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- 3 hospital facilities
- 800,000 cases / year
- 140,000 admissions / year
- 3,200 beds



Infection prevention:

- Surveillance of nosocomial infections

- Surveillance of multi-drug resistant organisms

- Implementation of evidence-based infection prevention measures
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Agenda
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• Introduction to EbM

• Formulating a research question

• Conduct the literature search

• Critical appraisal of the evidence

→ Study designs

→ Quality assessment

→ Risk of bias

• Application of the evidence

• Case example

1 Generated with ChatGPT, 19/06/2025, prompts: laminar air
ventilation, operating theatre

1

Theory Case example



Introduction to Evidence-based
Medicine (EbM)1
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Individual observations / experiences may not reflect the reality 
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2 Generated with ChatGPT, 24/06/2025, prompts: one black swan

2



Individual observations / experiences may not reflect the reality 
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3 Generated with ChatGPT, 19/06/2025, prompts: one black
swan, many white swans

3
1 Generated with ChatGPT, 24/06/2025, prompts: one black swan

1



Most important tool in epidemiology
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• Which proportion of the reality does your individual 
observation represent?

• Strong associations between outcome (lung cancer) and 
exposition (smoking) Many observations in A

Four by four table

YES NO

YES A B

NO C D

Outcome

Exposition
YES NO

YES A B

NO C D

Lung cancer

Smoking

4 Generated with ChatGPT, 19/06/2025, prompts: 100 years old
man, birthday cake, smoking
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Evidence-based Medicine (EbM)

Sackett DL, Rosenberg WM, Gray JA, et al. Evidence based medicine: what it is and what it isn't. Bmj
1996;312(7023):71-2. doi: 10.1136/bmj.312.7023.71 [published Online First: 1996/01/13]
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• “Evidence based medicine is the conscientious, 
explicit, and judicious use of current best evidence in 
making decisions about the care of individual 
patients.”

• “The practice of evidence based medicine means 
integrating individual clinical expertise with the best 
available external clinical evidence from systematic 
research”. 

• Patients values and preferences need to be
considered

Definition according to David Sackett

EBM

Patient
Individual 

values

Research 
Best available current

evidence

Clinic
Individual clinical

expertise



Practical Approach 
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• EbM = toolbox

• EBM provides tools to identify the best possible solution for a practical problem

• Structured Approach to Problem Solving

• Steps: 

→Formulate research question

→Conduct a literature search

→Critically appraise the evidence

→Apply the evidence to the patient / case / problem

Of EbM



Case Example
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• As a hospital ventilation engineer you are consulted for the construction of a new operating 
theatre in the orthopedic department of a hospital 

→ Which ventilation system (laminar air flow / conventional turbulent ventilation) do you 
recommend based on the effect on surgical site infections (SSI)

→ Which other factors should be taken into account? 

EbM

1 Generated with ChatGPT, 19/06/2025, prompts: laminar air
ventilation, operating theatre

1



Systematic review
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• A structured, comprehensive, and reproducible method to identify, evaluate, and synthesize all 
relevant studies on a specific research question

• Follows a predefined protocol with clear inclusion/exclusion criteria

• Aims to minimize bias by using a transparent and replicable process

• Often includes both qualitative and quantitative synthesis of findings

• Steps typically include: 

→ Formulating a research question (PICO format often used)

→ Comprehensive literature search

→ Selection of studies

→ Data extraction

→ Quality assessment of included studies

→ Synthesis of results

EbM tool / results



Meta-analysis

Institute of Hygiene and Environmental Medicine 13

• A statistical technique used within a systematic review to combine the results of multiple studies

• Produces a pooled estimate of effect size (e.g., risk ratio, odds ratio)

• Increases statistical power and precision compared to individual studies

• Can explore heterogeneity between studies (e.g., via I² statistic)

• May include subgroup analyses or meta-regression to investigate sources of variation

• Results often presented using forest plots

Case example



Formulate a research question2
14



Research question
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PICO - Scheme Description

Patient Who is your patient? 
What are their conditions /clinical
characteristics or underlying diseases? 

Intervention What intervention are you planning to
implement? 

