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Abstract: Colorectal cancer (CRC) is the third most common cancer in men and the second most
common in women globally. CRC is considered a priority public health issue due to its incidence and
the high associated costs. Surgery is the predominant therapeutic approach for CRC. Given the in-
volvement of the intestinal tract in the surgical process, there is a significant increase in postoperative
morbidity rates, and the average length of hospital stay (LOS) tends to lengthen. In this research, we
employed the Lean Six Sigma (LSS) methodology, specifically utilizing the DMAIC cycle, to identify
and subsequently examine the effects of fast-track surgery on hospitalization times for interventions
related to CRC at the AORN “Antonio Cardarelli” Hospital in Naples (Italy). The process analysis,
guided by the DMAIC cycle, facilitated a reduction in the median LOS from 14 days to 12 days. The
most notable improvement was observed in the 66–75 age group without comorbidities. The LSS
approach provides methodological rigor, as previously recognized, enabling substantial enhance-
ments to the process. This involves standardizing outcomes, minimizing variability, and achieving
an overall reduction in the LOS from 14 to 12 days.

Keywords: colorectal cancer; lean six sigma; lean thinking; value stream map; length of stay;
health management

1. Introduction

Colorectal cancer (CRC) ranks as the third most prevalent form of cancer among
men, accounting for 746,000 cases or 10.0% of all cancers [1]. Among women, it holds the
second position with 614,000 cases, representing 9.2% of total cancer diagnoses globally.
Approximately 55% of these cases are reported in developed nations [1]. The incidence
of colorectal cancer exhibits substantial geographical diversity, with remarkably similar
patterns observed in both men and women. Worldwide, incidence rates display a tenfold
variation in both genders, underscoring significant global disparities in this ailment. Due
to the substantial human and financial toll associated with colorectal cancer, screening
programs are strongly recommended to facilitate early detection and intervention when
the disease is still in a treatable stage [2].

Numerous randomized controlled trials have substantiated the effectiveness of col-
orectal screening initiatives employing methods such as the fecal occult blood test (FOBT),
sigmoidoscopy, or colonoscopy, demonstrating a significant reduction in both mortality and
incidence. Specifically, four randomized controlled trials systematically assessed the impact
of a screening program utilizing the Guaiac-FOBT on CRC-specific mortality [3–6]. The
collective findings revealed a noteworthy 16% decrease in mortality within the screening
group when compared to the non-screened control cohort [7]. Among these trials, only one
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reported a reduction in the cumulative incidence among the screened population [3], while
the others observed either no discernible effect [4,5] or a marginal increase [6].

Surgery stands out as the predominant therapeutic approach for CRC. Given the intri-
cate involvement of the intestinal tract in the surgical process, there is a notable elevation
in postoperative morbidity rates, and the average duration of the postoperative length of
hospital stay (LOS) tends to be extended [8]. In response to these challenges, numerous
innovative techniques and methods have been introduced in the realm of colorectal cancer
surgery [9]. The advent of laparoscopic (assisted) surgery for colorectal resection marked a
significant milestone, with its initial description by Jacobs et al. in 1991 [10]. Laparoscopic
colorectal cancer surgery offers distinct advantages, notably in the reduction in the average
postoperative LOS and postoperative morbidity [11,12].

In contemporary health systems, considerable emphasis is placed on sustainability,
with a focus on managing costs in relation to economic resources while maintaining high
service quality. In this context, “fast-track surgery” (FTS), also known as “Enhanced
Recovery After Surgery” (ERAS), has gained prominence as a strategy to accelerate patient
recovery, reduce postoperative morbidity, and shorten the length of hospital stay [13,14].

FTS signifies an expedited route within the realm of surgery, involving the acceler-
ation of timelines across all stages of hospitalization, from the preoperative phase to the
postoperative phase. In essence, FTS is a multidisciplinary approach grounded in the
concept that the perioperative phase encompasses various medical specializations, includ-
ing anesthesia, nutrition, and rehabilitation. The overarching goal of FTS is to diminish
operative stress, alleviate patient discomfort, and hasten the recovery process [15]. Effective
FTS implementation requires a well-defined protocol that includes measures such as pain
management and the control of bleeding, which have been shown to significantly improve
patient outcomes and reduce healthcare costs [16–18].

