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Abstract: This period of pandemic has had important consequences on the flow and the entire organization of any hospital.
In particular, the number of accesses to the emergency room has increased, with the consequent urgent need to reorganize it
quickly. The model proposed in this paper allows to respond to these needs by freeing not only shifts of nursing staff but also
surgical staff. This workforce can then be relocated in the emergency room or of the intensive care unit who are in fact at the
forefront of emergency management. The aim of this study conducted by the authors is to analyze, inside the context of a
midsize Italian hospital, the actual organization model, and then to approach it by Business Process Reengineering (BPR)
methodology with the goal to propose a KPI management system that evaluates the efficiency ofthe whole surgical path. The
second objective of the study isto verify if the Operating Rooms (ORs) are properly sized to cover the surgical workload or if
it would be necessary to build new ORs (answer to this question is the project mandate by Surgical Wards Chiefs). The last
objective is to implement a flexible to cope with emergency situations such as a pandemic. The main result is the
approximate maintenance of surgical annual activity (8169 vs 7889). The fewer resources required can be reallocated to deal
with emergencies such asthe current COVID-19 pandemic. In fact, the surgical shifts decreased during the test case from 464
versus 365 (-15,32%). The rooms’ utilization coefficient rose from 41% to over 52%, whereas the surgeons’ utilization
coefficient rose to 61% (with values over 68% for parallel shifts). The results achieved demonstrate that improving efficiency

of surgical processes is feasible and a systematic approach allows to respond to new global health challenges.
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. INTRODUCTION

Europe, like every other developed region, has
experienced a rapid expansion of public healthcare
expenditures in the last 50 years [1].

The same critical situation is also true for Italy, where
healthcare costs have reached levels no longer sustainable
for the National Health System. In Italy, political
decisions try to contain costs using linear cuts, such as
reduction of hospital beds, payment levels, and
recruitment blocks [2]. Another strategy used to contain
this problem is that of standard costs, or the definition of
one cost that is valid across the entite country for each
type of activity or purchase [3].

Particular attention on the scientific community has
recently focused on Industry 4.0 and the healthcare sector
with emphasis on the operating rooms [4-5].

The current scientific literature does not refer an analysis
of the complete surgical path; therefore, the authors aim

to perform it. In fact, usually, the analysis is focused on
the individual phases of the process (e.g. the patient's
path, the use of the recovery room, the scheduling
algorithm for the operating rooms, etc.), while an
overview of the process is often missing [6-10].

The main purpose of this study is to analyze the current
organization model, in the context of a midsize public
Italian hospital, and then to reengineer the process for
proposing a KPI management system being able to
evaluate the efficiency of the whole surgical path.

The secondary aim of the study is to verify if the number
of the Operating Rooms is sufficient to cover the surgical
requirements or, otherwise, if it will be necessary to build
new ORs according to the Surgical Wards Chiefs mandate.
Finally, health systems have recently been required to
implement flexible models that allow for the conversion
of resources to be used during emergency situations such
as a pandemic.
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Il. MATERIALS AND METHODS

The analysis has been conducted in a 430-beds hospital
with a total of eight ORs distributed as two for urgent
surgery, four dedicated to general surgery, and two
dedicated to other specialties (with about 8,000
operations/year and a waiting list of more than 5000
patients).

The authors’ approach follows the standard Business
Process Re-engineering (BPR) steps as shown in Figure 1.

BPR has spread above all in the Anglo-Saxon world in the
early 1990s in the private firm sector. In those years, one
of the first definitions of BPR has been provided by
Hammer in a paper which appeared on Harvard Business
Review [17]. In this definition, the author defines this
technique as “the substantial afterthought and the radical
redesign of the business processes for the purpose of
obtaining relevant results in terms of quality and services
improvements to the user and enhancement in the
productivity (cost reduction in view of a volume rise of
the performance provided)” [18]. Later, around the middle
of the 1990s, some publications based on this approach
also appeared relative to the healthcare sector. The BPR in
a managerial approach for the management of the
organizational change based on the logic for processes

STEP 1 Systemic vision
Flow chart
w creation and
KPIs definition
STEP 3 !
As Is analysis
A
STEP4 To Be proposal
STEP 5 Management
gL presentation

