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Summary
Background: The sterility of the medical 
devices used in an operating room (OR) is 
one main aspect to avoid surgical site in-
fections. This study analyzed the influence 
of different ventilation situations with re-
gard to contamination of the medical de-
vices. Method: We analyzed laminar airflow 
(LAF) ceilings, size 3.2 m x 3.2 m (Ia-OR), 
and turbulent ventilation systems (Ib-OR). 
The Ia-OR was successfully qualified with 
degree of protection measurement accord-
ing to DIN 1946-4: 2008. The Ib-OR was 
qualified with a recovery test. Within the 
Ia-OR additional measurements were done 
out-side of the protected area of the LAF to 
show the importance of this area. 
Results: The results show a relationship 
between medical device contamination 
and the kind of ventilation system used. 
The medical devices in the Ib-OR and out-
side the protected area were contaminated 
more often and with more microbes than 
within the protected area under the LAF. 
Discussion: The extent to which the pro-
visions of the medical devices guideline 
(KRINKO/BfArM Recommendation are 
being fulfilled under such ventilation con-
ditions is questionable. The Recommen-
dation explicitly states that medical device 
sterility must be maintained until the point 
of use. The aim of the present study was 
to focus on one, hitherto frequently over-
looked, aspect of intraoperative instrument 
contamination.

Introduction
Some four years on from the amendment 
of DIN 1946-4:2008-12 on the use of heat-
ing, ventilation and air-conditioning (HVAC) 
systems in buildings and rooms used in the 
health care sector, the potential benefits of 
large airflow ceilings in OR rooms continue 
to elicit animated discussion (Table 1) [1]. 
This is due to the unclear study results. The 
findings of the studies carried out are con-
tradictory with regard to infection prophy-
laxis [2–4]. Nor has light been cast on this 
situation by the commentary made by the 
Commission for Hospital Hygiene and In-
fection Prevention (KRINKO) at the Robert 
Koch Institute (RKI) on DIN 1946-4:2008-12 
[5]. While assignment of this matter to the 
category of ‚unresolved issues‘ is scientif-
ically comprehensible, the resultant con-
clusion, advocating discontinuation of the 
use of Ia-OR rooms is less understandable. 

The greatest challenge when investigating 
the efficacy of ventilation systems derives 
from the fact that the impact of the ventila-
tion system in the OR cannot be viewed in 
isolation. Among other influence factors is, 
in particular, the role of perioperative anti-
biotic prophylaxis, which is now a standard 
procedure, especially for endoprosthetic 
operations. However, all other risk factors 
mentioned in the KRINKO Recommenda-
tion for Prevention of Postoperative Surgi-
cal Site Infections play a role [6]. But many 
of these factors are dependent on the sur-
gical team or patient, hence it is very diffi-
cult to assess their individual impact. 

However, this situation can be greatly 
remedied by focusing exclusively on con-
tamination of sterile instruments during an 
operation. Contaminated instruments can 
be the source of surgical site infections. 
Hence the KRINKO Recommendation for 
Prevention of Postoperative Surgical Site 
Infections cites observance of strict aseptic 
practices as being one of the most impor-
tant measures of infection prevention [6]. 
Since instruments come into direct con-
tact with the surgical site, they can cause 
post-operative wound infections. There-
fore, the procedures used to reprocess 
such instruments are subject to stringent 
requirements. The legislation governing 
medical device reprocessing is set out in 
the Medical Devices Directive and in asso-
ciated regulations, and applies to medical 
devices that should be sterile, or at most 
harbour only a low microbial count, when 
put to use [8]. Appropriate cleaning, disin-
fection, packaging and sterilisation of med-

ical devices are assured through the use 
of validated processes. The aim here is to 
ensure maintenance of the sterility of the 
instruments until the tray or other items 
of packaging are opened. Next, the instru-
ments are placed on the instrument table, 
where they remain until they are used on 
the patient. To date, there are in most cas-
es no rules on how long instruments can be 
left on the table until they are used on the 
patient. The KRINKO Recommendation for 
Prevention of Postoperative Surgical Site 
Infections does not address this matter [6].

