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Laminar Air Flow ( LAF ) in Operating theatres with Individual Climatized, Ventilated and Ultra Clean Air Zones, an international patented system.

Presented by Kjell Rösjö, Managing Director, AET- ARBEIDSMILJÖ OG ENERGITEKNIKK A/S, Norway, inventor of the internationally patented  and latest ( 5th ).generation of Laminar Airflow Ceilings for Operating Theatres, which is an Ultra Clean Ventilation (UCV) system with individually climatized and adjustable air zones.

Biographical note:

Kjell Rösjö, Academy Engineer, MNRF, MNVVSF, MNR3F, has been involved in the HVAC industry projecting commercial and industrial ventilation and air-conditioning systems since 1965 and clean air constructions and installations for hospitals since 1985. He was educated at Gothenburg Technical Institute (1965) and Dr.Ph.A.Naess Technical Academy, Oslo (1968). He was the Managing Director of Industrifilter - AAF (American Air Filter) A.S. in Norway, from 1978 to 1984. He has carried out several projects in cooperation with Hugh Howorth OBE, the inventor of the first four generations of Ultra Clean Ventilation ceiling (UCV), and with engineers in Kojair Tech O.Y; Jouko Värikoski, Paavo Aro and Pekka Liuttu all three in leading positions in Kojair Tech O.Y.  This cooperation has been of particular value for the experience of overcoming design and construction problems that are par of every installation. The recent work with the patented design for ultra clean air systems for operating theatres, the fifth generation of UCV has been among his projects of particular interest. He is frequently used as a special consultant for hospital and laboratory containment and barrier projects. 

Abstract. 
Ultra clean air ceilings were developed in the 1960's with the objective of reducing wound infections from airborne colony forming units, especially for orthopaedic surgery.   Current designs confine themselves to this single objective, which has been achieved.   Infections have been reduced to low levels. The author has invented and patented a further and significant development of the ultra clean air ceiling which makes a further reduction to very low levels possible in a substantial way.  As with earlier designs, the airflow system creates a clean zone over the patient to prevent contamination.   Where this theatre differs is that it comprises a number of zones where the air temperature, air humidity and air velocity can be individually regulated. Since the delivery program handled, also covers all sorts of techniques of airflow systems for operating theatres, all sorts of our modular systems have been quoted and installed, based on the descriptions from HVAC-consultancies. This together with controlling and servicing other makes has given the author experiences with the installing of many different varieties of systems with their strong and week sides in Scandinavia. 

The reason why the new UCV is beneficial is that the patient, the surgeon and the anaesthetist all have conflicting requirements.    The surgeon likes cool dry air for comfort.   He is the one who generally dictates the theatre conditions.   The anaesthetist, who is sedentary during operations finds these conditions too cold and might complain.   The patient, who is the most important party present, requires to be warm in order for his body to function most effectively.   Finally the patient's wound site will have temperature and humidity requirements of its own to minimise the chance of infection and to avoid evaporative cooling. The invention provides for all of these conflicting requirements.   Nine ceilings of this type are now in operation in Scandinavia, and the  experiences at the Hospitals are  Excellent. 

This article is based on the treatise, currently in preparation on the same subject by the same author.

Introduction                                                                                                                                  Ultra Clean Ventilation-ceilings (UCV's) for surgical operating rooms were developed.  The orthopaedic surgeon, John Charnley and the engineer Hugh Howorth OBE carried out the pioneering research and development work. In 1966, at Wrightington Hospital, they installed the prototype, or first generation of permanent Clean Air Enclosure.   In this unit, Charnley performed more than 5000 operations and proved that the airborne route of cfu’s was the dominating reason for infections after orthopaedic surgery. Howorth continued the development and units were installed in about 30 countries. These units (originally called green houses after the shape of the prototype) had a dramatically influence on the wound sepsis reduction particularly in the orthopaedic field, from the start of the early seventies.  It quickly became apparent that the high levels of airborne contamination of between 200 –and 600 cfu/m3 in a typical operating theatre reduced down to < 10 cfu/m3 at the instrument and operating table.  This again resulted in a dramatic reduction in infections from above 10 % down to low levels  at about 1 % without using antibiotics .  All this is very well documented in studies from a number of countries around the world. Laminar Air Flow units with a total Hepa Filter Area at the Outlet  and partial protection at the peripheral with glass walls down to  2 m above floor.  This type of units are installed  in almost every country in Europe,  and in the Nordic countries are many  produced in Finland by Kojair Tech O.Y. In 1992 the very first of  fourth generation UCV’s was installed in theatre 3 at Hässleholm Hospital in Sweden for orthopaedic surgeon Dr. E. Ornstein. This was the start of the co-operation with Hugh Howorth that was of the greatest importance for the development of the new ideas. Howorth had made the break through of understanding the basic and fundamental aerological principles for the efficiency of airflows in the peripheral areas. This helped me to understand the importance and nature of these problems too. 