[19].
Fig. 1. Authors’ approach scheme

Figure 1 shows the BPR approach through the five main
subsequent steps:

1. Creation of the flow charts for the main process
and for the sub-processes involved;

2. Definition of suitable Key Performance
Indicators (KPIs) to study the system;

3. As Is analysis. This means the evaluation of the
current situation based on the management’s objectives;

4. Definition of the To Be scenario to improve the
As Is and evaluation of the new performances with KPIs;

5. Presentation of the new scenario to
management.
B. Stepl

The Authors, by using the Lean Technique, mapped the
paths of the different surgical specialties, aiming to
highlight the absence of standardization.

C. Step2

The authors, inspired by the principles of Lean
Management, carried out a performance analysis in terms
of the efficiency of the operating rooms and of the
relevant operating personnel. To this end, they defined a
series of KPIs for measuring the performance of each
actor involved.

For this purpose, the authors referred to the classic
company organization scheme regarding “time analysis”
of the surgical tracking (Figure 2).

Surgical operative time
. TO: Patient entry into the Central Surgical Block
. T1: Patient entry into the Operating Room
. T2: Patient ready for surgery
. T3: Beginning of surgery
. T4: End of surgery
. T5: End of anesthesia
. T6: Exit of patient from the Operating Room

« T7: Transfer of patient from Central Surgical
Block to the wards

. T8: Operating room ready for the next surgery

Fig. 2. Detail of the surgical operative time

The surgical operative time tracking was used for further
analysis, as follows:

. Direct operating time (T4-T3): time in which the
room is occupied by the surgeons who carry out the
operation (from cutting to sewing);

. Indirect operating time (T3-T1) + (T'8-T4): time
during which activities strictly functional to the
surgical act are undertaken. On average, between one
operation and another about 60 minutes are spent on
activities not directly related to operations: about 15
minutes for the anesthesiologic infusion and about 45
minutes for the cleaning, sanitizing, re-equipping, etc.
operations. This time breakdown implies a significant
limitation of the number of patients that can be
operated on in one shift. These times were determined
by the information system and subsequently verified
by an investigation carried out directly in the operating
rooms.

e Operating time (OT): is the sum of the direct
operative time (ODT) and the indirect operative time
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(NODT) and represents the room activity time (T'8-
T1).
. Non operative time (NOT): represents the room
time lost as a result of system inefficiency (incorrect
management of the patient in transfer from the BOC
to the operating room, any unavailability of the
instruments, etc.). In the case studied by the authors it
was calculated as the difference between the time of
availability of the room and the operating time.
. Total available time (T) is the theoretical time of
availability of the room which was considered to be
equal to 13 hours (from 7 am to 8 pm).
Fig. 3 shows the breakdown of the operating room time in
a typical day.

Breakdown daily operating room time

Time (howes]

Fig. 3. Breakdown of the operating room time in a typical
day

D. Step3

Once the Tx con X (1 ,.,8) have been defined, the
following KPIs can be calculated:

e the room’s utilization coefficient relative to
strictly surgical activity (C1);

o the room’s utilization coefficient relative to the
strictly surgical activity plus other operative
activities (C2).

C1 is calculated as a ratio between the room’s direct
operating time and the room’s operating time.

C2 is calculated as a ratio between the room’s operating
time and the room’s total available time.

Following the methodological dictates of the BPR, the
authors have carried out initial data collection.

The main purpose of the As Is analysis, in our model, is to
describe three main problems:

e The absence of a standardized process;

e The absence of a single entity to manage the whole
process (on one hand there was a total absence of
control over the patient's path, with the result that
the patient was at the mercy of the system and at risk
of being "lost" or forgotten; on the other hand, there
were overlapping competences, duplication of
functions, interference between the entities, and
therefore additional costs).

e The absence of criteria to attribute the surgical slots

E. Step4
TO BE PROPOSAL, consists of three main phases:

a) the organization of a single entity (Centralized
Pre-Hospitalization (CPH)), which manages the patient
from the first appointment with the clinician through to
the operating table. The entity schedules and organizes the
procedures, through a close collaboration with a dedicated
engineer;

b) according to Step 2 results a management model based
on the parallelization of the operating rooms was applied
[20]. With such an organizational model, the surgical team
which operated in room “A” starts operating on the
patient in room “B” after about 15 minutes from the end
of the stitching in room “A”, recovering 45 minutes of
surgical activity with each patient change. Having finished
stitching the patient in room “B” the team is thus ready to
start a new operation in room “A” after 15 minutes and so
on. Moreover, an operation scheduling instrument capable
of proposing automatically and quickly a programming
scheme of the rooms was developed.

