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Abstract: Squamous cell carcinoma represents the most common cancer affecting the oral cavity. At
the University of Naples “Federico II”, two different antibiotic protocols were used in patients
undergoing oral mucosa cancer surgery from 2006 to 2018. From 2011, there was a shift; the
combination of Cefazolin plus Clindamycin as a postoperative prophylactic protocol was chosen. In
this paper, a health technology assessment (HTA) is performed by using the Six Sigma and DMAIC
(Define, Measure, Analyse, Improve, Control) cycle in order to compare the performance of the
antibiotic protocols according to the length of hospital stay (LOS). The data (13 variables) of two
groups were collected and analysed; overall, 136 patients were involved. The American Society of
Anaesthesiologist score, use of lymphadenectomy or tracheotomy and the presence of infections
influenced LOS significantly (p-value < 0.05) in both groups. Then, the groups were compared: the
overall difference between LOS of the groups was not statistically significant, but some insights
were provided by comparing the LOS of the groups according to each variable. In conclusion, in
light of the insights provided by this study regarding the comparison of two antibiotic protocols,
the utilization of DMAIC cycle and Six Sigma tools to perform HTA studies could be considered in
future research.

Keywords: health technology assessment; six sigma; maxillofacial surgery; healthcare; drugs

1. Introduction

Cancer of the oral cavity is one of the most common malignant neoplasms world-
wide [1] and can affect all types of tissues that compose the mouth, including muscles,
bones, salivary gland and mucosa. Among these malignancies, squamous cell carcinoma
(SCC) represents the most common cancer affecting the oral cavity [2] and is the sixth most
common cancer [3].

Multiple variables influence the incidence of oral cancer, including poor oral hygiene,
smoking [4], alcohol habit, viral infections and chronic inflammation [5,6]. SCC of oral
mucosa can also arise without any previous risk factors [7]. Despite the fact that it is
easy and requires clinical inspection and a biopsy of the neoplasm, representing the gold
standard procedure [8], oral cancer diagnosis is often discovered only when patients present
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an advanced stage of disease. The treatment of oral cancer requires different approaches,
such as chemotherapy and radiotherapy, but surgery remains the main treatment [2].

This study is based on the analysis of clinical outcomes of patients treated for oral
cancer involving oral mucosa, excluding other cancers deriving from the tongue, gum,
muscles and bones. In our study, we considered all surgeries performed with the removal
of oral mucosa with or without reconstruction. The surgical management of oral cancer is
complex because of different aspects. First, the mouth is involved in various important
physiological functions, such as speech breathing, deglutition and mastication [9], but
it is also important for its aesthetic reasons. It presents intrinsic difficulties due to the
presence of oral bacterial flora and some physic characteristic, such as humidity, heat and
movement [10,11]. Reconstructive surgery is required to restore the anatomy and/or the
functionality of the mouth or to reduce oral disabilities after big tissue removals.

Regarding the operations involving removal and reconstruction of oral mucosa, sur-
gical options preview primary closure or the use of local or free flaps. Depending on
tumor stage and lymph nodes involvement, some more surgical procedure may be consid-
ered, such as neck dissection and tracheotomy. Neck dissection consists in the removal of
lymph nodes of the neck to prevent metastatic evolution. The need of prophylactic neck
dissection where there is no evidence of cervical lymph nodes involvement is still under
discussion [12]. Despite the high morbidity of this surgical procedure, the higher costs and
the longer time of postoperative hospitalization, many studies have evidenced that pro-
phylactic neck dissection seems to be related to better survival rates [13,14]. Tracheotomy
is required when big tissue removal can result in an increased risk of edema, hematoma
and hemorrhage that can cause a partial or total airway occlusion.

At the Department of Maxillofacial Surgery of the University of Naples “Federico II”,
two different antibiotic protocols were used in patients undergoing oral mucosa cancer
surgery from 2006 to 2018, according to internal guidelines. A postoperative antibiotic
protocol with Ceftriaxone was used for patients without allergy from 2006 to 2018. From
2011, there was a shift to the use of the combination of Cefazolin plus Clindamycin as a
postoperative prophylactic protocol.

The aim of this work was to perform a health technology assessment (HTA) in order to
compare the performance of the above-mentioned antibiotics by studying the postoperative
length of stay (LOS), measured in days. The Six Sigma (SS), by using the DMAIC (Define-
Measure-Analyse-Improve-Control) cycle, was used as a tool of the HTA: the influence of
some variables on the postoperative LOS was analysed, and patients’ hospitalization time
from surgery until discharge was the focus.