But the RKI Recommendation on Hy-
giene during Operations and Other Invasive 
Procedures states that the instruments 
and instrument tables should be posi-
tioned beneath the laminar airflow (LAF) 
ceiling [7]. This area is called the protect-
ed area and comprises the OR table with 
patient, sterile-gowned surgical staff as 
well as the instrument tables. The topic of 
protected area and definition of this area 
are elaborated on in greater detail in DIN 
1946-4:2008-12 [2]. However, there are no 
scientific data to corroborate the need for 
such measures.

The present study aimed to investigate 
whether contamination of instruments in 
the OR occurred during surgery and, if so, 
to gain insights into the microbial count on 
instruments exposed to different ventila-
tion systems (Room class Ia and Ib) as well 
as outside the protected area in Ia operat-
ing rooms.

Table 1: Supply air systems as per DIN 1946-4:2008-12 for OR rooms with ‘high’ (room class Ib) and with ‘particularly 
high’ air purity (room class Ia).

Room Class Ia Room Class Ib

LAF air supply ceilings ≥ 3.2 x 3.2 m 

(standard size)

Protected area with low-turbulence displace-
ment ventilation (flow) extending approx. 
3 m x 3 m at working height and encompass-
ing OR team, OR table and instrument tables

or 

LAF air supply ceilings < 9 m2 with proof for 
each individual position analyzed that the 
low-turbulence protected area encompasses 
the OR team, OR table and instrument tables 
and the protectively isolated patient  

Turbulent mixed airflow (TMA), indi-
vidual outlets 

or

LAF air supply ceilings 3 to < 9 m2 

with low-turbulence displacement 
flow which may not fully encompass 
the OR team and instrument tables 
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Materials and Methods 
To ascertain the microbial count on OR 

instruments in relation to the ventilation 
system used, a test setup was devised.   It 
was possible to implement this experimen-
tal procedure during routine working prac-
tices, without any interference with these. 
Since endoprosthetic knee and hip opera-
tions make stringent demands on hygiene, 
our investigations were confined to these 
operations. 

To establish whether there is a relation-
ship between the ventilation system used 
and instrument contamination, three ven-
tilation situations were investigated using 
measurement technology methods:
1. Within an LAF protected area, which had 

been successfully qualified with degree 
of protection measurement as per DIN 
1946-4:2008-12 (room class 1a),

2. Outside the LAF protected area,
3. Within an OR with turbulent ventilation 

as per DIN 1946-4:2008-12 (room class 
Ib) in the vicinity of the real instruments, 
which had been successfully qualified as 
room class Ib with a recovery test. 

The boundary conditions were virtual-
ly identical in both operating rooms: the 
rooms were under positive pressure, the 
doors remained shut during operations, 
the number of persons in the OR as well as 
average operating times (Ia protected area: 

mean value 70 min; Ia outside area: mean 
value 69 min; Ib: mean value 65 min) were 
identical. 

An additional instrument table, des-
ignated in the following as the ‘sampling 
table’, was positioned in the immediate vi-
cinity of the actual instrument tables (Fig-
ure 1). Both the airborne microbial count 
concentration and microbial sedimentation 
were measured on this sampling table.

The airborne microbial count was de-
termined by means of impaction methods 
(impactor FH 5, manufacturer: Klotz). Mi-
crobial sedimentation was measured with 
two sedimentation plates as per DIN 1946-
4:2008-12 Annex F. In addition, real instru-
ments, represented by five sterile Crile 
clamps were arranged on the sampling ta-
ble. The Crile clamps were chosen for two 
reasons. First, clamps and scissors are 
part of the basic instrument complement 
needed in several operations. Second, 
clamps are not unduly demanding when it 
comes to determining the bioburden. 

Columbia blood agar plates were used 
for the impaction method and for sedi-
mentation. After sampling, the plates were 
incubated in the laboratory at 36 °C for 48 
hours and then the colony forming units 
(cfus) were determined. The bioburden on 
Crile clamps was measured as per DIN EN 
ISO 11737-1: 09-2009 [8]. Each clamp was 

swivelled in a vessel containing trypticase 
soy broth (TSB). The broth was then passed 
through a membrane filter. Next, the fil-
ter was incubated for 48 hours at 36 °C 
and evaluated. The transport and sample 
preparation conditions were monitored by 
means of a transport control facility.