I had since 1978 cooperated with the engineers at Kojair Tech O.Y. (Koja O.Y. at that time) within the Clean Air Technology field, and reached a substantial part of that marked in Norway.  To make the ideas and the patent drawings to more than just that we needed the expertise of production we through years had found at this factory. So the choice of further cooperation with Kojair Tech O.Y. was obvious. At last but not at least the very positive 
approval for this project  by the managing director Pertti Mäntylä in Kojair Tech O.Y made that we came to an agreement for further  production by their factory of our internationally patented modular UCV system.
It was at Hässleholm Hospital in Sweden I first understood the need to continue the development of UCV’s a further step forward. Discussions with Hugh Howorth and Dr. Ornstein helped me to understand the real nature of the complex problems that had to be solved and how difficult it was to find solutions that did not create other problems. The laminar air flow technique had substantial benefits, but also serious disadvantages such as the ‘freezing’ problems for some of the operating staff members, e.g. the anaesthetist. 

It became obvious to the author that the compromises were still too many and too difficult to live with in the future, but what could be done?  Earlier experiences gave the obvious solutions. At two other installations, the inventor had observed that laminar airflow does not mix at all even when temperatures are substantially different.  At that time, and in those installations, this phenomenon had been highly undesirable and had led to considerable problems that had been difficult to solve. Many years later, at the Hässleholm Hospital, this experience came back to mind with an understanding of exactly how the physical laws behind the earlier serious problems, could now be turned to a huge benefit. It led to the very important invention that now solves the problems of all the compromises in earlier solutions. The author thus invented and internationally patented a further and significant development of the ultra clean air ceiling.  As with earlier designs, the airflow system creates a clean zone over and around the patient to prevent contamination. However, the new design can maintain high enough and thus a safe air velocity, without any compromises caused by earlier consequent problems.  Where this UCV differs is that it comprises a number of zones where the air temperature, air humidity, air velocity and direction can be individually regulated in each zone, to suit the respective needs in that zone. The number and size of the zones can be varied, based on an extremely flexible basic modular system.  (fig.  1)
The reason why this is beneficial is as mentioned that the patient, the surgeon and the anaesthetist all have conflicting requirements.  The surgeon usually decides the theatre conditions to suit his own comfort. The anaesthetist, who is sedentary during operations often finds these conditions too cold and might complain.   The patient, who is the most important person present, requires to be warm for his body to function most effectively. Finally the patient's wound site has its own climatic requirements, which are not just to minimise the chance of infection but also to avoid wound drying and evaporative cooling.   The combination of evaporative cooling at the wound site and an air temperature that is set low for the comfort of the surgeon presents the patient with a significant risk of hypothermia.   At best hypothermia results in difficulty in waking from the anaesthetised state, which means protracted (and expensive) nursing in the recovery room. In the most serious cases it can result in death. The invention provides for all of these conflicting requirements. (fig. 2) The invention does not go in the dangerous direction that some systems do to reduce problems for staff and to save money by using low or reduced velocities. The invention allows optimum conditions for all involved and overcomes earlier conflicting requirements. The invention of the internationally patented fifth generation of UCV utilises the long-established knowledge of the necessary levels of air velocity, and thus volumes for safe Laminar Air Flow systems and patient protection. The velocity is no longer limited by the earlier unsolved problems and the protection against cross contamination problems can now be optimised. The wish that the minimum safety level acceptable must be the maximum obtainable safety, can now be given by optimum of cross contamination protection factor settings. ( fig. 3 )
Evolvement 

The flexibility of the UCV system is an important part of the construction of operating theatres. This flexibility must include all the hygienic, safety, comfort and economical parameters of the UCV. The flexibility to meet future needs cannot be overstated. Design of UCV’s has evolved now through 5 generations of Laminar Air Flow units for operating theatres, with each generation striving for the most flexible solution for dealing with the high demands for hygienic control during surgery.