Literature Review: Health Technology Assessment and Six Sigma

SS is an innovative quality management method that focuses on reducing variations,
measuring defects and improving the quality of products, processes and services. It
was first introduced by Bill Smith to the Motorola Corporation in the 1980s and further
developed by General Electric in the late 1990s [15].

DMAIC structure is one of the quality improvement methods used in the SS concept
considered by many professionals to be the main reason for its success:

• The Define phase identifies the project, the problem and the objective.
• In the Measure phase, the current process that needs improvement is quantitatively

described.
• In the Analyse phase, the statistical analysis is used to understand causes and effects

in relation to the current process.
• The Improve phase allows users to develop a plan that can be validated by statistical

data to improve the process. In this research, this phase will be used to compare the
two analysed approaches.

• The Control phase establishes a monitoring tool or mechanisms to ensure that the
process is supported and to design effective quality controls [16,17]; in this research,
this phase will be used to evaluate and compare the two analysed approaches.
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Research studies in the healthcare sector confirm the validity of the methodology
and several studies in literature discussed the administration of drugs analysed through
DMAIC cycle.

Yousef N. and Yousef F. studied the medication use process by using the DMAIC
approach in order to find out the real reasons behind drug administration errors with the
aim of reducing errors to 1% [17]. Other authors used SS methodology to improve time
to antibiotics for children with chemotherapy-induced febrile neutropenia presenting to
the emergency department: indeed, SS methodology effectively identified barriers and
provided solutions to remove them [18,19].

The purpose of the study carried out Downen J. and Jaeger C. was to decrease the rate
of missed intravenous to oral medication conversion opportunities for eligible patients,
which aligns with the strategic plan for quality improvement of resource utilization and
reduces delays when using the LSS approach and DMAIC [20].

Today, healthcare is constantly evolving, and it seeks to offer improvements in technol-
ogy and patient treatment. It is a complex network in which resource limitations, errors and
complications threaten the security of patient care and service provision [21]. Therefore,
the use of management methods and tools for the quality control of health services is
necessary [22–24]: several decision making strategies, software and simulation approaches
and modern quality management tools, such as the SS concept, can offer realistic answers
to reach higher levels of excellence in the health context by helping the assessment of
technologies with HTA studies [25–28], elaboration and simulation of complex data [29–32]
and the implementation of machine learning algorithms [33–36].

A methodology based on reducing variations, measuring defects and improving the
quality of products, processes and services turns out to be SS. It has been recognized
globally in the service sector, and the use and the success of the SS in healthcare in the
last decade have been very significant as a practice of continuous improvement [37]. SS
projects use a DMAIC structure to improve processes [38].

However, this methodology, as emerged from scientific studies, is often associated
with lean thinking. The combination of these two methodologies aims to improve services
to meet customer needs by eliminating waste and reducing costs [39,40]. Recently, SS has
been used with Agile methodology in an Italian hospital context [41].

HTA has been used in combination with other methods as well; several studies
performed HTA by using techniques and methodologies such as analytical hierarchical
process, Likert scale, modelling and simulations [25–27].

The SS framework has not been formally applied to the comparison of the performance
of two antibiotic protocols until last year: For the first time, SS has been used as a tool of
HTA to compare two drugs recently with good results [42,43]. Similarly, it has not only
been employed for comparing cemented and uncemented prostheses in orthopaedics [44],
two surgical approaches for abdominoplasty or two prostheses for immediate breast recon-
struction in plastic surgery [45,46], but it was also combined with regression analyses more
recently in maxillofacial surgery [47]. All these applications demonstrate the feasibility
of using Six Sigma for performing HTA studies, but this study specifically investigates
patients with cancer in the mucosa tissue, which has not been analysed before by using
this approach.

2. Methods
2.1. Context

All data analysed in this study were based on surgeries performed at the Maxillofacial
Surgery Unit of the University Hospital of Naples “Federico II”. The Unit is divided in two
different floors. At the ground floor, there is the day hospital part of the ward with two
desks and the possibility to visit two different patients at the same time, the day surgery
ambulatory where minor surgeries are performed daily, the direction and some medical
offices. The hospital ward, the operating rooms, the nursery, the pharmacy and some rooms
for the medical and nursing teams are located on the first floor. The Maxillofacial Surgery
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Unit of “Federico II” consists also in an acceptance office, a library and the residency office.
In the hospital ward, there are 9 rooms with 22 beds for the patients and some rooms for
surgeons and nurses. Near the hospital ward, there are two operating rooms that work at
the same time.