Comparison What is the alternative to your intervention
(e.g. standard care)

Outcome What do you want to achieve? What are
relevant outcomes? 

PICO

3



Research question
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PICO - Scheme Description Example

Patient Who is your patient? 
What are their conditions
/clinical characteristics or
underlying diseases? 

Adult (≥ 18 years)

Intervention What intervention are you
planning to implement? 

Smoking

Comparison What is the alternative to your
intervention (e.g. standard care)

Non-smoking

Outcome What do you want to achieve? 
What are relevant outcomes? 

Lung cancer

PICO -Example

Research question: Do smokers have a higher risk of developing lung cancer
compared to non-smokers?

4 Generated with ChatpGPT, 19/06/2025, prompts: 100 years old man, birthday cake, smoking

4



Research question
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PICO - Scheme

Patient

Intervention

Comparison

Outcome

PICO – Practical example

Generated with ChatpGPT,
25/06/2025, prompts:
Surgical patient, lower leg, dressing 



Research question
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PICO - Scheme Bischoff et al. 2017, Lancet ID

Patient Patients (any age) undergoing surgery (any kind)

Intervention OR with laminar airflow ventilation

Comparison
OR ventilation without laminar airflow:

Conventional / mixed / turbulent ventilation systems

Outcome
Surgical site infections (SSI):

Overall / deep SSIs

PICO – Practical example

Is the use of laminar airflow in the operating room associated with the 
reduction of overall or deep SSI?

Generated with ChatpGPT,
25/06/2025, prompts:
Surgical patient, lower leg, dressing 



Conduct a literature search3
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Medical databases
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• Medline

• Embase

• Cochrane Central Register of Controlled Trials

• CINAHL 

• …

Selection



Medical databases
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• Medical Literature Analysis and Retrieval System Online

• MEDLINE is the National Library of Medicine's (NLM) premier bibliographic database 
that contains references to journal articles in life sciences, with a concentration on 
biomedicine

• MEDLINE content is searchable via PubMed and constitutes the primary component 
of PubMed, a literature database developed and maintained by the NLM National 
Center for Biotechnology Information (NCBI)

• https://pubmed.ncbi.nlm.nih.gov/

Medline

https://pubmed.ncbi.nlm.nih.gov/


Medical databases
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• Embase is a comprehensive biomedical database that 
optimizes literature searches

• contains the full content of MEDLINE and additionally 
includes references from international literature with a 
strong focus on Europe, covering the entire field of human 
medicine and related disciplines, particularly pharmacy 
and drug research.

• More than 8,400 journals from 90 countries are indexed 

• Starting May 2025, a new publication type called “Clinical 
Trials” will be available

• Search machine Embase: OVID

• https://www.embase.com, registration needed

Embase

https://www.embase.com/


Medical databases
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• The Cochrane Library comprises several databases containing high-quality, independent evidence to 
support informed decision-making in healthcare

→ 6 databases: Cochrane Database of Systematic Reviews 
https://www.cochranelibrary.com/cdsr/reviews |  Database of Abstracts of Reviews of Effects |  
Cochrane Central Register of Controlled Trials (CENTRAL), Cochrane Methodology Register | Health 
Technology Assessment Database |  NHS Economic Evaluation Database

• Cochrane Central Register of Controlled Trials (CENTRAL) 

→ Rich database of bibliographic reports of randomized controlled trials

→ Most records from bibliographic databases including PubMed and  EmBase,

→ Other published / unpublished sources: e.g. CINAHL, ClinicalTrials.gov (https://clinicaltrials.gov/), WHO‘s
International Clinical Trials Registry Platform (https://www.who.int/tools/clinical-trials-registry-
platform) 

→ First publication in 1996

Cochrane Central Register of Controlled Trials

https://www.cochranelibrary.com/cdsr/reviews
https://clinicaltrials.gov/
https://www.who.int/tools/clinical-trials-registry-platform


Search Strategy
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• Identification of appropriate
search terms

→ Synonyms, word
truncations

• Combination of search terms

→ Boolean Operators 

• Inclusion / exclusion criteria

→ Time, Age, Study design

Theory

AND Links to
terms

Term A 
AND term
B 

Articles must contain both
terms

OR Selection Term A  
OR term B

Article must contain term
A OR term B (or both)