In order to develop an effective FTS program, a rigorous methodology must be used.
Numerous process improvement strategies, spanning from simulation models [19,20] to
principles of quality management [21,22], have been explored. Notably, Lean Six Sigma
(LSS) has emerged as a successful approach within the healthcare context. LSS blends the
analytical strength inherent in Six Sigma with lean thinking principles, particularly the
emphasis on achieving “zero waste” [23]. Initially applied primarily in the manufacturing
industry, LSS has gained substantial traction as a managerial methodology in the healthcare
sector, with a diverse range of applications over the past two decades [24,25]. Van Lent
et al. implemented a lean thinking approach in a hospital-based chemotherapy day unit,
resulting in an enhanced process design and increased efficiency, leading to a more timely
delivery of care [26]. In a separate study, Bisgaard et al. focused on reducing the length
of stay for patients with chronic obstructive pulmonary disease. Their findings demon-
strated the potential to enhance the quality of care while concurrently reducing costs [27].
Fiorillo et al., employing the principles of lean thinking, targeted the identification and
elimination of waste and inefficiencies in preoperative activities, with a particular focus on
the preoperative LOS as a key performance indicator. Utilizing the Ishikawa diagram, the
main causes of these inefficiencies were pinpointed, facilitating a thoughtful consideration
of potential solutions. A primary corrective measure involved the implementation of a
pre-hospitalization service. A comparative statistical analysis underscored the significance
of the implemented solutions [28]. Mahesh et al. utilized the DMAIC cycle of LSS to
reduce patient wait times in a cardiology outpatient department, and other studies success-
fully applied LSS to optimize care pathways for surgical and medical patients, achieving
improvements in care quality and cost reduction [29–32].

The aim of this study is to implement and evaluate the introduction of an FTS protocol
for patients undergoing surgery for CRC by applying the DMAIC cycle. This approach
will leverage the strengths of LSS to systematically enhance postoperative recovery, reduce
morbidity, and shorten the LOS, contributing a novel perspective to the optimization of
CRC surgical care.
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2. Materials and Methods

This project was conducted at the Complex Operative Unit of General Surgery at the
AORN “Antonio Cardarelli” Hospital in Naples. Data for all patients included in this study
were gathered from the hospital’s digital information system database, encompassing
anamnestic details (such as age and gender) and clinical variables (admission, surgery,
and discharge dates, as well as comorbidities). Statistical analyses were performed using
Matlab 2022b.

2.1. Define

A multidisciplinary team undertook this investigation within the Complex Operative
Unit of General Surgery at the AORN “Antonio Cardarelli” Hospital. The initial phase
involved the development of a project charter (Table 1) to establish a collective understand-
ing of this project’s specifics, including critical-to-quality (CTQ) aspects, research questions,
objectives, items within and outside the project scope, and the timeline.

Table 1. Project charter.

Project Title
Fast-Track Surgery for Colorectal Cancer

Problem statement
An inappropriate prolongation of the length of
hospital stay for patients undergoing surgery

for colorectal cancer

Objective statement
Introduce a clinical pathway that can solve the

presented problem

Critical to quality
The CTQ is the duration of the length of

hospital stay

Target
Realize a corrective measure to reduce the CTQ

Project leader: Names will be added if the paper is accepted
Project champion:
Team members:

Timeline
Define → May–August 2018

Measure → September–October 2018
Analyze → November 2018–April 2019

Improve → May–June 2019
Control → January 2020–December 2022

In scope

1. Surgery for colorectal cancer
2. Complex Operative Unit of General

Surgery

Out of scope

1. Any other type of intervention
2. All other structures

Furthermore, a SIPOC (Supplier, Input, Process, Output, Customer) diagram was
constructed to elucidate the key characteristics of the main process and define this project’s
scope (Table 2).

Table 2. SIPOC diagram.

Supplier Input Process Output Customer

Complex
Operative Unit of
General Surgery

Surgical and
medical services.

Care process:

1. Pre-hospitalization;
2. Surgery;
3. Postoperative

activities;
4. Discharge.

• Improved outcome
for patients.

• Diagnostic and
therapeutic
information.

• Health.

• Patients
• AORN “Antonio

Cardarelli” Hospital
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2.2. Measure

In the define phase, the interdisciplinary team pinpointed the key distinctive features
of this work, including the problem to be addressed, CTQ factors, and the methods to be
employed. In the measure phase, measurements were conducted to assess the performance
of the current process.

During this phase, the dataset was derived from a sample consisting of 255 patients
who underwent surgery for colorectal cancer between January 2017 and December 2019.
Following the implementation of the new protocol from January 2020 to January 2022, in-
formation was gathered from a sample of 134 patients to assess the impact of improvement
measures on the LOS.

The following information was collected for each patient:

• Age;
• Gender;
• Type of admission;
• Ward of admission;
• Type of tumor;
• Diabetes;
• Hypertension;
• Abdominal Adherences;
• Cardiological disorders;
• Respiratory disorders;
• Gallstones;
• Peritonitis;
• Other tumors;
• Complicated procedure;
• Mode of discharge.

