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An experimental study was conducted in a hospital in Liguria 
(northern Italy) on two groups of patients with the same disease 
severity who were undergoing the same type of surgery (primary 
hemiarthroplasty). Our aim was to assessing the results of a qual-
ity-improvement scheme implemented in the operating room.
The quality-improvement protocol involved analyzing a set of 
parameters concerning the operating team’s behavior and environ-
mental conditions that could be attributed to the operating team 
itself. A program of training and sanitary education was carried to 
rectify any improper behavior of the operating staff. 
Two hundred and six hip-joint replacement operations (primary 
hip hemiarthroplasty - ICD9-CM 81.51) all conducted in the same 
operating room were studied: 103 patients, i.e. operations per-

formed before the quality-improvement scheme and 103 patients, 
i.e. operations performed after the quality improvement scheme; 
all were comparable in terms of type of surgery and severity. The 
scheme resulted in an improvement in both behavioral and environ-
mental parameters and an 80% reduction in the level of microbial 
air contamination (p < 0.001). Patient outcomes improved in terms 
of average postoperative hospitalization time, the occurrence and 
duration of fever (>37.5°C) and microbiological contamination of 
surgical wounds. 
From an economic point of view, facility efficiency increased by 
28.57%, average hospitalization time decreased (p<0.001) and 
a theoretical increase of € 1,441,373.58 a year in revenues was 
achieved. 
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Summary

Introduction

Surgical site infections (SSIs) are a major cause of mor-
bidity and place an economic burden on hospitals world-
wide [1]. Identifying and implementing evidence-based 
strategies designed to minimize SSI is therefore an im-
portant clinical goal. The rate of surgical wound infec-
tions is strongly influenced by operating room quality. 
An operating room is an extraordinarily complex system 
in which numerous risk factors are present, including not 
only the features of the structure and its fixtures, but also 
the management and behavior of healthcare workers. A 
safe and salubrious operating room is an environment in 
which all sources of pollution and any micro-environ-
mental alterations are kept strictly under control. This 
can be achieved only through careful planning, main-
tenance and periodic checks, as well as proper ongoing 
training for staff [2]. 
Knobben et al. [3] observed that the combination of sys-
temic and behavioral measures in the operating theater, 
such as wearing proper attire and limiting needless activ-
ity, led to a reduction in the incidence of intra-operative 
bacterial contamination and, consequently, of prolonged 
wound discharge and superficial SSI. Moreover, after 
one-year follow-up, fewer deep periprosthetic infections 
were recorded. While it is difficult to determine the rela-
tive influence of each individual measure on the final 

result, the combination of all these parameters evidently 
creates the most effective weapon against infections.
Many studies have shown that various methods can be 
adopted in order to minimize postoperative infection; 
one of the most effective ways has proved to be the ad-
ministration of prophylactic antibiotics within 1 hour of 
surgical incision and continuation of their use during the 
immediate postoperative period [4]. However, microor-
ganisms that are resistant to antibiotic treatment have 
been increasingly involved in SSIs, which is one of the 
main reasons why patients still suffer adverse outcomes 
from postoperative infections. Indeed, the number of 
SSIs caused by methicillin-resistant Staphylococcus (S.) 
aureus (MRSA) has increased dramatically [5], and re-
cent studies have shown that reduced susceptibility to 
vancomycin and other glycopeptides is emerging in var-
ious MRSA clones all over the world [6, 7].
In 2008, the World Health Organization (WHO) pub-
lished guidelines recommending several practices to 
ensure the safety of surgical patients worldwide  [8]. 
Haynes et al. subsequently found that introducing the 
WHO Surgical Safety Checklist into operating rooms 
in eight hospitals was associated with marked improve-
ments in surgical outcomes; postoperative complication 
rates fell by 36% on average, and death rates were re-
duced to a similar degree [9]. 
A management philosophy which seeks continuous im-
provement in hospital processes, products and services 
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and, in this specific case, in the operating room, is re-
quired in order to guarantee healthy conditions both 
for in-patients undergoing surgery and for health care 
providers. At the same time, maximum efficiency and 
effectiveness of the resources utilized must be ensured. 
For these reasons, measures undertaken to improve qual-
ity concern the entire organization, staff and facilities of 
the hospital [10-13].
Hence, quality improvement schemes yield both social 
and economic benefits. Social benefits comprise lower 
rates of postoperative complications and improved com-
fort and safety both of patients undergoing surgery and 
of health care providers. Economic benefits stem from 
the cost reductions resulting from shorter hospitaliza-
tion due to optimization of operating room and staff use. 
Moreover, a lower postoperative complication rate re-
duces the need for antibiotic therapy and also shortens 
hospitalization.
We conducted an experimental study in a hospital in 
Liguria (northern Italy) on a group of patients with the 
same severity of illness (same ASA score) for whom the 
same resources were utilized (same patient management 
categories). Our purpose was to assess the results of a 
quality improvement scheme involving the operating 
room. Here, we report the results of the scheme in terms 
of environmental microbiological features and clinical 
outcomes. 

