 
lim

ita
tio

ns
 *

 

Pr
ec

is
io

n 
 *

 Intervention 

(LAF) 

Control 

(Non-LAF) 

Orthopedic implant surgery 

Agodi 2015 
Hip 

Italy 

Elective hip 
prothesis 

LAF vs No 
LAF 

Cohort 14 “hospitals” 23 +/- 33 58 +/-39 MD = -35[-48, -22] 

p <0.0001 

+ - + 

Agodi 2015 
knee 

Italy 

Elective knee 
prothesis 

LAF vs No 
LAF 

Cohort 14 “hospitals” 20+/-37 70+/-56 MD = -51 [-77, -24] 

p <0.0001 

+ - + 

Erichsen 
Andersson 
2014 

Sweden 

Orthopedic 
trauma 
implants 

LAF vs No 
LAF 

Cohort University 
Hospital 

5 +/- 5 60  +/- 56 MD = -55 [-78, -32] 

p <0.0001 

+ ? + 

* +   No or minor problems
?   Some problems 
- Major problems



Other types of surgery 

Alsved 2018 

Sweden 

Wrist 
fractures, 
shoulder 
arthroscopies
, hip fracture 
dislocations 

LAF vs No 
LAF 

Cohort Hospital 
“acute care” 

0 +/- 10 22 +/- 25 MD = -22 [-28, -16] 

p <0.0001 

+ - ? 

Andersen 
1998 

Norway 

Cardiothoraci
c and 
urological 

LAF vs No 
LAF 

Cohort University 
Hospital 

2 +/- 1 45+/-15 MD = -43 [-49, -37] 

p <0.0001 

- - -



Appendix 4.1.5 

Outcome variable: Passive bacterial sampling 

Author  

year 

country 

Patient group Intervention Study 
type 

Set
ting 

Mode of 
sampling,unit 

Intervention 

Di
re

ct
ne

ss
 

St
ud

y 
lim

ita
tio

ns
 *

 

Pr
ec

is
io

n 
 *

 

LAF Non-LAF 

Orthopedic implant surgery 

Knobben 
2006 

Netherlands 

Knee or hip 
implants 

LAF vs 
turbulent 
ventilation 

Cohort 
(before-
and-
after) 

University 
Hospital 

Swabs from 
used+unused 
instruments, removed 
bone 

“% contaminated” 
(definition not stated) 

Instrument (early): 4/70 

Instrument (late): 3/70 

p =0.001 

Instrument (early): 20/67 

Instrument (late): 9/67 

+ + - 

Other types of surgery 

Birgand 2015 

France 

Cardiac (n=26) 
and 
orthopaedic 
(n=34) 

LAF versus 
turbulent 
ventilation 

cohort 5 
university 

+ 5 private
hospitals

Pads from operating 
wound 

CFU/m2 

0 CFU/m2: 19 

1-10 CFU/m2: 6

>10 CFU/m2: 0

p=0.01

0 CFU/m2: 14 

1-10 CFU/m2: 15

>10 CFU/m2: 6

? - + 

* +   No or minor problems
?   Some problems 
- Major problems



Diab-
Elschahawi 
2011 

Various 
orthopedic 

LAF of 
different 
sizes, No 
LAF 

cohort 2137 bed 
tertiary 
care 
hospital 

Sedimentation 
sampling (agar plates 
around patient) 

CFU/m2*hr mean+/- SD 

Large LAF roof data: 

100 cm above floor: 452+/-710 

150 cm above floor: 19+/-62 

120 cm above floor, right side of 
patient:97+/-182 

On instrument table: 48+/-153* 

*= p<0.001 

1992+/-1258 

1536+/-1789 

1178+/-1153 

2159+/-1337 

+ - - 

Fischer 2015 

Germany 

Not stated LAF vs 
turbulent 

Cohort, 
before-
and-
after 

Not stated Sedimentation plates 
on instrument table 

CFU/h 

0.3+/-0.7 

p<0.05 

5+/-5.3 - - + 

Oguz 2017 

Austria 

“Minor 
orthopaedics” 

LAF versus 
turbulent 
ventilation 

Cohort 
(random
ized for 
blanket 
warmin
g or not) 

University 
Hospital 

4 agar plates and 2 
nitrocellulose 
membranes on 
instrumentation table 

OR (CI) for bacterial 
deposition 

All LAF theaters relative OR=1.00 
(set as reference) 

p <_0.05 

Plate 1 (floor): 2.42(1.00-5.83) 

Plate 2 (at head of patient: 
3.70(2.05-6.67) 

Plate 3 (150 cm at head): 
3.48(1.61-7.51) 

Plate 4 (table level, 50 cm 
from wound): 5.10(2.59-
10.06) 

Plate 5 and 6: at sterile 
instrumentation table): 
2.18(1.13-4.20) 

- - ? 