The aim of this project was to reduce the hospital stay for patients who underwent a
high-priority elective intervention (priority “A”). Interventions classified as ‘urgent’ were
excluded. The inclusion criteria were as follows (with ICD-9-CM ver. 2007 code):

• Surgical procedures:

■ 4571 multiple segmental resection of the large intestine;
■ 4572 cecum resection;
■ 4573 right hemicolectomy;
■ 4574 transverse colon resection;
■ 4575 left hemicolectomy;
■ 4576 sigmoidectomy;
■ 4579 other partial resection of the large intestine;
■ 458 total intra-abdominal colectomy;
■ 485 rectum resection by the abdominoperineal route;
■ 4861 transaxillary rectosigmoidectomy;
■ 4862 anterior resection of the rectum with concomitant colostomy;
■ 4863 other anterior resection of the rectum;
■ 4864 posterior resection of the rectum;
■ 4865 resection of the rectum according to Duhamel;
■ 4869 other resection of the rectum.

• A main or secondary diagnosis of the following:

■ 1530 malignant tumors of the hepatic flexure;
■ 1531 malignant tumors of the transverse colon;
■ 1532 malignant tumors of the descending colon;
■ 1533 malignant tumors of the sigma;
■ 1534 malignant tumors of the cecum;
■ 1535 malignant tumors of the appendix;
■ 1536 malignant tumors of the ascending colon;
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■ 1537 malignant tumors of the splenic flexure;
■ 1538 malignant tumors of other (specified) sites of the large intestine;
■ 1540 malignant tumors of the rectosigmoid junction;
■ 1541 malignant tumors of the rectum;
■ 1542 malignant tumors of the anal canal;
■ 1543 malignant tumors of the anus, unspecified;
■ 1548 other malignant tumors of the rectum, rectosigmoid junction, and anus.

Both graphs and descriptive variables were used to assess the current status of the
CTQ in various study variables. For the graphical part, Microsoft Excel (MS Office 2016
suite) (Microsoft Corp, Redmond, WA, USA) was used from the sheet where the study
variables and patient data were collected. In this paper, Run Chart was used to observe the
preoperative LOS, postoperative LOS, and recorded LOS for the various samples. A script
developed in the Matlab environment (R2022b) was instead used to calculate descriptive
statistics (mean, median, minimum, maximum, and standard deviation) for the LOS in
each of the subgroups identified from the different values that the variables listed above
could assume.

Furthermore, the progression of the process was additionally charted utilizing a value
stream map (VSM) to observe and comprehend the movement of materials and information,
gaining insight into the existing state of the process. VSMs enable the visualization of the
considered process by pinpointing tasks, execution durations, and personnel involvement
(Figure 1).
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Figure 1. Value stream map (AS-IS).

2.3. Analyze

In the analyze phase, starting from the measurements made in the previous section
and the critical evaluation of the VSM, it is possible to discuss the critical issues highlighted
within the process. To conduct this, the multidisciplinary team involved in this project
used a structured analysis approach such as the use of the Ishikawa diagram. This diagram,
also called a fishbone diagram, presents on the head the main problem to be addressed, in
this case an increase in the LOS, while on the fishbones the main causes and all the sub-
causes that contributed to the CTQ. The de-composition of the problem was conducted by
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combining the diagram with the use of the ‘5 Why’ technique. Only through this approach
is it possible to identify effective corrective actions, the subject of the next step.

2.4. Improve

In this phase, a new FTS protocol was defined, covering the entire process from
pre-hospitalization to discharge. The first phase involves the patient and their rela-
tives/companions meeting with the multidisciplinary team, including the surgeon, anes-
thetist, and nurses, to receive information about pre-admission, education, and counseling.
Indeed, it the positive impact that detailed, procedure-specific, patient-centered information
sessions can have on the entire surgical experience was demonstrated [33,34]. The second
phase concerns “preoperative nutritional care”. Malnutrition before surgery has been
linked to higher rates of postoperative complications and mortality, along with unfavorable
outcomes in the treatment of gastrointestinal cancer [35]. Conducting a preoperative nutri-
tional assessment to identify apparent or subtle malnutrition provides a chance to enhance
nutritional status and address specific deficiencies [36]. With the preoperative phase com-
pleted, in the perioperative phase, attention is directed towards anesthesia, antiemetics,
fluid management, and infection control. Subsequently, postoperatively, crucial areas of
focus include early mobilization, analgesia, antiemetics, fluid management, nutrition, and
urinary catheterization [37].

2.5. Control

In the last phase, the same variables were collected in the period following the actions
in the improve phase. This stage includes data from 134 patients who were discharged
after a priority “A” procedure for colorectal cancer from January 2020 to January 2022.

Graphical tools and statistical analysis were used to compare how the CTQ changed
in the two groups.

For graphical tools, Microsoft Excel was always used, implementing Run Chart on the
post-intervention data.

The recognition of the FTS protocol enabled a decrease in the duration of activities
that do not contribute significant value. More precisely, following the completion of this
project, the schedule was reiterated, resulting in the development of a new VSM.

