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Abstract. Tongue cancers are among the most frequent malignancies in the
population and their influence can be affected by many risk factors. Patients
undergoing tongue surgery face different complications and can experience a
long length of hospital stay (LOS). The aim of this paper is to compare two
pharmacological therapies in order to understand which one decreases the LOS.
At the University hospital of Naples “Federico II” two antibiotics were
employed: Cefazolin plus Clindamycin and Ceftriaxone. Six Sigma methodol-
ogy was employed to analyse two group of patients treated with these two
different antibiotics: 55 patients treated with the antibiotic Cefazolin plus
Clindamycin and 66 patients with the antibiotic Ceftriaxone. This is the first
time that this methodology is used in order to compare two antibiotics in the
oncology field. The results obtained show clearly and with a statistical evidence
that patients treated with Ceftriaxone experienced a lower LOS (−28.6% in
terms of percentage between medians). Reducing the LOS for patients means
limiting the number of complications and, therefore, reducing the hospitalization
costs. It would be valuable for both hospital and patients: the former would save
money that they could invest in other important care activities; the latter would
experience a higher quality of care with fewer complications.
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1 Introduction

Tongue cancers are the malignant neoplasms that occur on the dorsal surface, ventral
surface, borders and anterior part of the tongue. These pathologies enter in the bigger
group of oral cancers that, actually, represent the sixth most common cancer [1].

The incidence of tongue cancer is influenced by multiples variables, such as poor
oral hygiene, persistent inflammations, smoking [2], alcohol abuse [3], infections [4].
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Nowadays, the incidence of this malignancies has increased during last years [5]
especially in young population. In this study we considered all surgeries that previewed
an asportation of the tongue [6] or part of it, with or without reconstruction.

Many approaches have been proposed in literature in the last years to improve and
simulate processes a process, to compare biomedical technologies and to aid clinicians
in decision making: Health Technology Assessment [7–10], Lean Six Sigma [11, 12]
and data analysis and processing with several algorithms and different machine learning
techniques [13–22] proved their reliability in the healthcare context. Six Sigma is a
methodology of quality management and process improvement that combines the use
of statistics with a five-step procedure: “Define, Measure, Analysis, Improve, Control”
referred to in the acronym DMAIC. Through this problem-solving strategy with a fixed
structure, it is possible to analyse a process in order to improve its performance by
reducing the “natural variability” and the systematic “control” of the critical variables
to obtain a better result.

From the literature it emerges that the DMAIC strategy has been successful in the
healthcare field, such as in first aid [23] and eye surgery [24]. DMAIC cycle was
applied in order to improve patients’ access to clinical care, adopting strategic choices
aimed at reducing patient missed appointments [25]. Furthermore, studies show that the
Six Sigma methodology is often associated with Lean Thinking. This approach seeks to
implement performance to meet customer needs by eliminating wastes and reducing
costs [26, 27]. The use of Lean and/or Six Sigma methodologies has reported multiple
benefits in the healthcare, in fact many studies have applied these methodologies to
improve clinical decision-making processes and quality management in laboratory
medicine, to reduce the risk of healthcare–associated infections in surgery departments
[28], while others conducted studies to introduce pre-hospitalization, aimed at carrying
out the tests and examinations required for prosthetic hip and knee surgery [29, 30], or
new clinical pathways [31].

Researchers have applied DMAIC cycle as an interesting and practical method to
reduce the health and safety risks of clinicians using anticancer drugs and to optimize
cost management within the department, an improvement project within the pharmacy
department of a hospital, [32]. Other works have testified the efficiency of the processes
designed through Lean Six Sigma methodology to reduce the dispensation error in the
pharmacy department [33].

In this paper, the performance of two antibiotics, Cefazolin plus Clindamycin and
Ceftriaxone, was compared investigating the postoperative LOS, measured in days, of
patients undergoing surgery in the oral cavity (particularly on tongue), analysing the
influence of some variables (American Society of Anaesthesiologists (ASA) score, age,
gender) and employing Six Sigma methodology and DMAIC problem-solving strategy.

