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How does built environment and service design interact?

Radboudumc masters Design Built environment



Simple – clear process steps

Correct flow – Fit for purpose 

Oversight

Learning



Why is the diffusion of 
innovations in the field of 

the hospital built 
environment so slow? 



Slow diffusion of innovations 

• Expensive interventions

• Interdisciplinary approach is needed

• Long-term consequences of the built environment

• Low grade of evidence available

• Conservative field



Diffusion of innovation the theory

• What Are the Steps In the Diffusion of Innovations?

• Five-step process of decision-making:

1. Knowledge 
2. Persuasion
3. Decision
4. Implementation
5. Confirmation



Let’s talk Implementation
 My lessons learnt

1. Sense of urgency

2. System approach
3. Leadership involvement
4. Team effort

5. Solid preparation
6. Sustainable solution
7. Buy-in from all stakeholders

8. Board involvement
9. Evaluation – Evidence-based approach
10. Create a good narrative!



Where are the connections and bacterial 
communities within the hospital?

Why is it important?



WHY do we care?

Resistance in gram negative bacilli

Carbapenem (Meropenem)

 Cephalosporin (Ceftriaxon)

  Penicillin

Carbapenemase

ESBL, pAmpC



Increased bacterial resistance

Epidemiological situation of carbapenemase-producing 
Enterobacteriacea, July 2018



Behavior
Infrastructure

IPC



HAI

Infrastructure



•8 Core components
•New
 Multimodal approach 
 Hospital built environment



Great variation globally 
in buillt environment

Driver for outcome
 differences?



Microbiome
Human versus hospital

• Clear that hospitals are an important reservoir of multidrug-resistant 

organisms
• Clear that humans are an important reservoir of multidrug-resistant 

organisms

• Clear that both microbiomes are interconnected



Hospital Microbiome

Haak, Wiesinga. Nature medicine, volume 26, pages 826–828 (2020)



Water in hospitals – A (dangerous) deep dive



Global outbreak of severe Mycobacterium chimaera disease 

after cardiac surgery:a molecular epidemiological study

)akko van Ingen*,Thomas A Kohl*, Katharina Kranzer*, Barbara Hasse,  Peter M Kei/er, Anna Katarzyna Szafranska, Doris Hillemann,

Meera Chand,  Peter Werner Schreiber, Rami Sommerstein, Christoph Berger, Michele Genoni, Christian Rüegg, Nicolas Troillet, Andreas FWidmer,  

Sören L Becker, Mathias Herrmann, Tim Eckmanns, Sebastian Hal/er, Christiane Höller, Sylvia B Debast,  Maurice) Wolfhagen,)oost Hopman,

jan Kluytmans, Merel Lange/aar, Daan WNotermans,jaap ten Oever, Peter van den Barse/aar, Alexander B A Vonk, Margreet C Vos, Nada Ahmed,  

Timothy Brown, Derrick (rook, Theresa Lamagni, Nick Phin, E Grace Smith, Maria Zambon, Annerose Serr, Tim Götting, Winfried Ebner,

Alexander Thürmer, Christian Utpatel, Cathrin Spröer, Boyke Bunk, Ulrich Nübel,  Guido VBloemberg t , Erik C Böttgert, Stefan Niemannt ,  

Dirk Wagnert , Hugo Saxt

Summary
Background Since 2013, over 100 cases of Myrobacterium chimaera prosthetic valve endocarditis and disseminated 

disease were notified in Europe and the USA, linked to contaminated heate.r-cooler units (HCUs) used during cardiac 

surgery. We did a molecular epidemiological investigation to establish the source of these patients' disease.
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Showers



• Unexpected detection of carbapenemase-producing (VIM) P aeruginosa

• Man in his early 60s, left-sided pneumonectomy and adjuvant 

radiotherapy

• A total of 5 men (age range, 60-84years) and 6 women (age range, 55-

74 years) were admitted to the combined cardiothoracic surgery and 

pulmonary diseases ward

• No additional cases (colonization or infection) of carbapenemase-

producing (VIM) P aeruginosa were detected



Sinks





ICU in Radboudumc

• Radboud university medical center: 953 patient beds

• 50 single bed ICU rooms, 35 beds operational

• Selective digestive tract decontamination (SDD)1

• Low MRSA and VRE rates

• Standard contact precautions

• Increasing global resistance (GNB)

• 2 outbreaks related to the sinks

• Klebsiella pneumoniae ESBL

• Enterobacter cloacae ESBL

23

1N Engl J Med 2009; 360:2138-2141, may 2009





Lessons from history

25

Removal of the ‘Cholera’ 

handle of the Broad Street 

Pump, London,1854

GoT made him really famous!
           