9) an algorithm for scheduling OR interventions,
developed to optimize the KPIs indicated by the
management (maximization of the utilization of the
surgeons and the operating room staff, maximization of
the utilization coefficient of the operating rooms, etc), was
implemented. Among the Management philosophies
adopted, two stood out:

e To increase the utilization of the surgeons during
their work shift as much as possible;

e To maximize the utilization of the operating
rooms and the staff assigned during their
opening hours.

F. Step5
At first the authors implemented a simulation test case on

a one month’s activity.

The results obtained showed foremost a significant
decrease in overtime and underuse hours (see Table I and
Table II).

TABLEI
OPERATING ROOMS OVERUSE AND UNDERUSE (AS IS)

Week a|LOOCﬁ§d uhnou:rtasd : ())(eri_ frc: ::?fliciencies
(hours)
WEEK 1 196 16,6 20,8 37,4
WEEK 2 193,5 26,6 17,9 44,5
WEEK 3 189 24 14,2 38,2
WEEK 4 186,5 24,6 7,5 32,1
TOTAL 765 91,8 60,4 152,2
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TABLE Il
OPERATING ROOMS OVERUSE AND UNDERUSE COMPARISON BETWEEN
AS IS AND TO BE SCENARIOS

WEEK ASIS TO BE DIFFERENCE
WEEK 1 37,4 3,87 -33,53
WEEK 2 44,5 9,47 -35,03
WEEK 3 38,2 6,4 -31,8
WEEK 4 32,1 5,25 -26,85
TOTAL 152,2 24,99 -127,21

Considered in terms of the Total Available Time of the
rooms allocated, Table 111 shows for each week the lower
number of hours required by the new methodology.

The model proposed by the authors, by reducing the extra
hours and improving the scheduling of procedures, also
allows the utilization coefficient of the room to recover by
6.6%. Also, thanks to the reduction of the time allocated
and not used, the occupation coefficient of the room
increases by almost nine absolute percentage points.

Another important improvement concerned the activity of
the surgeons.

The Total Availability Time of the surgeons is reduced by
around 63 hours as a result of the reduction in the
TNDO, thanks firstly to the use of the parallelism and,
where possible, to the reduction of consecutive
procedures in the same room.

The TE hours saved translate into a lower cost for the
entity, added onto the lower TE costs for the room and
greater availability of the surgeon himself or herself to
carry out further procedures.

TABLE Il
TE OF OPERATING ROOMS

WEEK ASIS TOBE DIFFERENCE
WEEK 1 216,8 191 25,8
WEEK 2 2114 187,1 243
WEEK 3 203,2 181,8 214
WEEK 4 194 164,5 -29,5
TOTAL 825,4 7244 -101

Over the four-week period, the total requirement for
room time has therefore been reduced by around 100
hours, with a saving of over €50,000. The lower costs of
the surgeons and overtime pay also need to be considered,
and these may be estimated at around €12,000 for the
period in question.

As a further element of the economic benefit for the
entity, the revenues derived from the use of the rooms
freed up by the new scheduling need to be added, and

these may be estimated as revenues attributable to forty
procedures of average duration in the "typical" month. If
we then analyze the calculation of the inefficiencies
between the two management philosophies, other definite
advantages in favor of the TO BE version emerge.

Then, considering the positive opinions received in the
test after a Management presentation, the health
management and the clinicians, in full agreement with the
authors, decided to implement the proposed model in a
three-months’ test case managed by an industrial engineer
and a surgeon.

I1l. RESULTS

A. Three months’ Test Case results

Looking at the surgical process from its inception, the
main advantage was that CPH had the rule to revise the
supposed waiting lists mainly through a patient recall. In
fact, the number of patients present in the list dropped
from over 5000 to about 1700.