2 Materials and Methods

2.1 Dataset

The data were extracted from the medical records of the University Hospital of Naples
“Federico II”. In this phase, the dataset was made up of a sample constituted by 55
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patients, treated with the antibiotic Cefazolin plus Clindamycin, and another one of 66
patients, treated with the antibiotic Ceftriaxone. The time range was from 2011 to 2018
for the first group and 2006–2018 for the second one since also patients that had used
Ceftriaxone in the previous years were considered; it allowed to empower the statistical
analysis including a greater number of patients.

For each patient, the following information was collected and analysed: gender and
age; ASA score; admission diagnosis; prehospitalization; date of admission; date of
surgery and date of discharge.

2.2 Define

In this phase, the purpose of the cycle is to define a multidisciplinary work team and
divide the tasks of analysis. SIPOC (Suppliers-Inputs-Process-Outputs-Customers)
scheme was a good tool to clarify the following main process characteristics:

• Supplier:
– University hospital “Federico II” of Naples;
– Clinical staff;

• Input:
– Needs of patients;
– Maxillofacial surgery;

• Process:
– Arrival at the hospital;
– Recovery;
– Surgery;
– Postoperative activities;
– Discharge;

• Output:
– Better recovery;
– Improved outcome for patients;

• Customers:
– Patients;
– University hospital “Federico II” of Naples.

Moreover, the critical to quality (CTQ) was identified in the LOS.
A final statement summarizing the project was formalized: “Reducing the post-

operative LOS of patients undergoing tongue cancer surgery”.

2.3 Measure

After identifying the purpose of the study, the CTQs, the dataset and the methodology,
the performance of the antibiotics was measured below. The descriptive statistic for the
independent variable, according the dependent one (postoperative LOS), was carried
out: the results for Cefazolin plus Clindamycin were, respectively, a mean of 15.67
days, a deviance of 8.36, and a variance of 69.96. Instead, the results for Ceftriaxone
were an average of 12.56 days, a deviance of 8.90, and a variance of 79.23. The
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boxplot in Fig. 1 shows graphically the overall difference in LOS between the two
groups.

2.4 Analyse

In order to evaluate statistically the effects of treatment on the group of patients on the
basis of the defined categories, Mann Whitney and Kruskal Wallis tests were executed
respectively for dichotomous and non-dichotomous categories since the test of Shapiro
Wilk identified the data as not normally distributed.

In this analysis an alpha of 0.05 is used as the cut-off value for significance. In
Table 1, the variables and their categories influencing LOS for Cefazolin plus Clin-
damycin are reported. Table 1 shows that LOS for patients treated with cefazolin and
clindamycin doesn’t seem to be influenced by the gender and the age. Instead high
ASA score seems to increase LOS.

Similarly, the effects of the variables on the LOS of patients undergoing Ceftri-
axone therapy were statistically evaluated on the basis of the same grouping criteria and
with the same statistical methods used in the previous case. In Table 2, the variables
and the categories influencing the LOS and the p-value for Ceftriaxone treatment are
reported.

From Table 2 it emerges that gender, age and ASA score don’t seem to affect LOS
in patients treated with Ceftriaxone in a statistically significant way considering a level
of uncertainty of 5%.

Fig. 1. Boxplot of LOS for the two groups
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2.5 Improve

From the analysis conducted on the surgical wounds of patients operated for oral
cancer, several different populations of bacteria were isolated, including Staphylo-
coccus Spp and Gram-negative bacteria [34]. In 2011, according to our hospital
guidelines and the evidences in literature of the success of an association of a
first/second generation cephalosporin with other antibiotics, an association of cefazolin
and clindamycin was introduced as antibiotic protocol [35]. This choice was driven by
the action of the cefazolin on the main Gram-Positive bacteria such as Staphylococcus
Aureus Metycillin-Sensible colonizing oral cavity.

Clindamycin is a lincosamide antibiotic that is active on anaerobic Gram-negative
flora. As well, clindamycin can be used also in patients that are allergic to penicillin or
that present infections due to resistant bacteria, such as Stphylococcus Aureus Mety-
cillin Resistant. Clindamycin is active also on aerobic Gram-positive cocci, while it is
generally resistent to aerobic Gram-negative bacteria, such as Pseudomonas and
Legionalla. Clindamycin is used to prevent anaerobic infections including dental and
first respiratory tract infections.