2.2. Collection of Data

In this study, two groups of patients were analysed, and the data were collected from
the Department of Maxillofacial Surgery of the University of Naples “Federico II”. The
first one was treated with Cefazolin plus Clindamycin from 2011 to 2018, while the second
one was treated with Ceftriaxone since 2006 to 2017. The first group includes 51 patients,
while the second one includes 85 patients. The data were collected from medical records,
and statistical tests were performed by using IBM SPSS Statistics version 25 (United States).
The following exclusion criteria were applied:

• Patients with postoperative LOS ≤ 2 because the target of the study was ordinary
hospitalization.

• Patients who underwent an antibiotic shift during their hospital stay (8 treated with
Ceftriaxone and 15 with Cefazolin plus Clindamycin).

• Patients with missing data because they could have compromised the result of the
analyses.

All patients were included without exclusion due to clinical history.
Each patient was analysed according to the following variables:

• Gender;
• Age;
• American Society of Anaesthesiologists (ASA) score;
• Oral hygiene;
• Diabetes;
• Cardiovascular diseases;
• Surgical intervention;
• Flap;
• Lymphadenectomy;
• Tracheotomy;
• Surgical site infections;
• Dehiscence;
• Fistulae.

2.3. Define

The aim of the Define phase is to determine a working group and to divide tasks for
analysis. The multidisciplinary team is composed of clinicians, an economist, biomedi-
cal engineers and two biologists with experience in health management. The team was
responsible for collecting data from patients with oral cancer from medical records and
consecutive data analyses considering the influence of some variables. The leader super-
vised and coordinated the study and interpretation of the data. The critical quality of the
research was the LOS. A project charter was created (Figure 1) to show the main aspects of
the research.

Then, a SIPOC (Suppliers-Inputs-Processes-Output-Customers) diagram was de-
signed by the team to show the main actors of the projects. This tool is very useful
for identifying all relevant elements of a process improvement project before the work
begins (Table 1).
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Table 1. SIPOC diagram.

Supplier Inputs Process Outputs Customers

University
Hospital of Naples

“Federico II”
Needs of patients Arrival at the

hospital Surgery Shorter
recovery Patients

Clinical staff Maxillofacial
surgery Recovery Postoperative

activities
Improved outcome

of patients

University
Hospital of Naples

“Federico II”
Preoperative

activities Discharge Ensuring fewer
complications

2.4. Measure

The purpose of this phase is to measure the performance of the antibiotics studied.
The dataset is made up of two groups of patients: The first includes 51 patients

treated with Cefazolin plus Clindamycin, while the second includes 85 patients treated
with Ceftriaxone. The time frame in which they were collected is from 2011 to 2018 for
patients treated with Cefazolin plus Clindamycin and from 2006 to 2018 for those treated
with Ceftriaxone. All the collected variables were analysed, and patients undergoing an



Int. J. Environ. Res. Public Health 2021, 18, 9846 6 of 16

antibiotic shift during their hospitalization or had missing data were not included in the
analysis because they could have compromised the results.

In the descriptive analysis, the postoperative LOS of both antibiotics was reported
according to each variable. The results show that, in patients treated with Cefazolin plus
Clindamycin, the mean LOS is 1600 days with a standard deviation of 982 days, whereas for
Ceftriaxone the mean is 1471 days with a standard deviation of 1147 days. Figure 2 shows
a histogram with the mean postoperative LOS of patients treated with Ceftriaxone, while
in Figure 3 the histogram of those treated with Cefazolin plus Clindamycin is displayed.
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2.5. Analyse

In this phase, the data were analysed in order to evaluate which variables can influence
postoperative LOS. First, the Kolmogorov–Smirnov test was used in order to evaluate the
data distribution.

Patients treated with Ceftriaxone showed a non-normal trend with a p-value < 0.001;
thus, the Mann–Whitney U test was used to study dichotomous variables and Kruskal–
Wallis was used for non-dichotomous variables (age). The normality Kolmogorov–Smirnov
test on patients treated with Cefazolin plus Clindamycin distinctly showed a p-value 0.196
(normal distribution); therefore, t-test and ANOVA (only for age) were employed.

The results regarding Ceftriaxone are shown in Table 2. Several significances were
found: a high ASA, both removal and reconstruction surgeries score, using flap, lym-
phadenectomy and tracheotomy and the presence of infections and fistulae caused the LOS
to increase significantly.