For the endoprosthetic operations cho-
sen, an approximate incision-suture time  
of 70 minutes can be expected. During that 
time, the sampling table was positioned in 
a designated manner.

Ten measurements were performed for 
each ventilation system, amounting to a to-
tal of 30 airborne microbial concentration 
measurements, 60 sedimentation plates 
and 150 Crile clamps. All measurements 
were commenced after making the inci-
sion. The sedimentation plates as well as 
the Crile clamps were exposed through-
out the entire incision-suture time. It was 
not possible to evaluate three of the Crile 
clamps since they were unsterile at the 
time of sampling.

Results
The results obtained for the three test se-
ries showed that there were marked differ-
ences in the microbial counts between the 
various ventilation systems (Table 1, Figure 
2). The mean value for the airborne micro-
bial count measurements was based on 10 
measurements using, in each case, 1000 l. 
The mean value for the sedimentation 
plates was obtained from 20 plate meas-
urements. The number of Crile clamps in-
vestigated varied according to the test se-
ries since, as mentioned before, it was not 
possible to evaluate some of the clamps.

The mean value for the airborne micro-
bial count within the Ia LAF-protected area 
was 0.4 cfu/m³, and was the lowest meas-
ured. There was a 55-fold increase in the 
number of airborne cfus outside the pro-
tected area. And in the Ib-OR with turbulent 
ventilation, values were more than 150-fold 
higher than in the Ia-OR protected area.

For the sedimentation plates the same 
trend was observed as for the airborne mi-
crobial count measurements. The lowest 
contamination level was detected in the Ia-
OR, and the highest in the Ib-OR.

A similar situation was observed as re-
gards the contamination levels on the Crile 
clamps.  Here, too, the number of cfus on 
instruments was higher in the Ib-OR than 
in the protected area of the Ia-OR. 

Figure 1: Sampling table with test setup. A) Air sampler, B) Sedimentation plates, C) Crile clamps

A

B C
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Direct comparison of the cfus on sedimen-
tation plates and on Crile clamps is not 
possible in this state. To that effect, the re-
sults must first be converted on the basis 
of an equivalent sized surface area (Table 
3). The sedimentation plates employed 
had a total surface area of 56.7 cm². The 
surface area of the Crile clamps was esti-
mated to be around 25 cm². Here, the sup-
porting surface of the sterile surgical drape 
on which the instruments were placed was 
not taken into account. These calculations 
revealed that the cfus on the instruments 
were considerably higher than on the sedi-
mentation plates.

Table 4 gives a summary of the individu-
al results for instrument contamination for 
the respective ventilation type.

There are two conspicuous findings with 
respect to these values. The absolute num-
ber of contaminated instruments is twice 
as high in the Ib-OR as within the protected 
area of the Ia-OR. Furthermore, the maxi-
mum number of cfus on individual instru-
ments under both turbulent ventilation 
conditions is much higher than beneath 
the LAF flow.

Discussion  
The results show that the airborne mi-

crobial count within the protected area of 
an Ia-OR is much lower than outside the 
protected area or in a Ib-OR. That also re-
flects the general expectations. Thanks to 
the high air change rate and unidirectional 
airflow in the Ia-OP, microorganisms are 
being effectively eliminated.

Nor is the link seen between the air-
borne microbial count and microbial sed-
imentation anything new.  But, contrary 
to expectation, that relationship does not 
appear to be linear. While the mean value 
of the airborne microbial count in the Ib-
OR is around 150-fold higher than in the 
protected area of the Ia-OR, the number of 
cfus on the sedimentation plates or instru-
ments does not rise to the same extent. 
One possible explanation for this is that 
sedimentation rate beneath the LAF ceiling 
is higher because of the top to bottom uni-
directional flow than under turbulent venti-
lation conditions. In the latter setting, there 
is no unidirectional flow; instead, there is 
transverse airflow and, accordingly, a lower 
probability of hitting the instrument table.