Materials and methods 

The study was conducted in 2012.

Quality-improvement protocol
The protocol was implemented over an 8-month pe-
riod and included the following: (a) analysis of a set 
of parameters concerning the operating team’s behav-
ior (Tab. I); (b) evaluation of the airborne microbial 
load attributable to the operating staff; evaluation of 
microbiological features of surfaces and air from in-
let ports of the ventilation system, upon completion 
of sanitation; (c) training and sanitary education to 
rectify inappropriate behaviors of the operating staff 
and to optimize plant and equipment maintenance and 
management by the technical staff. Conditions and 
behaviors (Tab. II) expected to improve the quality 
of the operating room environment were illustrated 
to the staff; particular emphasis was placed on cloth-
ing, operating room management, patient preparation 
and the various procedures used, through continuing 
medical education (CME) and the application of tech-
niques focused on specific issues [14, 15].

Room quality and ventilation
The design of the operating suite provides adequate 
space for reception, anesthesia, surgery, recovery, 
and observation of patients. The air-conditioning sys-
tem in the operating suite is equipped with high-effi-
ciency particulate air (HEPA) filters, provides 24 air 
exchanges per hour by means of turbulent flow and is 

checked regularly by the maintenance staff. The same 
type of filter was used throughout the study.

Airborne and surface bacterial load
Airborne and surface bacterial loads were determined 
both before and after implementation of the quality-
improvement scheme.
Microbial measurements were taken under rigorously 
aseptic conditions by means of a portable Surface Air 
System (SAS) SUPER 100 (PBI International®) im-
pactor equipped with RODAC plates (Ø =  55 mm) 
containing γ -irradiated TSA (Tryptone Soy Agar) cul-
ture medium (Biotest Italia s.r.l.). In order to sample 
the air in the center of the room, the instrument was 
positioned in the immediate vicinity of the operating 
table, at a height of 1.5 m. During each procedure, 
a 1000 L volume of air was aspirated by means of a 
multi-aspiration modality; the impactor was switched 
on by remote control just as the skin was incised, and 
was switched off on completion of suturing [16]. To 

Tab. I. Analysis of a set of parameters concerning the operating 
team’s behavior.

1. During operations
How many people are in the operating room? 
How many people not belonging to the operating staff 
are in the operating room?

2. In the operating room
How many people use gloves?
How many people replace their surgical mask after every 
operation?
How many people wear proper clothes?
How many people use universal precautions?
Opening of doors

3. Assessment of procedures and protocols for
hand-washing,
routine and terminal cleaning,
aseptic techniques,
sterilization,
infectious patients,
pre-operative and post-operative management of 
patients,
waste management

Tab. II. Behavioral and organizational interventions undertaken in 
the operating room.

1.	 Surgical staff
Opening of doors kept to minimum
Restricting access to the operating room of people not 
belonging to the surgical team.
Movement of people kept to minimum
No changing of personnel during operation
Proper wearing of body covering:
•	 use of disposable non-woven fabric suits,
•	 use of clothes covering the whole body.
•	 surgical mask replaced after every operation

2.	 Implementation of protocols for:
Routine and final cleaning.
Pre-operative and post-operative management of 
patients.
Routine control of air-conditioning system.
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determine the bacterial load of the airflow from the 
inlet ports of the ventilation system in at-rest condi-
tions, the sampler was positioned in proximity to the 
flow-regulators. The total volume of air sampled was 
1000 L. In order to prevent contamination, each plate 
was sealed after sampling and carried to the quality 
control laboratory in a biocarrier [17]. Plates were 
incubated at 37°C for 48 h before the total aerobic 
bacterial count was measured. Microbiological results 
are expressed as Colony Forming Units (CFU)/m3.
Microbial sampling of surfaces was conducted by 
means of RODAC contact plates (Ø = 55 mm) con-
taining Columbia blood agar culture medium (Biotest 
Italia s.r.l.). Sampling was carried out after sanitation 
of the operating room, as indicated by ISPESL and 
by the French guidelines [16, 18]. Plates were incu-
bated at 37°C for 48 h before the total aerobic bacte-
rial count was measured. Microbiological results are 
expressed as CFU/plates. 
Subsequently, a search for S. aureus was undertaken. 
An 18-24 h culture of the test organisms was then pre-
pared by inoculating a tube of Brain Heart Infusion 
Broth with a loopful of growth taken from pure cul-
ture, and a coagulase tube assay (Coagulase Plasma 
EDTA – Biolife Italiana S.r.l.s) was performed. The 
specificity of the reaction was checked by means of 
a control test carried out on each positive sample (S. 
aureus ATCC 25923).
The colonies that proved positive on the coagulase 
test were subjected to an antibiogram in order to eval-
uate methicillin/oxacillin resistance, according to the 
Oxacillin Agar Screen Test of the National Commit-
tee for Clinical Laboratory Standards (NCCLS, 2002, 
12th Informational Supplement).