Table 2. Variables influencing LOS for Ceftriaxone have been studied by comparing all the categories
related to each variable by applying Mann–Whitney U/Kruskal–Wallis tests. * Significance at 0.05; **
significance at 0.01; *** significance at 0.001.

Variable Category LOS
(Mean ± dev std) n p-Value

Gender
Men 13.48 ± 10.77 44

0.441
Women 16.02 ± 12.17 41

Age

<50 13.27 ± 12.80 15

0.64050 ≤ Age ≤ 70 16.00 ± 13.52 34

>70 14.08 ± 8.65 36

ASA score
Low 12.60 ± 10.28 55

0.008 **
High 18.57 ± 12.67 30

Oral hygiene
Low 12.93 ± 9.42 43

0.305
High 16.52 ± 13.11 42

Diabetes
No 14.41 ± 11.63 74

0.355
Yes 16.73 ± 10.63 11

Cardiovascular
disease

No 14.42 ± 9.89 50
0.601

Yes 15.11 ± 13.56 35

Surgical Procedure

Removal 12.82 ± 10.27 66

0.003 **Removal and
reconstruction 21.26 ± 13.22 19

Flap
No 11.78 ± 8.30 64

<0.001 ***
Yes 23.62 ± 14.99 21

Lymphadenectomy
No 12.54 ± 8.96 76

<0.001 ***
Yes 33.00 ± 14.44 9

Tracheotomy
No 12.71 ± 8.98 77

0.001 ***
Yes 33.88 ± 15.51 8

Infections
No 13.20 ± 10.38 75

0.005 **
Yes 26.00 ± 13.47 10

Dehiscence
No 13.70 ± 10.29 76

0.061
Yes 23.22 ±17.23 9

Fistulae
No 14.24 ±11.20 83

0.017 *
Yes 34.00 ± 1.41 2
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As shown below in Table 3, several variables influence postoperative LOS of patients
treated with Cefazolin plus Clindamycin: a high ASA, using lymphadenectomy and
tracheotomy, the presence of infections and dehiscence score caused the LOS to increase
significantly.

Table 3. Variables influencing LOS for Cefazolin plus Clindamycin have been studied by comparing
all the categories related to each variable by applying the Mann–Whitney U/Kruskal–Wallis tests.
* Significance at 0.05; ** significance at 0.01; *** significance at 0.001.

Variable Category LOS
(Mean ± dev std) n p-Value

Gender
Men 17.00 ± 11.40 23

0.515Women 15.18 ± 8.82 28

Age
<50 8.29 ± 4.96 7

0.58550 ≤ Age ≤ 70 17.57 ± 11.18 27
>70 16.71 ± 7.66 17

ASA score
Low 10.53 ± 9.59 15

0.009 **High 18.28 ± 9.11 36

Oral hygiene Low 16.63 ± 10.31 30
0.587High 15.10 ± 9.25 21

Diabetes
No 15.50 ± 9.37 48

0.148Yes 24.00 ± 15.72 3
Cardiovascular

disease
No 13.77 ± 8.22 26

0.099Yes 18.32 ± 10.94 25

Surgical Procedure
Removal 13.20 ± 8.21 15

0.192Removal and
reconstruction 17.17 ± 10.30 36

Flap No 13.25 ± 7.83 16
0.179Yes 17.26 ± 10.47 35

Lymphadenectomy No 11.12 ± 6.75 25
<0.001 ***Yes 20.69 ± 10.12 26

Tracheotomy No 13.65 ± 9.10 37
0.004 **Yes 22.21 ± 9.19 14

Infections
No 14.81 ± 8.72 48

<0.001 ***Yes 35.00 ± 7.00 3

Dehiscence
No 14.43 ± 8.71 46

<0.001 ***Yes 30.40 ± 8.08 5

Fistulae
No 16.00 ± 9.82 51

N.A.Yes N.A. 0

The workflow of the activities carried on in the ward has already been shown in
previous research [42]; the activities include the following: arrival of the patient, prehos-
pitalization (or preoperative activities when the patient is not prehospitalized), surgical
actives and postoperative activities until discharge.

2.6. Improve

To date, a correct antibiotic prophylactic protocol for head and neck cancer surgery
has not been clearly defined yet [48].

We divided our population of patients into two groups depending on the use of
Ceftriaxon, a third-generation cephalosporin, and on the use of the association of Cefazolin
and Clindamycin, our second antibiotic protocol.