2.6 Control

After a normality test of Shapiro Wilk (with a level of uncertainty or an alpha equal to
0.05) attesting that the data were not normally distributed, some statistical tests with an

Table 1. Variables influencing LOS for Cefazolin plus Clindamycin

Variable Category N p-value

Gender Man 27 0.853
Woman 28

Age <51 12 0.172
50 < Age < 61 16
>60 27

ASA score Low 17 0.009
High 38

Table 2. Variables influencing LOS for Ceftriaxone

Variable Category N p-value

Gender Man 35 0.056
Women 31

Age Age < 51 14 0.074
50 < Age < 61 14
Age > 60 38

ASA score Low 38 0.077
High 28
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alpha of 0.05 were applied to the subgroups in order to enhance some statistically
significant differences. Mann Whitney test was applied to the dichotomous groups
while Kruskal Wallis was applied only on age since it was divided into three groups.

3 Results

Each category was studied through nonparametric statistical tests because the Shapiro
Wilk test for the normality of data showed a p-value lower than 0.01. Table 3 shows all
the results.

The overall test showed that there is a statistically significant difference in LOS
between patients who were treated with Ceftriaxon and those treated with Cefazolin
plus Clindamycin (p-value = 0.028). As regards the categories, there was statistically
significant difference in favour of Ceftriaxon in women. The biggest difference in terms
of percentage between medians was obtained by the youngest patients (−62.5% for
those younger than 51 years).

Moreover, a demographic study of the analysed population was conducted through
a chi square test whose results are shown in Table 4.

Chi square test showed that the frequency of ASA score for the two groups was
distributed differently in a statistically significant way.

4 Discussions and Conclusion

Six Sigma through DMAIC cycle provides researchers with a well-structured problem-
solving strategy that is useful for a wide range of analysis, as testified previously by
other studies [23, 24]. In this case, it was used to make a comparison between the LOS
of two different antibiotics in the oncology field, taking into consideration three

Table 3. Statistical analysis of LOS related to each variable and category

Variables Category Ceftriaxon
[median]

Cefazolin plus
Clindamycin
[median]

Absolute difference
[%]

p-value

All patients 10 14 28.6 0.028
Gender Man 12 14 14.3 0.727

Women 9 14.50 37.9 0.003
Age <51 4.50 12 62.5 0.099

50 < Age < 61 11 14 21.4 0.588
>60 11.50 17 32.4 0.089

ASA score Low 8 9 11.1 0.488
High 12 17 29.4 0.099
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variables: gender, age and ASA score. The results obtained under the guidance of
DMAIC show that patients treated with Ceftriaxone experienced a 28.6% lower LOS in
percentage terms, while the group of patients treated with Cefazolin and Clindamycin
presents in mean an increase of LOS in all patients. It is particularly evident in patients
with a high ASA score, in women and in youngest patients (below the age of 51).

The novelty of this paper relies on the use of the Six Sigma methodology with the
DMAIC cycle to handle a healthcare issue regarding the comparison of two antibiotics
in the oncology field. This is an innovation because in literature Six Sigma is used to
improve processes [11, 12], reduce costs [26, 27], introduce new clinical pathways
[31], but it has never been used to compare two biomedical technologies. Further
studies could include an increasing number of variables, both clinical and surgical, in
order to evaluate also postoperative complications. Furthermore, Six Sigma could also
be implemented as a Health Technology Assessment tool, capable of comparing two
pharmacological therapies in order to understand which one makes the LOS and the
complications decrease. Finally, using multiple linear regression or machine learning
techniques could lead to the elaboration of a model capable of predicting the LOS, for
each antibiotic, considering patient’s characteristics. This model could be used as a
useful decisional tool for doctors, for example, to facilitate the management of the
entire department, to schedule unit personnel, to reduce LOS costs and to facilitate
discharge planning.
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