John Snow 



Semmelweis
• Observations were about hand hygiene with Chlorine disinfectants

• Over time switch from disinfection to hand washing  



Edmonds, et al, Applied Microbiology, 1972

Teres, et al, The Lancet, 1973

Ayliffe, et al, The Lancet, 1974

Lessons from history - part 2



Sink-outbreak reports
• Healthcare-associated outbreak due to pan-drug resistant 

Acinetobacter baumannii in a surgical intensive care unit (JHI, 2003)

• Management of a multidrug-resistant Acinetobacter baumannii outbreak in 

an ICU using novel environmental disinfection  (AJIC, 2010)

• A Long-term Low-Frequency Hospital Outbreak of KPC-Producing 

Klebsiella pneumonia Involving Intergenus Plasmid Diffusion and a 

Persisting Environmental reservoir (PLOS, 2013)

• Bad design, bad practices, bad bugs:frustrations in controlling an outbreak 

of Elizabethkingia menigoseptica in intensive care units (JHI, 2013)

• Contaminated sinks in intensive care units: an underestimated source of 

extended-spectrum beta-lactase-producing Enterobacteriaceae in the 

patient environment (JHI, 2013)

28



Parks et al, Current Infectious disease reports, 2018



https://www.bbc.co.uk/sounds/play/m0000y9r



• Study design: intervention study

• Objective:to investigate the effect of the removal of all hand 

washing sinks from the patient rooms at the Intensive Care unit on 

the MDRO colonisation rate in ICU patients 

• Study period:

•Pre-intervention study period: 12 months prior to sink removal

•Post intervention period: 12 months after sink removal

• Intervention: In the summer of 2014, hand washing sinks were 

removed from all patient rooms at all intensive care units and a 

‘water-free’ method of patient care was introduced.

31

Study methods



Components 
‘Water-free’ patient care

1. Daily wash: disposable washing towels

2. Hands visible contaminated        cleaning (Quick & Clean towels) 

 disinfection in the patient room      handwashing outside patient room

3. Preparation of medication

4. Drinks

5. Canula care

6. Hair washing (caps with dry-shampoo)

7. Infusion bags disposal

8. Patient materials disposal

9. Clostridium difficle: Mobile trolley with sink can be used if needed

32







ICU-room pre-intervention

35
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ICU-room post-intervention



Results

Pre-intervention Post-intervention

September 2014 - February 2015December 2013 - May 2014

intervention



Segmented regression analysis of the 
interrupted time series data

•Statistically significant 

immediate effect of the 

intervention on the colonisation 

rate of gram negative bacilli

•No effect on the colonisation 

rate of yeasts



Colonization rate ratios
 related to ICU-LOS



Conclusion

•This study showed that removal of the sinks from all patient rooms at the 

ICU and the introduction of ‘water-free’ patient care resulted in a 

statistically significant decrease of patient colonization with ICU-acquired 

GNB . 

•This decrease in patient colonization was even more apparent with an 

increased length of Stay (LOS).



Confirmation of our findings







The present study found a higher incidence of HAIs in ICUs 
that have sinks in patient rooms than in those which do not.





Interventions that fail to stop 
the outbreak



https://apps.who.int/iris/handle/10665/312226





Sink placement, an example

Haiti, 2015

So what is the real challenge we are facing?



Handwashing was 4% of total behaviors



4 % of Sink use is hand washing..

Thus, rethinking waste management!



Root cause analysis for sink use

• Hand hygiene —> ABHR

Focus on:

• Discarding of detergents en disinfectants
• Discarding of biological waste
• Discarding of drugs, infusion fluids, including antibiotics



Future of sinks 
patient zones and rooms

• Sinks are a known and continuous source for (MDR) gram-negative bacilli

• 1. No sinks but Alcohol Based Hand Rub (ABHR) in patient zone
• 2. No sinks but Alcohol Based Hand Rub (ABHR) in patient zone

• 3. No sinks but Alcohol Based Hand Rub (ABHR) in patient zone

• Reduction of number of sinks (if placed preferably with heat disinfection 

syphons)
• Correct placement of sinks

• Not in proximity of clean supplies, patients, medication etc.

• Correct type of sink

• Rethinking waste management! 



Nigeria 
Lagos University Teaching Hospital

November 2024



New Hospital Programme (NHP)- UK

• The need for continuous investment in healthcare infrastructure

• The New Hospital Programme will become part of a rolling programme of 
investment in new health capital infrastructure to deliver new hospitals up 
to 2030 and beyond

• Further future investment to upgrade NHS facilities across the country
• Improve care for staff and patients, with details agreed periodically to 

provide greater certainty

• This will mean more than 40 new hospitals will be built in the longer term

• Prevention of AMR transmission in healthcare through the built 

environment – a proposed way forward. Accepted in JHI
 Manuja Meda, Mike Weinbren, Wolfgang Sunder, Giovanni Fucini, 

Joost Hopman



Just do it! And don’t forget:

1. Sense of urgency

2. System approach
3. Leadership involvement
4. Team effort

5. Solid preparation
6. Sustainable solution
7. Buy-in of all stakeholders

8. Board involvement
9. Evaluation – Evidence-based approach
10. Create a good narrative!

We are 10 years down the 
road:
1. Nurses and MDs don’t 

even understand why 
people bother to come 
over from the UK.. It’s 
standard of care

2. No serious adverse events 
in 10 years, besides 
contamination through 
commercial SPA bottles.



Future Built environment
High- and low-resources

• Single patient rooms
• No sinks in patient rooms, only in bathrooms



Questions?
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