Ceftriaxone is a third-generation cephalosporin antibiotic belonging to the beta lactam
family. It operates by inhibiting the synthesis of the bacterial cell wall. For this reason,
antibiotics belonging to the class of cephalosporins are bactericides. In clinical practice,
Ceftriaxon is generally used to treat most of the infections sustained by antibiotic resistant
bacteria. It is active on Gram-positive bacteria with a tropism to skin and soft tissues
infection because of its action on the bacterial cell wall. Due to the increased risk of
antibiotic resistance from bacteria, Ceftriaxon should not be used as a first-choice antibiotic,
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despite the fact that it represents the main choice for empiric antibiotic therapy due to its
wide spectrum antibiotic coverage.

Cefazolin is a semi-synthetic beta-lactam antibiotic belonging to first-generation
cephalosporins. This antibiotic is active against a large population of bacteria, includ-
ing Methicillin-sensible Staphylococcus Aureus, Streptocococcus Pneumoniae, Clostridium
perfringens and Lysteria monocytogenes. It is less active on Gram-negative bacteria and
not active against viruses. As antibiotic protocol in maxillofacial surgery, Cefazolin is
used for infections that affect the upper respiratory and the upper aerodigestive tracts and
soft tissues.

Clindamycin is an antibiotic belonging to the lincosamide class that acts with a bacte-
riostatic mechanism by interfering in the replication of different bacteria. Clindamycin act
in inhibiting the synthesis of the proteins of the bacterial cells. It is used against the infec-
tions sustained by anaerobic bacteria and Methicillin-resistant Staphylococcous Aureus. In
clinical practice, it is used for bacterial infections involving bones, oral cavity, teeth, upper
respiratory and digestive tracts. It is active also on soft tissue, especially to treat infections
affecting the oral floor and the neck. Clindamycin is also used as an alternative when the
patient is allergic to beta lactam antibiotics.

In the Maxillofacial Unit of University Hospital “Federico II”, an association of Cefa-
zolin and Clindamycin has been used since 2011 as an antibiotic postoperative protocol
against the main classes of bacteria affecting the head and neck district. The sections
may be divided by subheadings. It should provide a concise and precise description of
the experimental results, their interpretation and the experimental conclusions that can
be drawn.

2.7. Control

Control charts were used to monitor the performance of the key variable. After
implementing the actions described in the improve phase, a decrease in the mean of the
postoperative LOS of the patients treated with Ceftriaxone was observed, as shown in
the control charts before and after the implementation of the new postoperative antibiotic
protocol with Cefazolin plus Clindamycin in Figure 4. The lower and upper control limits
of the individual values showed a reduction, indicating more stable administration of
Cefazolin plus Clindamycin. A box plot was developed and shown in Figure 5, which
clearly highlights the decrease in the mean in the Ceftriaxone group of LOS measured in
days. In Table 4, the percentage difference of the mean of postoperative LOS was calculated
and reported. The mean of patients treated with Ceftriaxone had a decreasing percentage
of −8.1%.
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Lymphadenectomy No 12.54 ± 8.96 11.12 ± 6.75 12.8% 0.714 
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Tracheotomy No 12.71 ± 8.98 13.65 ± 9.10 −6.9% 0.471 
Yes 33.88 ±15.51 22.21 ± 9.19 52.5% 0.050 * 
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No 13.20 ± 10.38 14.81 ± 8.72 −10.9% 0.114 
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Yes 34.00 ± 1.41 0 N.A. 

N.A. = Not Applicable because the sample size does not allow comparison. 

A control plan was established to ensure continuous improvements in the future in 
terms of the performance of both antibiotics: 
• Following the guidelines to improve administration, drawn up according to the in-

fluence of clinical characteristics and complications, as from the analyses carried out 
in this study; 

• Periodic review meetings to evaluate the maxillofacial surgery process; 
• Internal audit and production of reports that highlight the trend of patients’ LOS 

measured in days. 

Figure 4. Control Chart before (left) and after (right) the new postoperative antibiotic protocol. Figure 4. Control Chart before (left) and after (right) the new postoperative antibiotic protocol.



Int. J. Environ. Res. Public Health 2021, 18, 9846 10 of 16
Int. J. Environ. Res. Public Health 2021, 18, x FOR PEER REVIEW 11 of 16 
 

 

 
Figure 5. As per Six Sigma methodology, visual management (Box plot) is employed to provide 
readers with a graphical representation of LOS for both groups. The numbers over the boxes can be 
considered outliers. 