NOT One of the
terms einer 
von zwei
Begriffen

Term A 
NOT term
B

Article must contain term
A, but NOT term B 

A AND B

A OR B

A NOT B



MESH-Terms
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• Key word indexing

• Defined terms that enable precise indexing of documents in databases such as MEDLINE 

• Updated annually

• Each article in MEDLINE is assigned a MeSH term (Medical Subject Headings)

• To further specify articles, additional subheadings (qualifiers) are assigned

• https://meshb.nlm.nih.gov/search

Medical Subject Heading

4 Generated with ChatpGPT, 19/06/2025, prompts: 100 years old man, birthday cake, smoking

Example:

Lung cancer

4

https://meshb.nlm.nih.gov/search


Search query in Pubmed
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Search query in Pubmed
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Documentation of the search

https://www.prisma-statement.org/prisma-2020-flow-diagram
28

PRISMA



Search strategy
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Is the use of laminar airflow in the operating room associated with the reduction
of overall or deep SSI?



Search strategy I
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Medline (via PubMed) search terms:

#1 "ventilation" AND ("surgical wound infection" OR "SSI" OR "surgical site infection")

#2 "environment, controlled"[Mesh] NOT "ventilation"[mesh]) AND ("surgical wound infection" OR "SSI" OR 
"surgical site infection"

#3 "air pollution, indoor"[Mesh] AND ("surgical wound infection" OR "SSI" OR "surgical site infection")

#4 "operating rooms" AND ("surgical wound infection" OR "SSI" OR "surgical site infection")

#5 limit 1-4 to (("1990/01/01"[PDAT] : "2014/01/31"[PDAT]) AND (English[lang] OR French[lang] OR 
German[lang] OR Spanish[lang]))

Is the use of laminar airflow in the operating room associated with the reduction
of overall or deep SSI?



31
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https://meshb.nlm.nih.gov/searchMeSH Browser



Search strategy I
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Medline (via PubMed) search terms:

#1 "ventilation" AND ("surgical wound infection" OR "SSI" OR "surgical site infection")

#2 "environment, controlled"[Mesh] NOT "ventilation"[mesh]) AND ("surgical wound infection" OR "SSI" OR 
"surgical site infection"

#3 "air pollution, indoor"[Mesh] AND ("surgical wound infection" OR "SSI" OR "surgical site infection")

#4 "operating rooms" AND ("surgical wound infection" OR "SSI" OR "surgical site infection")

#5 limit 1-4 to (("1990/01/01"[PDAT] : "2014/01/31"[PDAT]) AND (English[lang] OR French[lang] OR 
German[lang] OR Spanish[lang]))

Is the use of laminar airflow in the operating room associated with the reduction
of overall or deep SSI?



Search strategy II
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Embase search terms:

#1 (ventilation and (surgical wound infection or SSI or surgical site infection)).mp.
[mp=title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, 
drug manufacturer, device trade name, keyword]

#2 ((environment not ventilation) and (surgical wound Infection or SSI or surgical site infection)).mp.
[mp=ti, ab, sh, hw, tn, ot, dm, dv, kw]

#3 (indoor air pollution and (surgical wound infection or SSI or surgical site infection)).mp.
[mp=ti, ab, sh, hw, tn, ot, dm, dv, kw]

#4 ((operating rooms or operation room or operation theatre) and (surgical wound infection or SSI or 
surgical site infection)).mp. [mp=ti, ab, sh, hw, tn, ot, dm, dv, kw]

#5 limit 1-4 to (1990:2014.(sa_year).)

Is the use of laminar airflow in the operating room associated with the reduction
of overall or deep SSI?



Search strategy III
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Cochrane CENTRAL  search terms:

#1    MeSH descriptor: [ventilation] explode all trees

#2    MeSH descriptor: [environment, controlled] explode all trees

#3    MeSH descriptor: [surgical wound infection] explode all trees

#4    MeSH descriptor: [operating rooms] explode all tree

#5    (ventilation)

#6    (surgical wound infection) or (SSI) or (surgical site infection)

#7    (operating rooms)

#8    (#1 or #5) and (#3 or #6)

#9     #2 and (#3 or #6)

#10   (#3 or #6) and (#4 or #7)

#11    limit (#8-#10) to (from 1990 to 2014)

Is the use of laminar airflow in the operating room associated with the reduction
of overall or deep SSI?