Patients
In order to obtain homogeneous and thus comparable 
data, the study recruited patients with the same dis-
ease severity (same ASA score) who were undergoing 
the same type of surgery.
We monitored 206 hip-joint replacement operations 
(ICD-9-CM 81.51) performed in the same operating 
room. These were divided into two groups: group 1 
comprised 103 patients who underwent surgery before 
the beginning of the quality-improvement scheme; 
group 2 comprised 103 patients who underwent sur-
gery after completion of the scheme.
Each patient from group 1 was matched with one pa-
tient from group 2. Both groups displayed comparable 
features: i.e. no concurrent diseases, age, sex, etc.. All 
patients in both groups followed the same protocol 
of prophylactic antibiotics: a single administration 
of 200 mg of Vancomycin combined with 400 mg of 
Pefloxacine 1 hour before surgery. All patients under-
went surgery within 24 hours of hospitalization. 
No joint sepsis or abnormal pain in the joint was not-
ed in any of the patients.
The following parameters were considered for each 
patient:
•	 postoperative pyrexia above 37.5°C;

•	 administration, if any, of additional antibiotics;
•	 days of hospitalization.

Statistical analysis
Statistical analysis was carried out by means STATA/
SE9tm software (StataCorp LP, College Station, TX, 
USA). The results were analyzed in terms of descriptive 
statistics, and the relationships between data were exam-
ined by means of a t-test and Pearson’s chi-squared test. 
A value of P less than 5% was considered significant. 
The rho Spearman rank correlation was used to assess 
the degree of association between the duration of py-
rexia (>37.5°C) and hospitalization time.

Ethics statement
We did not need ethics committee approval, as the 
study was carried out as part of routine control tests 
that we conduct in the operating rooms of the hospital. 
As is the case of all studies conducted in the hospital 
environment, the General Management of the hospital 
approved the study protocol. The General Manage-
ment is responsible for ensuring the ethical aspects of 
all activities of the hospital. Furthermore, the entire 
study was organized in accordance with a protocol 
agreed upon with the operating room teams. On enter-
ing the hospital, all patients sign an informed consent 
form regarding treatments in the hospital and the con-
ditions of those treatments. Finally, the research was 
carried out in full respect of the Italian law on privacy 
(Legislative Decreee n. 196 of 30 June, 2003,).

Results

The behavioral and organizational interventions under-
taken in the operating room are presented in Table II. 
Table III reports the average values of the various pa-
rameters considered. 
With regard to environmental monitoring, the median 
value of the airborne bacterial load detected during the 
first set of measurements was 15 CFU/m3; this value de-
creased to 3 CFU/m3 (80% drop) in the second set of 
measurements (t-test  =  -13.5060, p  <  0.001). The mi-
crobial load of the airflow through the inlet ports proved 
to be <  1 CFU/m3 both first and second set of meas-
urements. The median surface bacterial load decreased 
from 2 CFU/plate to 0 CFU/plate. 
Analysis of the surfaces sampled before the quality-im-
provement scheme revealed contamination by 3 CFU of 
S. aureus, one strain of which proved to be MRSA; after 
implementation of the quality-improvement scheme, no 
S. aureus was found.
With regard to complications of patients, a 31.91% re-
duction in pyrexia (above 37.5°C) was recorded post-
operatively. The number of patients with fever fell from 
94/103 (91.26%) before implementation of the quality-
improvement scheme to 64/103 (62.14%) after imple-
mentation. This difference proved statistically signifi-
cant (Χ2 = 24.4462, p = 0.0000), with an Odds Ratio of 
6.36 (95% Confidence Interval [CI]: 2.77-15.86). The 
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duration of pyrexia (> 37.5°C) was longer in the patients 
belonging to group 1 (6.84 ± 3.15 days) than in the sub-
jects belonging to group 2 (3.16 ± 1.05 days) (t = 8.1251, 
p = 0.0000). Some of the patients with pyrexia received 
additional antibiotics: 31/94 (32.98%) of group 1 versus 
11/64 (17.19%) of group 2. The difference was statisti-
cally significant (Χ2 = 4.8651, p = 0.020) with an Odds 
Ratio of 2.37 (95% CI: 1.03-5.72). 
The average duration of hospitalization significantly de-
creased from 7.99 ± 3.24 days (group 1) to 4.92 ± 0.96 
days (group 2) (t-test  = 9.1998, p = 0.0000); a signifi-
cant correlation (rho = 0.7730) emerged between the du-
ration of pyrexia (> 37.5°C) and the time of postopera-
tive hospitalization (p < 0.0000).
Finally, considering that in 2012, 596 operations were 
performed in this operating room, which is used exclu-
sively for hip-joint replacement operations (ICD-9-CM 
81.51) and also that, according to Italian law [19], the 
reimbursement is made by means of Diagnosis-related 
group (DRG n. 544) and the unit cost of hip-joint re-
placement operations amounts to € 8,565, we examined 
the functional and economic implications of the changes 
that were brought about. Owing to the reduction (3.07 
days) obtained in the average duration of hospitaliza-
tion, 828 more days became available for hospitaliza-
tion. If we consider the average duration of hospitaliza-
tion among group-2 patients, i.e. 4.92 days, 168 more 
operations could potentially be performed in this oper-
ating room. Thus, the waiting list (currently more than 
2,000 people) could also be shortened, thereby produc-
ing clear social advantages.