3. Results 
The Kolmogorov–Smirnov test for the normality of data showed a p-value lower than 

0.01; thus, each category was studied by using non-parametric statistical tests. Dichoto-
mous groups were analysed with a Mann–Whitney U test, while groups with more than 
two categories (only age) were analysed with a Kruskal–Wallis test. The percentage dif-
ference in the average of the postoperative LOS is calculated between the initial value of 
Cefazolin plus Clindamycin and the final value Ceftriaxone. Table 4 shows all the results. 
The test on all patients showed that the difference in antibiotic performance, in terms of 
postoperative LOS, is not statistically significant (p-value 0.197). With respect to the cate-
gories of the variables, patients with lymphadenectomy (p-value 0.023) and tracheotomy 
(p-value 0.050) treated with Cefazolin plus Clindamycin have, on average, a lower post-
operative LOS in a statistically significant manner. The percentage differences explain 
that, on average, postoperative LOS does not follow a trend line in favour of a single an-
tibiotic. The most relevant percentage differences indicate that patients under the age of 
50 treated with Ceftriaxone had an increase in LOS of 60.1% compared to those treated 
with Cefazolin plus Clindamycinl; on the contrary, patients with diabetes treated with 
Cefazolin plus Clindamycin had a decrease in LOS of −30.3%. 

The chi-square test was conducted for a population demographic study; the results 
are shown in Table 5. Only some variables showed a statistically significant difference in 
frequency between the two groups of patients. However, the decrease in the number of 
patients treated with Ceftriaxone is statistically significant in the following cases: patients’ 
frequencies with a low ASA score; receiving a surgical procedure of removal plus recon-
struction; a flap, a lymphadenectomy or a tracheotomy are greater in the Cefazolin plus 
Clindamycin group. 

  

Figure 5. As per Six Sigma methodology, visual management (Box plot) is employed to provide
readers with a graphical representation of LOS for both groups. The numbers over the boxes can be
considered outliers.

Table 4. Statistical analysis of LOS: a comparison between Ceftriaxone and Cefazolin plus Clindamycin is performed for the
categories of each variable. * Significance at 0.05; ** significance at 0.01; *** significance at 0.001.

Variables Category Ceftriaxone
(Mean ± dev std)

Cefazolin Plus
Clindamycin

(Mean ± dev std)

Difference of the
Mean

(%)
p-Value

All patients 14.71 ± 11.47 16.00 ± 9.82 −8.1% 0.197

Gender
Men 13.48 ± 10.77 17.00 ± 11.40 −20.7% 0.236

Women 16.02 ± 12.17 15.18 ± 8.82 5.5% 0.732

Age
<50 13.27 ± 12.80 8.29 ± 4.96 60.1% 0.490

50 ≤ Age ≤ 70 16.00 ± 13.52 17.57 ± 11.18 −8.9% 0.299
>70 14.08 ± 8.65 16.71 ± 7.66 −15.7% 0.185

ASA score
Low 12.60 ± 10.28 10.53 ± 9.59 19.7% 0.615
High 18.57 ± 12.67 18.28 ± 9.11 1.6% 0.671

Oral hygiene Low 12.93 ± 9.42 16.63 ± 10.31 −22.2% 0.078
High 16.52 ± 13.11 15.10 ± 9.25 9.4% 0.907

Diabetes
No 14.41 ± 11.63 15.50 ± 9.37 −7.0% 0.175
Yes 16.73 ±10.63 24.00 ± 15.72 −30.3% 0.456

Cardiovascular disease
No 14.42 ± 9.89 13.77 ± 8.22 4.7% 0.969
Yes 15.11 ± 13.56 18.32 ± 10.94 −17.5% 0.086

Surgical Procedure
Removal 12.82 ± 10.27 13.20 ± 8.21 −2.9% 0.630

Removal and
reconstruction 21.26 ±13.22 17.17 ± 10.30 23.8% 0.357

Flap No 11.78 ± 8.30 13.25 ± 7.83 −11.1% 0.344
Yes 23.62 ± 14.99 17.26 ± 10.47 36.8% 0.165

Lymphadenectomy No 12.54 ± 8.96 11.12 ± 6.75 12.8% 0.714
Yes 33.00 ±14.44 20.69 ± 10.12 59.5% 0.023 *