Search strategy IV
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Latin America and Caribbean Health Sciences 

#1 tw:(mh:("surgical wound infection" AND "ventilation")) AND (instance:"regional") 

#2 tw:(mh:("surgical wound infection" AND "environment")) AND (instance:"regional") 

#3 tw:(mh:("surgical wound infection" AND "operating rooms")) AND (instance:"regional") 

#4 limit 1-3 to (from 1990 to 2014)

African Index Medicus 

#1 ventilation [key word] and surgical wound infection [key word] or surgical site infection [key word] 

#2 environment [key word] and surgical wound infection [key word] or surgical site infection [key word] 

#3 operating rooms [key word] and surgical wound infection [key word] or surgical site infection [key word] 

Is the use of laminar airflow in the operating room associated with the reduction
of overall or deep SSI?

WHO regional medical databases



Search strategy IV
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Index Medicus for the Eastern Mediterranean Region Database 

#1 ventilation [key word] and surgical wound infection [key word] or surgical site infection [key word] 

#2 environment [key word] and surgical wound infection [key word] or surgical site infection [key word] 

#3 operating rooms [key word] and surgical wound infection [key word] or surgical site infection [key word]

Index Medicus for the South-East Asian Region 

#1 "ventilation" AND ("surgical wound infection" OR "SSI" OR "surgical site infection") 

#2 (environment) AND ("surgical wound infection" OR "SSI" OR "surgical site infection") 

#3 ("operating rooms") AND ("surgical wound infection" OR "SSI" OR "surgical site infection") 

#4 limit 1-3 to (from 1990 to 2014) 

Is the use of laminar airflow in the operating room associated with the reduction
of overall or deep SSI?

WHO regional medical databases



Documentation of the search
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1947

12

Excluded:

• Combined interventions, e.g.:

− LAF + increased discipline

− LAF + closed OR doors (vs. open doors in control)

− LAF + body exhaust gowns

• Studies older than 1990  



Institute of Hygiene and Environmental Medicine 39

• No randomised clinical trials, mostly adult patients
• 12 cohort studies:

− 8  observational studies after total hip arthroplasty
− 6 observational studies after total knee arthroplasty
− 4  studies provided data for more than one comparison
− 3  multicenter studies used data from national joint registries and surveillance systems
− 3 single observational studies on abdominal and open vascular surgery



40

www.freepik.com
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Reporting of study results4
42



Study results
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# Titel/ 
Source

Author/ 
Year/ 
Country

Study design / 
type of study
(e.g. RCT, case-
control-study, 
cohort study)

Research 
question

Study population
(e.g. hospital
patients, adults)

Sample size
(Intervention 
and control
group)

Time period
and Follow 
up

Inter-
vention/ 
Control

Outcome Results



Levels of evidence

Journal of PeriAnesthesia Nursing 2024 39484-488DOI: (10.1016/j.jopan.2023.10.015) 44
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= results of several studies pooled



Study designs
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Observational Interventional

Descriptive Case reports
Case series

Cross-sectional study

Analytical Case-control study
Cohort study

Intervention studies

• Before-After studies (Interrupted
time series analysis)

• Controlled before-After Studies

• Randomised controlled trial (RCT)



Study designs
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Observational Interventional

Descriptive Case reports
Case series

Cross-sectional study
Analytical Case-control study

Cohort study

Intervention studies

• Before-After studies (Interrupted 
time series analysis)

• Controlled before-After Studies

• Randomised controlled trial (RCT)



Study designs
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Descriptive studies describe the frequency and/or occurrence of events and/or exposures.

• Case Reports: Report of an interesting or unusual clinical case. 

→ Example: Fatal outcome of Clostrididiodes difficile-associated diarrhea (CDI) in a patient
undergoing chemotherapy without prior antibiotic history.(Fatal Clostridium difficile
infection associated with vinorelbine chemotherapy. J Infect Chemother. 2010 Mar 3)

• Case Series: Report of a cluster of several unusual cases. 