For the statistical analysis, on the other hand, a special script was created in the
Matlab environment. After reading the dataset from a Microsoft Excel file, the code used a
specially created Boolean variable from the year of discharge to create the two groups to be
compared. At this point, subgroups were created for each variable included in this study
according to the possible alternatives available, i.e., male and female for the variable gender,
which have the LOS as the observation variable. In these subgroups, the One-sample
Kolmogorov–Smirnov test was first implemented to assess the normality of the distribution.
The subsequent processing was based on the execution of a conditional if construct. That
is, if normality was verified, the statistical t-test was implemented; otherwise, a two-sided
Wilcoxon rank sum test was employed. For both, a 95% confidence interval was chosen.
The difference was considered statistically significant when the p-value was less than 0.05.

Finally, the same code was used for descriptive statistics.

3. Results

According to the steps of the DMAIC cycle, after defining the project, timeframe, and
stakeholders and actors involved, the as-is of the process was evaluated. The first data that
were analyzed were the descriptive statistics. It should be noted that for the purposes of
the analysis, as the distributions are not normal, we would reason in terms of the median.
The results are shown in Table 3.
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Table 3. Descriptive statistics (AS-IS).

Variable Value N Standard
Deviation Min Max Median

All All 255 11.01 3 107 14

Age

Under 50 18 8.13 6 32 13
50 ≤ Age ≤ 65 76 10.85 7 88 12
66 ≤ Age ≤ 75 90 10.19 6 72 14

Over 75 71 12.75 3 107 14

Gender
Male 140 11.20 3 88 14

Female 115 10.79 5 107 14

Type of Admission Scheduled 63 13.47 8 88 14
Scheduled with

pre-hospitalization 192 10.02 3 107 14

Ward of Admission
Other surgeries 234 10.70 3 107 14

Specialized ward 21 14.31 7 72 13
Type of Tumor Colon 107 8.97 3 72 14

Rectum–sigma 130 12.71 6 107 14
Abdominal organs 4 7.05 10 27 20.5

Other abdominal tumors 14 8.81 5 36 10.5

Diabetes
No 243 11.21 3 107 14
Yes 12 6.05 8 30 15

Hypertension No 229 11.48 3 107 14
Yes 26 5.18 7 27 14

Abdominal
Adherences

No 244 9.45 3 88 14
Yes 11 29.06 8 107 11

Cardiological
Disorders

No 204 9.76 5 88 13
Yes 51 14.61 3 107 16

Respiratory
Disorders

No 227 9.53 5 88 13
Yes 28 18.12 3 107 21

Gallstones
No 248 11.12 3 107 14
Yes 7 6.32 9 27 13

Peritonitis
No 234 8.21 3 88 14
Yes 21 23.82 8 107 24

Other Tumors
No 234 11.37 3 107 14
Yes 21 5.63 7 27 14

Complicated
Procedure

No 138 11.99 5 107 12
Yes 117 9.38 3 72 16

Mode of Discharge

Dead 9 12.98 3 45 24
To home 239 7.97 5 72 14

Voluntary 5 33.24 6 88 19
Transferred to another

institution 0 0.00 0 0 0

Transferred to another
regime 2 64.35 16 107 61.5

Transferred to
rehabilitation institution 0 0.00 0 0 0

The median in the dataset is 14 days for almost all variables. Higher values were
recorded for patients whose main diagnosis was tumors of the large abdominal organs (such
as liver and pancreas), with respiratory disorders among the comorbidities, or who were
discharged with ‘Transferred to another regimen’ or ‘Voluntary’. The variability in these
cases, obtained by looking at the standard deviation, was, however, among the highest.

From a graphical point of view, Figure 2 shows the distribution of the LOS within the
group under investigation.
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Figure 2. LOS distribution (AS-IS).

It can be seen from the figure that there are several outliers that deviate from the
standard distribution tendency. The red line in the figure represents the linear trend line of
the observed data. It can be seen that a trend towards a reduction in the length of stay was
observed in the last patients treated and analyzed.

After this measurement phase, the causes of this variability were investigated through
brainstorming sessions with all staff involved. Four primary causes were found: patients,
clinical staff, hospital, and the process. Ishikawa’s analysis (Figure 3), through the “problem–
analysis–solution” pathway, enabled us to realize that each root cause had secondary causes.
The most relevant were identified as the following: the lack of adequate information on
healthy lifestyles, absence of an officially defined multidisciplinary team, and lack of a
standardized protocol.

Int. J. Environ. Res. Public Health 2024, 21, x  9 of 17 
 

 

 

Figure 3. Ishikawa diagram. 

Once the corrective actions were identified and implemented, the variables of interest 

were collected for the newly admitted patients according to the inclusion criteria defined 

in the measure phase over the next two years to test the effectiveness of the solutions im-

plemented. As before, the first results analyzed were the descriptive statistics. Table 4 

shows the results obtained. 

Table 4. Descriptive statistics (TO-BE). 