Tracheotomy No 12.71 ± 8.98 13.65 ± 9.10 −6.9% 0.471
Yes 33.88 ±15.51 22.21 ± 9.19 52.5% 0.050 *

Infections
No 13.20 ± 10.38 14.81 ± 8.72 −10.9% 0.114
Yes 26.00 ±13.47 35.00 ± 7.00 −25.7% 0.287

Dehiscence
No 13.70 ± 10.29 14.43 ± 8.71 −5.1% 0.317
Yes 23.22 ±17.23 30.40 ± 8.08 −23.6% 0.298

Fistulae
No 14.24 ±11.20 16.00 ± 9.82 −11.0% 0.130
Yes 34.00 ± 1.41 0 N.A.

N.A. = Not Applicable because the sample size does not allow comparison.
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A control plan was established to ensure continuous improvements in the future in
terms of the performance of both antibiotics:

• Following the guidelines to improve administration, drawn up according to the
influence of clinical characteristics and complications, as from the analyses carried out
in this study;

• Periodic review meetings to evaluate the maxillofacial surgery process;
• Internal audit and production of reports that highlight the trend of patients’ LOS

measured in days.

3. Results

The Kolmogorov–Smirnov test for the normality of data showed a p-value lower than
0.01; thus, each category was studied by using non-parametric statistical tests. Dichotomous
groups were analysed with a Mann–Whitney U test, while groups with more than two
categories (only age) were analysed with a Kruskal–Wallis test. The percentage difference
in the average of the postoperative LOS is calculated between the initial value of Cefazolin
plus Clindamycin and the final value Ceftriaxone. Table 4 shows all the results. The test on
all patients showed that the difference in antibiotic performance, in terms of postoperative
LOS, is not statistically significant (p-value 0.197). With respect to the categories of the
variables, patients with lymphadenectomy (p-value 0.023) and tracheotomy (p-value 0.050)
treated with Cefazolin plus Clindamycin have, on average, a lower postoperative LOS
in a statistically significant manner. The percentage differences explain that, on average,
postoperative LOS does not follow a trend line in favour of a single antibiotic. The most
relevant percentage differences indicate that patients under the age of 50 treated with
Ceftriaxone had an increase in LOS of 60.1% compared to those treated with Cefazolin
plus Clindamycinl; on the contrary, patients with diabetes treated with Cefazolin plus
Clindamycin had a decrease in LOS of −30.3%.

The chi-square test was conducted for a population demographic study; the results
are shown in Table 5. Only some variables showed a statistically significant difference in
frequency between the two groups of patients. However, the decrease in the number of
patients treated with Ceftriaxone is statistically significant in the following cases: patients’
frequencies with a low ASA score; receiving a surgical procedure of removal plus recon-
struction; a flap, a lymphadenectomy or a tracheotomy are greater in the Cefazolin plus
Clindamycin group.

Table 5. A Demographic study is performed by using the chi-square test to investigate the frequencies
related to each variable. * Significance at 0.05; ** significance at 0.01; *** significance at 0.001.

Variables Category Ceftriaxone
(n)

Cefazolin Plus
Clindamycin

(n)
p-Value

Gender
Men 44 23

0.452
Women 41 28

Age

<50 15 7

0.34050 ≤ Age ≤ 70 34 27

>70 36 17

ASA score
Low 55 15

<0.001 ***
High 30 36

Oral hygiene
Low 43 30

0.351
High 42 21

Diabetes
No 74 48

0.190
Yes 11 3
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Table 5. Cont.

Variables Category Ceftriaxone
(n)

Cefazolin Plus
Clindamycin

(n)
p-Value

Cardiovascular
disease

No 50 26
0.372

Yes 35 25

Surgical Procedure

Removal 66 15

<0.001 ***Removal and
reconstruction 19 36

Flap
No 64 16

<0.001 ***
Yes 21 35

Lymphadenectomy
No 76 25

<0,001 ***
Yes 9 26

Tracheotomy
No 77 37

0.006 **
Yes 8 14

Infections
No 75 48

0.259
Yes 10 3

Dehiscence
No 76 46

0.884
Yes 9 5

Fistulae
No 83 51

0.270
Yes 2 0

4. Discussion

At the Department of Maxillofacial Surgery of the University of Naples “Federico II”,
a comparison study was carried out between two antibiotics Ceftriaxone and Cefazolin
plus Clindamycin, investigating the problem of prolonging postoperative LOS in patients
undergoing oral mucosa cancer surgery.