→ Example: Cluster of systemic lupus erythematosus cases following hepatitis B vaccination. 
(Ten cases of systemic lupus erythematosus related to hepatitis B vaccine. Lupus. 2009 
Nov;18(13):1192–7.)

Observational studies



Study designs
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• Cross-Sectional Study: Simultaneous collection of the outcome of interest (e.g., disease) and 
potentially relevant exposure factors.

→ Examples: ECDC PPS (Point Prevalence Survey of nosocomial infections in Europe/Germany 
organized by the European Center for Disease Prevention and Control)

Observational studies

Prevalence of patients with at least one healthcare-associated infection (HAI) 
in the EU/EEA sample: 7.1% (country range: 3.1–13.8%)

https://www.ecdc.europa.eu/en/publications-data/PPS-HAI-AMR-acute-care-europe-2022-2023



Levels of evidence
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= results of several studies pooled



Study designs
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Case-control

Cases

Controls

NO

YES

Research

Time

NO

YES

Exposition to a risk factor

Start of the study



Study designs
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Case-control

Cases

Controls

NO

YES

Research

Time

NO

YES

Exposition to a risk factor

Start of the study

Comparison
of exposition
rates in both

groups



Study designs
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Case-control

Cases with lung
cancer (n = 100)

Controls 
no lung cancer

(n = 100)NO (n = 80)

YES (n = 20)

Research

Time

NO (n = 55)

YES (n = 45)

Smoking as a risk factor

Start of the study

4 Generated with ChatGPT, 19/06/2025, prompts: 100 years old man, birthday cake, smoking

Do smokers have a higher risk of developing lung cancer compared to non-smokers?

4

Smokers in the lung
cancer group: 

45 of 100 patients

Smokers in the no
lung cancer group:

20 of 100 patients

CAVE: The numbers in this example are fictional.  



Four-by-four Table
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LUNG CANCER

YES NO

SMOKING YES 45 20 65

NO 55 80 135

100 100 200

Case-control study

OR =  a/c = 45/55 =  0,8      = 3,2
b/d 20/80    0,25

4 Generated with ChatGPT, 19/06/2025, prompts: 100 years old man, birthday cake, smoking

4

Calculation of Odds Ratio 
(OR): 

a b
c d

Smokers have a 3-fold 
higher chance to develop
lung cancer

CAVE: The numbers in this example are fictional.  



Levels of evidence
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= results of several studies pooled



Study designs

55

Cohort study

Patient 
with

diseasePatient with
risk factor

Time

Patient 
without
disease

Patient 
with

disease

Patient no
disease

Patient 
without risk

factor

Start of the study

Research



Study designs
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Cohort study

Patient 
with

diseasePatient with
risk factor

Time

Patient 
without
disease

Patient 
with

disease

Patient no
disease

Patient 
without risk

factor

Start of the study

Research

Comparison
of outcome

rates in both
groups



Study designs
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Cohort study

Patient with
disease
(n = 20)

Patient with
risk factor
(n = 500)

Time

Patient 
no disease
(n = 480)

Patient with
disease
(n = 5)

Patient 
no disease
(n = 495)

Patient 
without risk

factor
(n = 500)

Start of the study

Research

Do smokers have a higher risk of developing lung cancer
compared to non-smokers?

4 Generated with ChatGPT, 19/06/2025, prompts: 100 years old man, birthday cake, smoking

4

Lung cancer in 
smoker‘s group:

4 of 100 patients

Lung cancer in non-
smoker‘s group:

1 of 100 patients

CAVE: The numbers in this example are fictional.  



Four-by-four Table
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LUNG CANCER

YES NO

SMOKING YES 20 480 500

NO 5 495 500

25 975 1000

Cohort study

RR =  a / (a+b) =   20/(20 + 480)   =    4      =     4,0
c / (c+d)     5 / (5 + 495)           1           

4 Generated with ChatGPT, 19/06/2025, prompts: 100 years old man, birthday cake, smoking

4

Calculation of Risk Ratio 
(RR): 

a b
c d

CAVE: The numbers in this example are fictional.  