Influence of hindrances   

The airflow from LAF’s remains laminar as long as there are no thermal disturbances  or obstacles. The airflow in low velocity systems, designed to prevent draughts in work zones and for financial reasons, has proven to be more unstable, due to easily caused air circulations and whirls from the thermal disturbances, obstacles and also the secondary zone. It has been demonstrated by tests that whirls released eg. from lamps induce more turbulence than that caused by thermal buoyancy. This emphasizes the need for operating theatre lamps consisting of a multiple of smaller lamp heads than one larger. The result is always less clean air with increased particle counts in the primary zone. Even when there are very good aerodynamically shaped operating theatre lamps on the market, for example the lamps from Brandon Ltd, UK, which have been found to be very good concerning avoidance of air disruptions, there is still a long way to go in bringing the importance of even the lamp shape to the hospital managers attention. We have found that models with only one big lamp may be disastrous for the level of air cleanliness under the lamp and over the operating table or instrument tables. Most often there are satellites involved, which can seriously increase this effect. Our research in the matter clearly points out there is a number of risk positions concerning this lamps. So even when the choice of lamps has to be done by weighing many factors the issue of the ultra clean air stream is among the most important ones concerning the preventing of pathogens. 

The new and internationally patented 5th. Generation of Ultra Clean Ventilation systems (UCV's) for operating theatres

The patented 5th. Generation UCV's can be adjusted to safe levels of velocities. These systems allow adjustments of lamp heads, and other obstacles to positions, which low velocity systems cannot safely deal with. Thus the freedom for lamp movements without disrupting the clean airflow is much bigger. With the 5th. Generation UCV's, the air can be directed either manually or automatically, to meet the challenges in each individual zone. The benefits of adjusting the air parameters to each specific zone rather than for the whole area are many; greater individual comfort, less increase of sound, less increase of energy consumption, better protection factors, and above all no compromises.

Compromises have been made with the first four generations of UCV’s in other to prevent or reduce discomfort. On the other hand H.Howorth and J. Charnley who were also at an early stage familiar with these problems, were never prepared to compromise the safety of the patient. They only made those compromises that were strictly necessary from a medical point of view and no more than that. They were obliged to accept the drawbacks with the earlier designs.  The 5th.generation is therefore a vast improvement compared to the compromises made in the first four generations. The internationally patented 5th.generation of UCV's:  AET- V4-UCA is the optimal answer for today's and tomorrows needs, and a totally new way of planning and designing UCV's for the safety and comfort for the operating theatre staff and the patient. This system has been designed to meet the challenges of all the above-mentioned problems. The new modular and very flexible system makes it possible to deal with the problems that will occur, not only for those that are obvious, but also those that are forgotten and often hidden. These problems are often very difficult to deal with for the 1 - 4 generation systems. And if they can be dealt with they will often be disastrous for the finalizing of the project concerning costs and schedule. New hospitals have been delayed for months and years by such factors. The 5th. Generation of Ultra Clean Ventilation systems was invented with these serious problems in mind. The positive options for this innovative design are now available. So far they have been successfully installed in operating theatres in Scandinavia, amongst others at the new University Hospital in Oslo, in the department built for the research of new surgical procedures. The experience with the 5th. generations of UCV's also involves inclusion of pendants, multiple operating lamps, operating lamps with satellites and camera arms, camera boxes, gas and electrical fixed outlet points. 

Hypothermia prevention, medical hypo- and hyperthermia possibilities, prevention of wound drying, very low sound levels, extremely low cfu levels at the wound area and over the total clean area, good diversified Indoor Zoned Climate, high cross contamination protection factor microbiological safety system, infection ventilation safety system, freedom for lamp and pendant movements, freedom for lamp and pendant placing (for the remote fan systems), freedom for moving of high apertures ( C- bows, that might be close to 3 m height), system for reduction of risk for microbiological growth and smells through HEPA filters are now areas that this modular system can positively be adjusted  for. All the features are parts of the international patent. 
The earlier problems are now fare away solved with the new technique. As mentioned above it is now possible to give the correct air conditioning, comfort levels, cleanliness, and wound environ-mental priorities at the same time without the usual compromises. Increased levels of airspeed well above the limit between turbulent and Laminar Air Flow also can now safely be used in a wider area.. The conditions for the operating wound were decisive for the velocity settings in the Howorth Units.  A measure of the velocity at level of incision and instrument tables was an integral part of commissioning the unit.. Consequently this measurement has become a part of the HTM 2025. This level can however be tuned in the 5th. generation units to better suit the patients needs. 