As shown by previous studies, the SS methodology was found to be useful for improv-
ing decision making in healthcare [49]. In particular, the application of this methodology
often seems to result in statistically significant reduction in LOS [17,39,40,42]. Therefore,
SS methodology was applied to evaluate antibiotic performance and reduce postoperative
LOS. The DMAIC cycle was carried out, and various SS tools were used for a clear visualiza-
tion of the project: representative graphs (SIPOC diagram, histograms, control charts and
box plot) and tables summarizing the statistical tests (Mann–Whitney U, Kruskal–Wallis,
t-test and ANOVA).

From the analysis in Tables 2 and 3, some general conclusions can be synthetized.
The ASA classification system is a method for characterizing patient’s operative risk:
We observed that high ASA scores significantly increase hospitalization. This can be
explained because a high ASA score is assigned to patients with an increased anesthetic
risk, indicating a major risk of developing complications [50,51]. Patients with associated
pathologies, such as cardiovascular disease and diabetes, need different preoperative and
postoperative management with respect to healthy people that undergo surgery. This
increases the time of hospitalization because of the need of a multidisciplinary approach
towards patients.

Depending on the type of surgery, we observed that the need of reconstruction,
especially when the use of a flap is required, causes an increase in the incidence of surgical
site infections and, consequently, LOS [52]. A simple removal without reconstruction
predisposes the patient to different outcomes: A minor removal of tissue often results in
quick postoperative LOS because of the better healing process; when increased removal is
performed, we can observe a major incidence of postoperative morbidity due to a bigger
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exposition of surgical surfaces and an increased incidence of physiological and anatomical
deficits. The need of reconstruction results in an increased time period of hospitalization.
To reconstruct a surgical site, surgeons need to use local tissues or pedicled/free flaps. The
use of these techniques causes major exposition of the body to surgical procedure, with
increased morbidity [53]. The use of pedicled or free flaps also results in increased risk of
surgical site infections due to the contamination of surgical wound with bacteria coming
from other parts of the body. Tracheotomy and neck dissection cause an increased LOS
because of the same reason previously described about surgical gaps and tissue exposure.
A major surface involved in the surgery will inevitably tend to develop complications. It
is well-known that skin represents a barrier to external factors, including bacteria. When
performing tracheotomy or a neck dissection, skin incision with exposure of the surgical
site to external factors is inevitable and cannot be avoided. Among these factors that
can determine complications in oral cancer surgery, we can list bacteria coming from
the external environment or different part of the body and other components coming
from the same patient, such as blood, saliva and food [10,54,55]. These factors influence
postoperative LOS because they can cause dehiscence, fistulae and surgical site infections
(SSIs). In our analysis, we observed no significant difference between the two antibiotic
protocols to prevent SSIs in oral cancer surgery related to mucosa and to reduce LOS. This
can be explained because both antibiotics are active on soft tissues.

Other factors that seem to reduce LOS when referred to the Cefazolin/Clindamycin
protocols are a low ASA score and an age lower than 50 years. Reduced times of hospital-
ization for patients with low ASA scores and age lower than 50 can be explained because
young patients present less comorbidities in comparison to older people. Young people
are generally healthier and present better healing process. They are also more compliant
to therapies, and their health status can be better managed. Older people have a major
incidence of comorbidities because the senescence process determines body weakness and
the appearance of chronicle pathologies that need to be considered for their management.

Moreover, from Table 4, we can observe an increased percentage of better outcomes
when we consider surgical procedure. Cefazolin/Clindamycin protocol seems to reduce
LOS in comparison with Ceftriaxone when flaps are used for reconstruction (+36.8%).
Without considering the high incidence of antibiotic resistance, the reduced time of hospi-
talization can be explained in this case with a major covering on bacterial population due
to the use of antibiotic association with respect to a single antibiotic protocol.

The other facets of HTA need to be discussed too: the two drugs are equally approved,
have similar costs and are both currently used in clinical practice without requiring different
organizational pathways. Therefore, it appears that the two antibiotic protocols are almost
equivalent with respect to the number of complications (infections, dehiscence and fistulae)
and the LOS.

5. Conclusions

In conclusion, this study proved the utility of applying SS methodology using the
DMAIC cycle for comparing the performance of the two antibiotics administered after
surgery for cancer of the oral mucosa. Obviously, SS is a management and non-medical
tool from the beginning; however, it could be a good method for analysing clinical and
surgical variables to support the decision-making process of the doctors.
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