In regards to the first aim the authors reengineered the
surgical path according to the methodology previously
described. The main result is that in order to maintain
approximately the same surgical activity (8169 vs 7889 in
the new model (-3,4%)) in terms of annual surgical
intervention numbers, fewer surgical resources were
necessary in the three months analyzed: 464 vs 365
surgical shifts (Table IV).

TABLE IV
SURGICAL-ENVISAGED SHIFTS IN THE TRADITIONAL MODEL VS NEW
MODEL IN THE DIFFERENT SURGICAL STRUCTURES (A TO )

New model
Structures Traditional model New model

shifts single shifts 1, rllel shifts
A 104 63 24
B 89 9 52
C 37 8 22
D 25 13 0
E 26 32 0
F 23 9 0
G 22 8 3
H 57 47 0
1 81 75 0
Subtotal 464 264 101

Table IV shows that the reduction in surgical spaces was
obtained through:

1) the reduction of surgical shifts allocation;

2) the principle of parallelization.

Since the medical team is made up of three operating
surgeons, the direct consequence is a saving of 297
shifts/surgeon (Table I, right columns). The double
saving translates into a possibility of carrying out about
300 operations of an average duration in the 12 weeks.
This possibility, if adequately exploited, would drastically
reduce the waiting list of patients awaiting surgery. It must
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be considered that Table I also contains the structures that
use a dedicated operating room. As can be imagined, from
this table the shifts have also been rationalized.

Table V shows the comparisons regarding the number of
shifts of nurses and anesthetists, with a saving of 196
shifts/nurse against an increase of just two shifts of
anesthetists.

TABLEV
NURSES AND ANESTHETISTS SHIFTS IN THE TRADITIONAL MODEL VS
NEW MODEL
Structures A* B* c* D* E* (=
A 312 285 104 312 111 261
B 267 235 89 267 113 183
C 111 112 37 111 52 90
D 75 39 25 75 13 39
E 78 96 26 78 32 96
F 69 27 23 69 9 27
G 66 36 22 66 14 33
H 171 141 57 171 47 141
I 243 225 81 243 75 225
Total 1392 1196 464 466

A" nurses shifts-traditional model

B nurses shifts-new model

¢ anesthetist shifts-traditional model

P* surgical team shifts-traditional model
E* anesthetist shifts-new model
 surgical team shifts-new model

The coefficients C1 and C2 are thus calculated (see Table
VI).

TABLE VI
KPIS IN THE TRADITIONAL AND IN THE NEW MODEL

KPIs Traditional model New model
C1 40,99% 52,33%
C2 47,83% 61,05% (68%)

From the data shown in Table VI it can be seen that, apart
from savings in the room availability and personnel shifts,
the new organizational model also allows the following
results:

. the rooms’ utilization coefficient rises from 41%
to over 52%;

. the surgeons’ utilization coefficient rises to 61%
with values over 68% for the surgeons who have worked
in parallel.

As a direct consequence of the previous results the
authors concluded there is no need to build new operating
rooms. In fact, 2 operating rooms dedicated to the day
surgery activity, which were in another building, were

included in the eight operating rooms available (see
Discussion).

B. Possible scenarios for using the results during
a pandemic

The emergency department plays a crucial role in the
hospital flow management [21]. This period of pandemic,
completely unforeseen, has had important consequences
on the flow and the entire organization of any hospital. In
particular, the number of accesses to the emergency room
has increased, with the consequent urgent need to
reorganise it quickly. This epidemic occurred without
warning and required hospital structures to have models
already studied and tested that would free up resources in
a short time. In addition, this pandemic has also infected
many healthcare workers with the consequent need to
replace the infected to ensure constant patient care.
Moreover, the intensive care units had to respond to
treatment on patients who were expected to increase their
care time on Covid 19 patients.

The model proposed in this paper, now consolidated,
allows to respond to these needs by freeing not only shifts
of nursing staff but also surgical staff. This staff can then
be relocated to support colleagues in the emergency room
or of the intensive care unit who are in fact at the
forefront of emergency management.