Variable Value N Standard Deviation Min Max Median 

All All 134 23.80 5 262 12 

Age 

Under 50 7 9.69 9 34 17 

50 ≤ Age ≤ 65 42 9.95 8 58 11.5 

66 ≤ Age ≤ 75 52 11.61 5 81 11 

Over 75 33 44.10 8 262 13 

Gender 
Male 87 28.77 5 262 11 

Female 47 9.39 8 58 13 

Type of Admis-

sion 

Scheduled 24 12.42 8 58 16 

Scheduled with 

pre-hospitaliza-

tion 

110 25.64 5 262 11 

Ward of Admis-

sion 

Other surgeries 124 10.84 5 81 11 

Specialized ward 10 77.86 9 262 15.5 

Type of Tumor Colon 64 31.68 7 262 12 

 Rectum–sigma 60 13.84 8 81 11 

 
Abdominal or-

gans 
1 0.00 25 25 25 

 
Other abdominal 

tumors 
9 8.48 5 34 10 

Diabetes 
No 128 24.32 5 262 12 

Yes 6 1.60 9 13 11 

Hypertension 
No 123 24.73 5 262 12 

Yes 11 8.20 8 31 10 

Abdominal Ad-

herences 

No 124 24.60 5 262 11.5 

Yes 10 10.05 9 42 12.5 

Figure 3. Ishikawa diagram.

Once the corrective actions were identified and implemented, the variables of interest
were collected for the newly admitted patients according to the inclusion criteria defined
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in the measure phase over the next two years to test the effectiveness of the solutions
implemented. As before, the first results analyzed were the descriptive statistics. Table 4
shows the results obtained.

Table 4. Descriptive statistics (TO-BE).

Variable Value N Standard
Deviation Min Max Median

All All 134 23.80 5 262 12

Age

Under 50 7 9.69 9 34 17
50 ≤ Age ≤ 65 42 9.95 8 58 11.5
66 ≤ Age ≤ 75 52 11.61 5 81 11

Over 75 33 44.10 8 262 13

Gender
Male 87 28.77 5 262 11

Female 47 9.39 8 58 13

Type of Admission Scheduled 24 12.42 8 58 16
Scheduled with

pre-hospitalization 110 25.64 5 262 11

Ward of Admission
Other surgeries 124 10.84 5 81 11

Specialized ward 10 77.86 9 262 15.5
Type of Tumor Colon 64 31.68 7 262 12

Rectum–sigma 60 13.84 8 81 11
Abdominal organs 1 0.00 25 25 25

Other abdominal tumors 9 8.48 5 34 10

Diabetes
No 128 24.32 5 262 12
Yes 6 1.60 9 13 11

Hypertension No 123 24.73 5 262 12
Yes 11 8.20 8 31 10

Abdominal
Adherences

No 124 24.60 5 262 11.5
Yes 10 10.05 9 42 12.5

Cardiological
Disorders

No 116 25.31 5 262 12
Yes 18 9.94 9 42 11.5

Respiratory
Disorders

No 126 8.49 5 60 12
Yes 8 86.35 9 262 21

Gallstones
No 129 24.23 5 262 11
Yes 5 7.05 9 28 16

Peritonitis
No 123 24.69 5 262 12
Yes 11 9.71 9 42 12

Other Tumors
No 129 24.24 5 262 11
Yes 5 5.52 11 25 16

Complicated
Procedure

No 91 27.69 7 262 11
Yes 43 12.29 5 60 12

Mode of Discharge

Dead 2 0.00 10 10 10
To home 129 8.91 5 60 12

Voluntary 0 0.00 0 0 0
Transferred to another

institution 1 0.00 31 31 31

Transferred to another
regime 0 0.00 0 0 0

Transferred to
rehabilitation institution 2 127.99 81 262 171.5

As can be seen from the results in the table, a reduction in the median was observed in
the total sample from 14 to 12 days. An interesting fact is that the age distribution shows
an increase in the LOS for younger patients. Figure 4 shows the LOS trend in the group
under investigation.
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The benefits of corrective actions are immediately evident from the distribution. In
addition to the linear prediction line tending to decrease, there were fewer outliers, with
values more concentrated towards a lower LOS. These results were then confirmed by
statistical analysis. As anticipated, no normal trend was obtained for any of the identified
subgroups, so the two-sided Wilcoxon rank sum test was always implemented. The results
are shown in Table 5.

Table 5. Results of statistical comparison.