Discussion and conclusions

A high degree of variability in air microbial contamina-
tion has been observed in some studies among operat-
ing suites and operating rooms, suggesting that factors 
which strongly affect the quality of air (e.g. number of 

people in the operating room, their movements, door-
opening rate) may not be well controlled [3, 20-23].
Whyte et al. showed [24] that the incidence of joint sepsis 
progressively declines as air contamination is reduced, 
and that this trend is more marked below the value of 10 
CFU/m3. Specific regulations concerning this issue have 
already been enforced in many countries [25, 26].
At the beginning of our study, the air bacterial load 
was fairly satisfactory (median 15 CFU/m3). Neverthe-
less, though the technological and structural features of 
the operating room remained unchanged, measures to 
improve staff behavior yielded a net improvement in 
clinical outcomes. This improvement was paralleled by 
the very low levels of air bacterial load (3 CFU/m3) ob-
tained. Another our study confirms this result. [27]. 
With regard to surface bacterial load, an improvement 
was obtained after the implementation of sanitation pro-
tocols that included the use of hydrogen peroxide. In-
deed, it has been shown that proper sanitation with hy-
drogen peroxide, which, even at low doses, reduces the 
bacterial load on surfaces by 50% [28], can eliminate 
S. aureus. Hence, clinical outcomes also improved, as 
indicated by the shorter duration of pyrexia (48.54% re-
duction) and hospitalization (28.57% reduction).
The presence of S. aureus, particularly MRSA, in the 
environment of the operating room reveals the impor-
tance of reducing the microbial load during surgery at 
high risk of SSI and highlights the fact that antibiotic 
prophylaxis, which is obviously necessary, should al-
ways be accompanied by good practice on the part of the 
operating staff.
Improved performance is mainly achieved through 
greater efficiency, rather than through the allocation of 
greater resources. Therefore, in addition to lowering the 
unit cost of the resources employed (overheads, struc-
tures, staff etc.), the hospital also receives more funds. 
The estimated increase in the number of operations that 
can be performed by the hospital means that revenues 
could be increased by € 1,441,373.58 a year (€ 8,565 

Tab. III. Average values of the various parameters considered and percentage change after implementation of the quality improvement scheme.

A B C
Total microbial contamination — air (CFU/m3)
operating room - median (Q1-Q3)§ 15 (10-20) 3 (0-5) -80
air-conditioning plant < 1 < 1
Total microbial contamination — surfaces (CFU/plate) 
operating room - median (Q1-Q3) § 2 (2-4) 0 (0-1) -100
Staphylococcus aureus surface (n.) 3 0 -100
MRSA contamination — surface (n.) 1 0 -100

Pyrexia above 37.5°C § 91.26% 62.14% -31.91
duration of pyrexia (days) above 37.5°C (mean+S.D)§ 6.84±3.15 3.16±1.05 -48.54
addditional antibiotic therapy§ 32.98% 17.19% -47.88
days of hospitalization (mean + SD)§ 7.99 ± 3.24 4.92 ± 0.96 -28.57
Greater revenue(Euro) due to more operations € 1,441,373.58

Legend
A = case (before environment improvement); B = control (after environment improvement); C = percentage variation
§ = p ≤ 0.001
SD = Stadard Deviation
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X 168 extra hip-joint replacements that could be per-
formed). 
Moreover, shortening the waiting list would result in 
fewer patients going to hospitals outside their region. 
The Regional Healthcare System pays 20% more for a 
DRG performed in an extra-regional hospital (100%) 
than for the same DRG carried out in a hospital within 
the Regional Healthcare System (80%). 

These data show the economic advantages deriving from 
a quality improvement scheme. However, the social 
and human benefits obtained should also be taken into 
account: namely, less discomfort for patients due to a 
shorter period away from home, higher quality of hos-
pitalization as a result of fewer complications, and less 
time spent waiting for an operation that will improve the 
patient’s quality of life.
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