Smokers have a 4-fold higher risk of developing lung cancer



Levels of evidence
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= results of several studies pooled



Study designs
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Randomized controlled trials

Patient 
with

diseasePatient with
intervention

Time

Patient 
without
disease

Patient 
with

disease

Patient 
with

disease

Patient 
without

intervention

Start of the study

Research



Study designs
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Randomized controlled trials

Patient 
with

diseasePatient with
intervention

Time

Patient 
without
disease

Patient 
with

disease

Patient 
with

disease

Patient 
without

intervention

Start of the study

Research

• Clinical intervention studies

• Design of a cohort study

• Experimental exposition ( = 
intervention)

• E.g. pharmaceutical studies

• Robust study designs
Measures to avoid bias



Study designs

Institute of Hygiene and Environmental Medicine 62

Randomized controlled trials

Patient 
with

diseasePatient with
intervention

Time

Patient 
without
disease

Patient 
with

disease

Patient 
with

disease

Patient 
without

intervention

Start of the study

Research

Comparison
of outcome

rates in both
groups



Bias, errors and confounders

63



Study designs
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Randomized controlled trials

Patient 
with

diseasePatient with
intervention

Time

Patient 
without
disease

Patient 
with

disease

Patient 
with

disease

Patient 
without

intervention

Start of the study

Research

Comparison of 
outcome rates
in both groups

Outcome? Endpoint?
Confounder?

Follow-up ?

Intention-to-
treat?

Bias?

Blinding?



Potential errors in a study
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• Deviation of an observed measure in a sample from the true value (reality) by chance

• Leads to reduced precision

Sources of random errors

• Sampling error

• Biological variation

• Can be corrected by higher sample size

Random errors



Potential errors in a study
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• Results vary from the true value due to bias, 
e.g.

→ Selection bias

→ Information bias

• Systematic errors are not corrected by
higher sample size

Systematic errors



Bias, errors and confounders
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Endpoint

• Appropriateness, definitions, no surrogate parameters

• E.g. do not use „clothing size“ instead of „body weight“ to measure obesity

Follow-up

• Observation time = Time period with monitoring of patients for study endpoints

• Is the observation time long enough for the research question? 



Bias, errors and confounders
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Confounders

• Factors not considered by the research
question

• Association with exposition and endpoint

• Classical confounders: age, gender, 
comorbidities, smoking, socioeconomic
status

Exposition Outcome

Confounder



Confounder
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Shoe size Odds Ratio for Income > 2.500 € Netto

> 44 2.1 (95%CI 1.6 – 3.2)

40 - 44 1.4 (95%CI 1.1 – 1.6)

< 40 1.0 = reference

Example
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Gender Men Women

Shoe size
Odds Ratio for

Income > 2.500 € 
Netto

Shoe size
Odds Ratio for

Income > 2.500 € 
Netto

> 44 1.0 (95%CI 0.8 – 3.2) > 44
1.1 (95%CI 0.9 –

3.7)

40 - 44 1.1 (95%CI 0.7 – 3.1) 40 - 44
1.0 (95%CI 0.5 –

2.2)

< 40 1.0 = reference < 40 1.0 = reference

Confounder
Example
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Exposition
(shoe size)

Outcome
(income)

Confounder
(gender)

Confounder
Example



More Bias
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Publication bias

• Publication is dependent on result (positive results are more likely to be published)

Outcome reporting bias

• Studies report only outcomes with significant changes (even though other outcomes were also 
observed) 

Language bias

• Most studies are published in English

• Some important findings might be published in other languages (not included in systematic
reviews) 

Time lag bias

• Studies with signficant results are published first

• Studies with no effect are ofter published later



Measures to reduce bias

73



Measures to reduce bias
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Blinding

• Concealment of Group Allocation from patient and investigator (double-blind)

• Applies for Intervention studies (RCT), not applicable for observational studies

Randomization

• Random allocation of patients to intervention and control

• E.g. by computer-generated randomization

• Applies for Intervention studies (RCT) ), not applicable for observational studies

Statistical methods

• Adjusting statistical methods to potential confounders

• Stratification of groups (e.g. by gender)

• For cohort studies, case-control studies



Levels of evidence
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= results of several studies pooled



Study results
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Data analysis:

Two investigators (PB and PG)
• extracted data
• populated a predefined evidence table



Study results
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Critically appraise the evidence: 
Quality Assessment – Risk of Bias –
Study designs5

78



What should be reported in well-conducted trial?
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Domain Evaluation

Research question Well formulated? Specific? Up to date? 