Variable Value
Pre-Improvement Post-Improvement p-Value

N Median N Median

All All 255 14 134 12 0.014

Age

Under 50 18 13 7 17 0.627
50 ≤ Age ≤ 65 76 12 42 11.5 0.273
66 ≤ Age ≤ 75 90 14 52 11 0.012

Over 75 71 14 33 13 0.453

Gender
Male 140 14 87 11 0.003

Female 115 14 47 13 0.907

Type of Admission Scheduled 63 14 24 16 0.693
Scheduled with

pre-hospitalization 192 14 110 11 0.007

Ward of Admission
Other surgeries 234 14 124 11 0.004

Specialized ward 21 13 10 15.5 0.385
Type of Tumor Colon 107 14 64 12 0.211

Rectum–sigma 130 14 60 11 0.050
Abdominal organs 4 20.5 1 25 0.800

Other abdominal tumors 14 10.5 9 10 0.611

Diabetes
No 243 14 128 12 0.035
Yes 12 15 6 11 0.020
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Table 5. Cont.

Variable Value
Pre-Improvement Post-Improvement p-Value

N Median N Median

Hypertension No 229 14 123 12 0.021
Yes 26 14 11 10 0.443

Abdominal
Adherences

No 244 14 124 11.5 0.010
Yes 11 11 10 12.5 0.750

Cardiological
Disorders

No 204 13 116 12 0.102
Yes 51 16 18 11.5 0.077

Respiratory
Disorders

No 227 13 126 12 0.044
Yes 28 21 8 21 0.909

Gallstones
No 248 14 129 11 0.007
Yes 7 13 5 16 0.318

Peritonitis
No 234 14 123 12 0.042
Yes 21 24 11 12 0.099

Other Tumors
No 234 14 129 11 0.009
Yes 21 14 5 16 0.696

Complicated
Procedure

No 138 12 91 11 0.524
Yes 117 16 43 12 0.016

Mode of Discharge

Dead 9 24 2 10 0.145
To home 239 14 129 12 0.016

Voluntary 5 19 0 0 -
Transferred to another

institution 0 0 1 31 -

Transferred to another
regime 2 61.5 0 0 -

Transferred to
rehabilitation institution 0 0 2 171.5 -

Statistical analysis showed a statistically significant reduction in the LOS over the
entire sample. In addition, significant reductions were obtained for patients with 66 ≤ age
≤ 75; males; patients admitted to surgical wards; patients discharged home and not pre-
senting comorbidities such as Diabetes, Hypertension, Abdominal Adherences, respiratory
disorders, Gallstones, Peritonitis, or other tumors; and discharged with complicated DRG.
Another significant finding is that voluntary discharges were reduced to zero and that the
enhancement in pre-hospitalization had real benefits on hospitalization times.

To understand better this phenomenon, it was decided to also graphically represent
the trend in the Pre-Op LOS and Post-Op LOS. The results are shown in Figure 5.

In Figure 6, indeed, it is possible to observe the new VSM illustrating how detailed
information sessions, tailored to the procedure and centered around the patient, contributed
to enhancing pre-hospitalization activities. This transition resulted in a median value
decrease from 3 days to 2 days post-improvement.

Figure 7 also shows another key aspect. Thanks to the reorganization of the process, it
became more attractive to patients who chose to be treated in the hospital.

The histogram shows that from 2017, there was a rapid reduction in the number of
patients treated. From 2019, this trend reversed, showing an increase in the number of
patients admitted, as can also be seen from the moving average trend line. The decrease
in 2022 is due to the small number of treated cases included in this study, having stopped
observations in January 2022.
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4. Discussion

This study demonstrates the initial impact of applying the DMAIC cycle of Lean Six
Sigma to improve the management of colorectal cancer patients undergoing fast-track
surgery. At baseline, the median length of stay (LOS) was 14 days, higher than the 12-day
average reported in the literature for traditional surgery [38]. Evenafter implementing fast-
track surgery, the median LOS was only reduced to 12 days, which remains significantly
above the 6-day average observed in other hospitals with similar protocols [39].

The data revealed that a higher LOS was particularly pronounced in patients with
complex conditions, such as tumors of large abdominal organs or comorbidities like respi-
ratory disorders. Improvements were seen, such as a reduction in the number of outliers
and a more concentrated LOS distribution, particularly among patients without major
comorbidities and those discharged home. However, ongoing organizational challenges,
especially in the preoperative phase, and the lack of sufficient staff to manage the entire
protocol have limited our ability to achieve more substantial reductions.

This study marks only the first phase of implementing the DMAIC methodology.
Future developments will focus on addressing these barriers to further reduce the LOS
and bring it closer to the averages reported in the literature. As the LOS is reduced, we
also plan to collect information on patient satisfaction and long-term outcomes to better
evaluate the overall effectiveness of the implemented changes.