Stather 2017 

UK 

Orthopedic 
implant and 
vascular graft 
surgery 

LAF versus 
turbulent 
ventilation 

Cohort 
(also 
differen
t types 
of 
surgery 
in 
groups) 

General 
district 

“Bacterial fallout” with 
10 agar settle plates at 
various positions 

Counts/plate, median 
and IQR 

Median 2, IQR 1-4 

p <0.001 

Median 17, IQR 9-24 - - -



Van 
Griethuysen1
996 

Netherlands 

General + 
orthopaedic 
surgery 

Howorth 
system/do
wnflow vs 
no 
ventilation/
inlet clean 
air/downflo
w 

Cohort, 
before-
and-
after 

Teaching 
hospital 

Microorganisms 
isolated from wound 
infections   

Orthopedic surgery: 13 

General surgery: 

64 

n.s.

Orthopedic surgery: 10 

General surgery: 

70 

- - -



Innehållsdeklaration 

Denna HTA-rapport är baserad på följande moment: 

Metodbeskrivning 

PICO 

Uttömmande litteratursökning 

Flödesschema 

Urval relevans 

Kvalitetsgranskning 

Tabelldata 

Sammanvägning av resultat 

Metaanalys 

Evidensgradering enligt GRADE 

Sammanfattning 

Ekonomi 

Organisation 

Etik 

Pågående studier 

Exkluderade artiklar 

Expertgrupp deltar 

Extern granskning 

Kunskapsluckor identifierade 

Jävsdeklaration inhämtad från projektdeltagarna 
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HTA 
Health technology assessment (HTA) is the systematic 
evaluation of properties, effects, and/or impacts of health 
care technologies, i.e. interventions that may be used to 
promote health, to prevent, diagnose or treat disease or for 
rehabilitation or long-term care. It may address the direct, 
intended consequences of technologies as well as their 
indirect, unintended consequences. Its main purpose is to 
inform technology-related policymaking in health care.  
 
 
 

 
To evaluate the certainty of evidence the Centre of Health Technology Assessment in Region Västra Götaland is 
currently using the GRADE system, which has been developed by a widely representative group of international 
guideline developers.  According to GRADE the level of evidence is graded in four categories: 
 
High certainty of evidence  = (GRADE⊕⊕⊕⊕ )   
Moderate certainty of evidence = (GRADE ⊕⊕⊕O) 
Low certainty of evidence = (GRADE ⊕⊕OO)   
Very low certainty of evidence = (GRADE ⊕OOO)   
 
In GRADE there is also a system to rate the strength of recommendation of a technology as either “strong” or 
“weak”. This is presently not used by the Centre of Health Technology Assessment in Region Västra Götaland. 
However, the assessments still offer some guidance to decision makers in the health care system. If the level of 
evidence of a positive effect of a technology is of high or moderate quality it most probably qualifies to be used in 
routine medical care. If the level of evidence is of low quality the use of the technology may be motivated 
provided there is an acceptable balance between benefits and risks, cost-effectiveness and ethical considerations. 
Promising technologies, but a very low quality of evidence, motivate further research but should not be used in 
everyday routine clinical work. 
 

 
Christina Bergh 
Professor, MD 
Head of HTA-centrum 

 

 

Region Västra Götaland, HTA-centrum 
Health Technology Assessment 
Regional activity-based HTA 
  
 
 
 
 
 



 

   

From operations or activity/management:
Question 

Clinic-based
HTA 

• Training
• Search, sort, and    
select process
• Advice, help, 
assistance
• Feedback

Support processQuality assurance
process

Main process

External
review

Summarized
assessment

Quality assured decision rationale

Formally
designated
group for 

quality assurance
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Revidering av rapport Laminärflödesventilation  


Vi publicerar härmed en reviderad HTA rapport avseende Laminärflöde. Skälen till revisionen är 
dels några smärre korrektioner och dels att några av författarna (Grant, Gustén, Malchau och 
Erichsen Andersson) velat utforma Etik- och Diskussionsdelen annorlunda.  
 
Vi har löst detta på följande sätt: 
En gemensam rapport publiceras avseende i stort sett hela rapporten inklusive resultat, 
konklusioner och sammanfattningar. Däremot publiceras två olika Etik- och Diskussions-avsnitt, 
ett från HTA centrum (Björkander, Jivegård, Liljegren, Petzold, Svanberg, Svensson, Sjövall) 
och delar av projektgruppen (Houltz, Moonen) och ett från Grant, Gustén, Malchau och Erichsen 
Andersson i projektgruppen.  Kvalitetssäkringsgruppen i VGR har godkänt förfarandet med två 
olika Etik- och Diskussionsdelar enligt ovan. Kvalitetssäkringsgruppen i VGR har vidare 
granskat och godkänt den gemensamma rapportdelen och Diskussion/etikavsnittet från HTA 
centrum och delar av projektgruppen enligt ovan. Diskussion/etikavsnittet från Grant, Gusten, 
Malchau och Erichsen-Andersson är däremot ej granskat av Kvalitetssäkringsgruppen i VGR.  
 


Med vänliga hälsningar 
 


Christina Bergh 
HTA-chef  
HTA-centrum Västra Götalandsregionen 
christina.bergh@vgregion.se  



mailto:christina.bergh@vgregion.se
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