IV. DISCUSSION

According to the literature there is a number of papers
that address the topic of surgical activity. Some authors
approached the study through a segmentary way in order
to achieve a more economic [22-23] or a more efficient
[24-26] process. Correll et al. highlighted one of the
aspects pointed out in this paper [27]. In particular they
underlined the positive effects of an entity capable of
managing the patient throughout the whole surgical path
on improving the efficiency of the operating rooms. The
vision of the entity is similar to the role that the authors
gave to CPH but a BPR approach is missing in Harders et
al. [28]. Then, there are many authors who tackled the
problem of scheduling the operations in the operating
rooms from different viewpoints [29-30].

The work of Cardoen et al. is particularly remarkable; in it
they report a broad critical analysis of the literature
regarding planning and scheduling the operating rooms

[37]-

Finally, the study of Cima et al. is of particular interest,
considering the problem of globally improving the
efficiency of the operating path [38]. However, the work
differs from the approach proposed in this paper because
it is strongly characterized by the motivation of reducing
the costs and increasing the revenue.

Looking back on the examination of the management
models proposed in the literature, the idea of addressing
the issue of optimizing the utilization of the operating
rooms and/or of the surgical staff is a winning approach.
This has been done considering the process in its entirety
rather than evaluating individual subsystems. It has been
confirmed, at the implementation phase, that the
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methodology developed has the versatility and capacity
for generalization that the authors intended for it (see
Table III). The approach proposed has also proved
capable of being adapted relatively easily to the most
diverse operating contexts. The fact that the type of
algorithm used for scheduling the rooms/operating staff
can also be varied, adapting it to the specific efficiency
requirements of the system, has proved to be a
determining asset in enabling the management of each
structure to achieve its predetermined targets.

The process of rationalizing resources not only allows
optimizing the staff working performances but also allows
increasing the performance coefficients of the staff and
the operating rooms.

The authors consider an official positive signature of the
present paper as the institution of a formal Surgical Path
Regulation approved by the management: in this
document all the implementation rules have been
reported.

Secondly, it has been demonstrated that the operating
rooms are sufficient. In fact, it has been possible to
allocate in BOC also the Day Surgery operating rooms
which were two operating rooms located in another
building of the hospital.

Finally, the authors believe that this flexible model can be
used to relocate staff where they are really needed and the
recent pandemic underlined the needing of fast and
flexible solutions.

V. CONCLUSION

The authors concluded that improving efficiency of
surgical process is feasible. The main result of the study is
that a systematic approach is necessary to achieve the
results reported.

This approach made it possible to:

. free up the surgical departments from wasting
time with bureaucratic formalities (first and foremost
calling patients and drawing up lists), with no added value;
. improve the capacity of interfacing and
integrating with the other hospital services (radiology,
blood transfusion centre, etc.) thanks to a structured

plan/program;

. envisage the need of services in an increasingly
punctual and precise manner as the date of the operation
approaches.

Moreover:

. the patient is at the centre of the programming
of the surgical activity;

. all patients undergo their operations in certain
times;

. no patient is forgotten after being staged and, as

a consequence, the hospital does not lose the costs of the
staging;

. the waiting lists are always updated.

In the future, the authors will further address the question
of whether the methods proposed to analyze the surgical
process could also lead to a more rationale use of
resources functional to surgery (e.g. disposable surgical
devices, pathology, radiology ...). In fact, improved

relations with the ancillary services to the BOC are an
added benefit deriving from the introduction of the
weekly operating list. Indeed, being aware of the operating
list means that the structures which are responsible for
supplies can check the availability of the material, thus
guaranteeing the devices necessary for that planning.
Previously, the daily operating list (and not the weekly
one) was sent to the Services the day before the
operations, in the late afternoon, thus preventing supplies
of missing materials with a consequent delay in the
scheduled operations.

While on the one hand the BPR is a technique extendable
to all the contexts, obviously the results achieved are
correlated to a specific context. One of the limits of this
study is linked to the period reported (three months) even
if the consequent six-twelve months confirmed the
important trend achieved.

All of the results discussed translates into lower costs
from inefficiencies and, in some cases, also into greater
revenues for the entity as a result of the increase in
productivity or to manage a pandemic. Moreover, where
possible, the economic benefit that can be derived from
introducing the proposed methodology could be directed
towards achieving greater efficacy in the care provided to
the patient.
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