Study design Randomized controlled trial
Cohort study
Case- control study
Meta-analysis

Case definition Appropriate? Sensitivity? Specificity?

Inclusion- / exclusion criteria Appropriate? 

Comparability of the groups? Reported? Differences? 

Follow up? Conducted? Reported? Appropriate?

Statistics? Are the methods appropriate? 
Power calculation? 
Interntion to treat analyis? 

Outcome Appropriate? Surrogate parameter? 

Compliance, costs, side effects Reported? 

Confounder, Bias Discussed? 



Tools for critical appraisal of evidence

Institute of Hygiene and Environmental Medicine 80

• Cochrane Bias Methods Group (BMG) für RCT und Non-RCTs

• Revised Cochrane risk-of-bias tool for randomized trials (RoB 2)

• Risk Of Bias In Non-Randomized Studies - of Interventions (ROBINS-I)

• NHS CASP Checklisten

→ RCT

→ Observational studies

→ Systematische Reviews

• Qualitative Reviews

• Jadad Scale (RCT)

• DIMDI: Deutsches Institut für medizinische Dokumentation und Information



Revised Cochrane risk-of-bias tool for randomized trials
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5 domains for critical assessment of potential 
bias

• Randomization

• Deviation from allocation to the
intervention / compliance

• Missing data

• Bias in outcome measurement

• Selection of reported results

(RoB 2)



Study results
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Data analysis:

Two investigators (PB and PG)
• extracted data
• populated a predefined evidence table

All critically appraised the retrieved studies:
• Newcastle–Ottawa Quality Assessment Scale (NOS) for cohort studies
• disagreements were resolved through discussion
• Meta-analyses of available comparisons were done with RevMan (v.5.3)
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4) Demonstration that outcome of interest was  not present at start of study
a) yes 
b) no

1) Representativeness of the exposed cohort
a) truly representative of the average _______________ (describe) in the community
b) somewhat representative of the average ______________ in the community 
c) selected group of users eg nurses, volunteers
d) no description of the derivation of the cohort

2) Selection of the non exposed cohort
a) drawn from the same community as the exposed cohort 
b) drawn from a different source
c) no description of the derivation of the non exposed cohort

3) Ascertainment of exposure
a) secure record (eg surgical records) 
b) structured interview 
c) written self report
d) no description

Newcastle – Ottawa Quality Assessment Scale
for cohort studies

★
★

★

★
★

★

Selection
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Newcastle – Ottawa Quality Assessment Scale
for cohort studies

1) Comparability of cohorts on the basis of the design or analysis

a) study controls for _____________ (select the most important factor)
b) study controls for any additional factor

(This criterium could be modified to indicate specific control for a second important factor)

Comparability

★
★
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Outcome

1) Assessment of outcome
a) independent blind assessment ★
b) record linkage ★
c) self report
d) no description

2) Was follow-up long enough for outcomes to occur
a) yes (select an adequate follow up period for outcome of interest) ★
b) no

3) Adequacy of follow up of cohorts
a) complete follow up - all subjects accounted for ★
b) subjects lost to follow up unlikely to introduce bias - small number lost - > ____ %★

(select an  adequate %) follow up, or description provided of those lost)
c) follow up rate < ____% (select an adequate %) and no description of those lost
d) no statement

Newcastle – Ottawa Quality Assessment Scale
for cohort studies



Quality of cohort studies included in the systematic review
(Newcastle-Ottawa Quality Assessment Scale) 
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Authors (year) Selection
1

Selection
2

Selection
3

Selection
4

Comparability Comparability Outcome 
1

Outcome 
2

Outcome 
3

Total

Namba et al. (2013) ★ ★ ★ -- ★ ★ ★ ★ -- 7★

Namba et al. (2012) ★ ★ ★ -- ★ ★ ★ ★ ★ 8★
Song et al. (2012) ★ ★ ★ -- ★ ★ ★ ★ -- 7★