Moreover it is of great importance; that the climate for the patient as well as the incision area is as optimal as possible. This is covered by the patented solution, which provides the correct conditions to substantially improve the healing of the wound while at the same time increasing protection against infections. This makes the internationally patented AET-V4-UCA to the optimal answer for today's and tomorrows needs for the performance of surgery under absolutely safe ultra clean conditions.

The utilities of AET-V4-UCA:

Bearing in mind the obvious savings when reducing deep wound infections, the better the UCV's are the shorter will the pay back time be. The consequence of further reduced infection rates and also payback calculations has led to that the hospitals today to increase the amount of UCV's in full scale according to international standards. Among our latest installation are a central hospital with 6 full size units and 3 half-size units with special double textile screen laminators and lights above the textile screen.  This is in very clear contrast to the earlier period where hospitals at most only installed 1 or 2 units; the flexibility of the modular system will improve the future use of the theatres in many ways. Those will as mentioned reduce the camouflaged part of the infection rates in the less clean operations. This will ultimately mean even more patients, compared to those in the clean operation situation will be able to leave the hospital with no post operative infections due to the extra protection given by the UCV's and especially the 5th. Generation UCV's.

As an example we can make a calculation based on frequently achieved reduction of infections after hip replacement,  performed with bettered Laminar Air Flow installations, from 1 % to 0.3%  in new infection rate, in average in  3 year period.  We  assume the infection costs  to EUR 10 000  in average ( may be a to low estimate ). The totals of operation in the theatre are estimated to 700 / year.
This gives extra savings pr 3 year and theatre of  700 x 0.007 x 10.000 x 3  =  EUR 147.000,- 

The cost of one standard UCV is aprox 30.000 to 60.000 EUR depending on options, type and make. The costs for the basic models of the 5th. Generation types are aprox equal to the second to fourth generation models. There are therefore SUBSTANTIAL savings to society if units are installed into existing theatres and the new ones to be built. Even when you add the cost of the outside air systems, which must be installed anyhow, this is still a very profitable investment for the future.

This is in fact for many Hospitals a conservative estimate, bearing in mind that they have much higher infection rates and also frequencies of operations.  Emergency theatres for instance may reach 7 - 8 operations pr 24 hours, 7 days a week. Other theatres may have rates of 1000 operations or more pr. year. The cost of long term payments to persons off work due to the ill effects of an operation, are obviously not included in this estimate, but are still considerable for society at large. 

Conclusions 

The total costs for patient treatment also includes those who return to hospital due to hospital acquired diseases, which only become apparent after leaving hospital. Deep wound infections and infections making joints loosening may be diagnosed months after the operation. 

Calculations show that the payback time for any investment that successfully prevents infections will be among the very best. There can be few investments for, the society that can compete with these in cost effectiveness. This is particularly the case where deep wound infections are involved. The potential for savings in this area are still considerable. This cost is approximately equivalent to an installation of only one high quality UCV in a theatre where thousands of operations are performed. For the above-mentioned reasons and others not covered by this article, the planning, design and construction of operating theatres must meet the needs of tomorrow.  Flexibility of design is an absolute essential requirement. Every part of the total construction including the Laminar Airflow Ceilings must be considered. Design must be considered for multiple purposes. Designs that only cater for specialized surgery that relatively seldom occurs will involve far too high costs. Therefore large multipurpose rooms equipped to meet the needs of general and specialized surgery will be the dominating feature of future hospitals. This will create the need for UCV’s in almost every operating theatre in the future.  The development and improvement of less invasive procedures has been impressive, however today, 80 % or more involves ordinary invasive surgery and this will probably be the case for the foreseeable future. All this calls for infection barriers of the utmost flexibility and highest quality. The internationally patented 5th generation of UCV’s will be integral part of that barrier. Finally although some surgeons may be reticent to work under different conditions, they must bear in mind that these units can be adjusted to any desired type of velocity and temperature settings, equalling any other designs in the market, and capable of providing the ordinary climate he is used to.

More information is given in the initially mentioned treatise on the subject, which may be obtained by applying to the author.
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