5. Conclusions

In this document, the LSS methodology was employed to diminish the length of
stay (LOS) for patients undergoing colorectal surgery at the AORN “Antonio Cardarelli”
Hospital in Naples. The DMAIC cycle was utilized to achieve this objective. In the define
phase, the key features of this project were specified and illustrated through a project
charter and a SIPOC diagram. During the measure phase, the existing process was assessed
based on the median and standard deviation. A VSM of the current workflow was drafted
to identify activities and their corresponding median times. The VSM facilitated the
identification of value-added activities and wastages. In the analysis phase, the reasons
for a prolonged LOS were explored, and statistical analyses were conducted to pinpoint
the variables exerting the most influence on the LOS. Subsequently, the implemented
FTS was detailed in the improve phase. Finally, the control phase demonstrated that the
attained results were sustained. The noteworthy outcomes obtained reveal a reduction in
the median LOS from 14 to 12 days. In comparison to the relevant literature in the field and
analogous clinical pathways, the present study yielded compelling and valuable results,
offering a valuable guide for healthcare quality improvement endeavors. Nevertheless,
it is crucial to emphasize, as indicated in the literature, that the intrinsic characteristics
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and conditions of the organization in which the clinical pathway is implemented should
be carefully considered, as they may significantly impact the outputs and outcomes of
the process.

6. Authors’ Opinion

This study is significant because it demonstrates how an approach originally de-
veloped for the manufacturing industry, Lean Six Sigma, can be effectively applied to
healthcare processes as well. Lean Six Sigma is known for its structured, data-driven
methodology, which focuses on reducing waste, minimizing variation, and enhancing
overall efficiency. These principles, while traditionally associated with manufacturing,
have proven to be just as relevant and impactful in healthcare settings, where process
improvements can directly translate into better patient outcomes, reduced costs, and a
higher quality of care.

What makes Lean Six Sigma particularly different from other process improvement
approaches is its unique combination of two powerful strategies: “Lean”, which aims to
eliminate non-value-added activities, and “Six Sigma”, which focuses on reducing variabil-
ity and improving quality through statistical methods. This dual approach sets Lean Six
Sigma apart by providing a comprehensive framework that not only targets inefficiencies
but also ensures that processes are consistent, reliable, and sustainable over time.

By applying this rigorous methodology to healthcare, the study illustrates how Lean
Six Sigma can adapt to various sectors beyond its original industrial context, making it a
flexible tool for driving change in complex environments. Unlike other approaches that
may focus solely on qualitative measures or incremental changes, Lean Six Sigma provides
a systematic and quantitative foundation for identifying problems, measuring impacts, and
implementing lasting improvements. This adaptability and focus on measurable results
demonstrate why Lean Six Sigma is a valuable strategy for improving healthcare processes
and suggest that its use could be expanded to many other areas where efficiency and quality
are paramount.
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Eds.; Springer International Publishing: Cham, Switzerland, 2021; pp. 1028–1037.

25. Joosten, T.; Bongers, I.; Janssen, R. Application of Lean Thinking to Health Care: Issues and Observations. Int. J. Qual. Health Care
2009, 21, 341–347. [CrossRef] [PubMed]

26. van Lent, W.A.; Goedbloed, N.; van Harten, W. Improving the efficiency of a chemotherapy day unit: Applying a business
approach to oncology. Eur. J. Cancer. 1990, 45, 800–806. [CrossRef] [PubMed]

27. Bisgaard, S.; Does, R.J.M.M. Quality Quandaries: Healthcare quality: Reducing the length of stay at a hospital. Qual. Eng. 2008,
21, 117–131. [CrossRef]

28. Fiorillo, A.; Sorrentino, A.; Scala, A.; Abbate, V.; Dell’aversana Orabona, G. Improving performance of the hospitalization process
by applying the principles of Lean Thinking. TQM J. 2021, 33, 253–271. [CrossRef]

29. Mahesh, B.P.; Soragaon, B.; Annigeri, A.R. Reduction of patient wait time at a multi-specialty hospital using DMAIC methodology
and factor Analysis. Int. J. Eng. Technol 2018, 7, 309–312.

https://doi.org/10.1056/NEJM199305133281901
https://www.ncbi.nlm.nih.gov/pubmed/8474513
https://doi.org/10.1016/S0140-6736(96)03386-7
https://www.ncbi.nlm.nih.gov/pubmed/8942775
https://doi.org/10.3109/00365529409096840
https://www.ncbi.nlm.nih.gov/pubmed/8036464
https://doi.org/10.1016/S0140-6736(96)03430-7
https://doi.org/10.1002/14651858.CD001216.pub2
https://doi.org/10.3748/wjg.v22.i37.8304
https://doi.org/10.1007/s11605-019-04170-8
https://doi.org/10.1016/j.jamcollsurg.2006.10.002
https://doi.org/10.1111/j.1463-1318.2011.02550.x
https://www.ncbi.nlm.nih.gov/pubmed/21564464
https://doi.org/10.1001/jamasurg.2015.4719
https://doi.org/10.32098/mltj.03.2017.14
https://www.ncbi.nlm.nih.gov/pubmed/29387645
https://doi.org/10.3109/17453674.2012.700593
https://doi.org/10.1002/bjs.8832
https://doi.org/10.1016/S0140-6736(13)61003-X
https://www.ncbi.nlm.nih.gov/pubmed/23663938
https://doi.org/10.1016/j.ejor.2011.12.029
https://doi.org/10.1038/s41598-023-41597-1
https://doi.org/10.1108/TQM-04-2013-0051
https://doi.org/10.1093/intqhc/mzp036
https://www.ncbi.nlm.nih.gov/pubmed/19696048
https://doi.org/10.1016/j.ejca.2008.11.016
https://www.ncbi.nlm.nih.gov/pubmed/19128953
https://doi.org/10.1080/08982110802529612
https://doi.org/10.1108/TQM-09-2020-0207