One interesting observation in this 
study is the higher number of cfus on in-

Table 2: Results of the airborne microbial count measurements, of sedimentation plate and Crile clamp contamina-
tion levels subject to different ventilation systems

Ia-OR 
protected area 

Ia-OR outside 
protected area 

Ib-OR 

Impaction method Mean value [cfu/m³] 0.4 23 63.5 
Standard deviation 0.7 15.6 36.6 
Variation coefficient 1.66 0.68 0.58 
Minimum [cfu] 0 2 24 
Maximum [cfu] 2 50 147 

Sedimentation 
plates 

Mean value [cfu/m³] 0.5 3.2 3.8 
Standard deviation 1.0 4.0 2.7 
Variation coefficient 2.27 1.26 0.71 
Minimum [cfu] 0 0 0 
Maximum [cfu] 4 12 12 

Crile clamps Mean value [cfu/m³] 0.8 3.5 3.9 
Standard deviation 1.9 10.1 8.0 
Variation coefficient 2.4 2.9 2.0 
Minimum [cfu] 0 0 0 
Maximum [cfu] 8 64 48 

Figure 2: Comparison of airborne microbial count determination, of sedimentation plate and Crile clamp contami-
nation levels for the various ventilation systems

Table 3: Comparison of contamination levels on sedimentation plates and Crile clamps, of an equivalent size surface 
area, for the different ventilation systems

Ia-OR 
protected area

Ia-OR outside 
protected area

Ib-OR

Sedimentation plates [cfu/50 cm2] 0.4 2.8 3.4
Crile clamps [cfu/50 cm2] 1.6 7.0 7.8

Table 4: Individual results for Crile clamp contamination levels with the different ventilation systems

Ia-OR 
protected area

Ia-OR outside 
protected area

Ib-OR

Number of clamps 48 49 50
Clamps with 0 cfu 33 26 17
Proportion of contaminated clamps 31 % 47 % 66 %
Mean value [cfu] 0.7 2.8 3.6
Maximum value [cfu] 7.4 64.0 44.3
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struments compared with sedimentation 
plates. At first glance, this appears difficult 
to explain. One reason could be the struc-
ture of the sedimentation plate. The blood 
agar plates normally used have an outer 
synthetic rim with a height of around 1.5 
cm. The air hits against the nutrient me-
dium but, because of the rim, it is unable 
to spread out to the sides. This gives rise 
to an air cushion, which impedes further 
air exchange. To put that theory to the test, 
using the experimental setup described 
above the sedimentation rate was investi-
gated also using rimless agar plates (con-
tact plates). The number of cfus was mark-
edly higher on the rimless plates than on 
the normal sedimentation plates (data not 
illustrated). 

That contaminated instruments pose a 
risk of infection is beyond doubt [9]. This is 
why instrument reprocessing is regulated 
by the Medical Devices Directive and regu-
lations based on this [10]. 

The investments needed to assure the 
technological and hygiene aspects of medi-
cal device reprocessing are enormous. This 
commences immediately after the medical 
device is used on a patient and the entire 
reprocessing circuit must be traversed un-
til the instrument is reused again [9]. Our 
findings have clearly demonstrated that 
the entire reprocessing chain is being jeop-
ardized by exposing the instruments under 
uncontrolled environmental conditions in 
the operating room.

During the test phase, the instruments 
were left for 60 to 70 minutes on the in-
strument table. But many operations take 
much longer. There are hygienic prescrip-
tions whereby oronasal masks or sterile 
gloves should be exchanged intraopera-
tively. But, in the majority of cases, there 
are no recommendations on how long ster-
ile instruments may be left exposed within 
the OR until they are reprocessed.

To date, it was always assumed that 
airborne microbes entered the surgical 
wound directly. Our results suggest that 
an indirect entry route via contaminated 
instruments plays a more important role 
than hitherto believed. Since qualitative 
determination of the microorganisms in-
volved was not the focus of this paper, the 
implications of our findings for onset of 
postoperative surgical site infections are 
difficult to estimate. In view of the unex-
pectedly high level of contamination on the 

instruments, a second study will be con-
ducted to identify, in particular, the micro-
bial spectrum on the instruments. 
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