Jeong et al. (2013) ★ ★ ★ -- ★ ★ ★ ★ -- 7★

Bosanquet et al. (2013) -- ★ ★ ★ ★ ★ ★ -- -- 6★

Pedersen et al. (2010) ★ ★ ★ -- ★ ★ ★ ★ -- 7★

Dale et al. (2009) ★ ★ ★ -- ★ ★ ★ ★ -- 7★

Brandt et al. (2008) ★ ★ ★ -- ★ ★ ★ ★ -- 7★

Breier et al. (2011) ★ ★ ★ -- ★ ★ ★ ★ -- 7★

Hooper et al. (2011) ★ ★ ★ -- -- -- ★ ★ -- 5★

Miner et al. (2007) ★ ★ ★ -- -- -- ★ ★ -- 5★

Kakwani et al. (2007) ★ ★ ★ -- ★ ★ ★ ★ -- 7★
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Total hip arthroplasty
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Total knee arthroplasty

www.freepik.com
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Abdominal and open vascular surgery



Apply the evidence to the problem: 
transferability / generalizability6
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Case Example
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• As an hospital ventilation engineer you are consulted for the construction of a new operating 
theatre in the orthopedic department of a hospital 

→ Which ventilation system (laminar air flow / conventional turbulent ventilation) do you 
recommend based on the effect on surgical site infections (SSI)

→ Which other factors should be taken into account? 

EbM

1 Generated with ChatpGPT, 19/06/2025, prompts: laminar air
ventilation, operating theatre

1
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Which ventilation system do you favor? 



Study results
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OR for SSI, LAF vs. turbulent ventilation: 

• Total hip arthroplasty (8 cohort studies): 1.29 (95% CI 0.98 – 1.71)

• Total knee arthroplasty (6 cohort studies): 1.08 (95% CI 0.77 – 1.52)

• Abdominal and open vascular surgery (3 cohort studies): 0.75 (95% CI 0.43–1.33)



Study results
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OR for SSI, LAF vs. turbulent ventilation: 

• Total hip arthroplasty (8 cohort studies): 1.29 (95% CI 0.98 – 1.71)

• Total knee arthroplasty (6 cohort studies): 1.08 (95% CI 0.77 – 1.52)

• Abdominal and open vascular surgery (3 cohort studies): 0.75, (95% CI 0.43–1.33)

→ Laminar airflow is no preventive measure to reduce the risk of SSIs



Study results
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Limitations:

• Most data were obtained from national surveillance systems and registries,
which were not designed to address whether laminar airflow systems decrease the risk of SSIs

• Surveillance databases and registries might not include data for possible confounders:
− Smoking
− Obesity
− Intraoperative temperature
− Glycaemia
− Stopping bleeding using cautery

• Some studies did not provide information about the ventilation systems used in the ORs without LAF
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1. Lv et al.
The possible effect of different types of ventilation on reducing operation theatre infections:
A metaanalysis.
Ann R Coll Surg Engl (2021) 103: 145.  

2. Bao J, Li J.
The effect of type of ventilation used in the operating room and surgical site infection: 
A meta-analysis.
Infect Control Hosp Epidemiol. (2021) 43: 1316. 

3. Ouyang et al. 
Laminar airflow ventilation systems in orthopaedic operating room do not prevent surgical site 
infections: a systematic review and meta-analysis.
Journal of Orthopaedic Surgery and Research (2023) 18: 572. 

→ Laminar airflow is no preventive measure to reduce the risk of SSIs

More meta-analyses:



Case Example
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• As an hospital ventilation engineer you are consulted for the construction of a new operating 
theatre in the orthopedic department of a hospital 

→ Which ventilation system (laminar air flow / conventional turbulent ventilation) do you 
recommend based on the effect on surgical site infections (SSI)

→ Which other factors should be taken into account? 

EbM

1 Generated with ChatGPT, 19/06/2025, prompts: laminar air
ventilation, operating theatre

1



Thank you
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axel.kola@charite.de

luisa.denkel@charite.de
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