Int. J. Environ. Res. Public Health 2024, 21, 1226 16 of 16

30. Scala, A.; Ponsiglione, A.M.; Loperto, I.; Della Vecchia, A.; Borrelli, A.; Russo, G.; Triassi, M.; Improta, G. Lean six sigma approach
for reducing length of hospital stay for patients with femur fracture in a university hospital. Int. J. Environ. Res. Public Health 2021,
18, 2843. [CrossRef]

31. Martens, L.; Goode, G.; Wold, J.F.; Beck, L.; Martin, G.; Perings, C.; Stolt, P.; Baggerman, L. Structured syncope care pathways
based on lean six sigma methodology optimises resource use with shorter time to diagnosis and increased diagnostic yield. PLoS
ONE 2014, 9, e100208. [CrossRef] [PubMed]

32. Trunfio, T.A.; Marino, M.R.; Giglio, C.; Majolo, M.; Longo, G.; Basso, M.A.; Rossi, G.; Borrelli, A.; Triassi, M. Impact of COVID-19
in a Surgery Department: Comparison Between Two Italian Hospitals. In Proceedings of the International Symposium on
Biomedical and Computational Biology, Virtual Event, 13–15 August 2022; Springer International Publishing: Cham, Switzerland;
pp. 537–544.

33. Granziera, E.; Guglieri, I.; Del Bianco, P.; Capovilla, E.; Ciccarese, A.A.; Kilmartin, D.; Manfredi, V.; De Salvo, G.L. A multidisci-
plinary approach to improve preoperative understanding and reduce anxiety: A randomised study. Eur. J. Anaesthesiol. EJA 2013,
30, 734–742. [CrossRef]

34. Wongkietkachorn, A.; Wongkietkachorn, N.; Rhunsiri, P. Preoperative needs-based education to reduce anxiety, increase
satisfaction, and decrease time spent in day surgery: A randomized controlled trial. World J. Surg. 2018, 42, 666–674. [CrossRef]

35. Pressoir, M.; Desné, S.; Berchery, D.; Rossignol, G.; Poiree, B.; Meslier, M.; Traversier, S.; Vittot, M.; Simon, M.; Gekiere, J.P.; et al.
Prevalence, risk factors and clinical implications of malnutrition in French Comprehensive Cancer Centres. Br. J. Cancer 2010, 102,
966–971. [CrossRef]

36. Jie, B.; Jiang, Z.M.; Nolan, M.T.; Zhu, S.N.; Yu, K.; Kondrup, J. Impact of preoperative nutritional support on clinical outcome in
abdominal surgical patients at nutritional risk. Nutrition 2012, 28, 1022–1027. [CrossRef] [PubMed]

37. Walsh, H. Reducing Postoperative Length of Stay for Colorectal Cancer stoma Creation Patients. Ph.D. Thesis, Royal College of
Surgeons in Ireland, Dublin, Ireland, 2023.

38. Zhao, J.H.; Sun, J.X.; Gao, P.; Chen, X.W.; Song, Y.X.; Huang, X.Z.; Xu, H.M.; Wang, Z.N. Fast-track surgery versus traditional
perioperative care in laparoscopic colorectal cancer surgery: A meta-analysis. BMC Cancer 2014, 14, 1–12. [CrossRef] [PubMed]

39. Kehlet, H. Fast-track colorectal surgery. Lancet 2008, 371, 791–793. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ijerph18062843
https://doi.org/10.1371/journal.pone.0100208
https://www.ncbi.nlm.nih.gov/pubmed/24927475
https://doi.org/10.1097/EJA.0b013e3283652c0c
https://doi.org/10.1007/s00268-017-4207-0
https://doi.org/10.1038/sj.bjc.6605578
https://doi.org/10.1016/j.nut.2012.01.017
https://www.ncbi.nlm.nih.gov/pubmed/22673593
https://doi.org/10.1186/1471-2407-14-607
https://www.ncbi.nlm.nih.gov/pubmed/25148902
https://doi.org/10.1016/S0140-6736(08)60357-8
https://www.ncbi.nlm.nih.gov/pubmed/18328911

	Introduction 
	Materials and Methods 
	Define 
	Measure 
	Analyze 
	Improve 
	Control 

	Results 
	Discussion 
	Conclusions 
	Authors’ Opinion 
	References

