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Abstract   

Given the strongly adverse economic and financial conditions that Portugal is inserted into, 

companies are required to make functional and operational adjustments to their processes. 

Nevertheless, they have to strive to maintain high service and competitiveness levels while focusing 

on creating value to customers whenever possible. Transporting their internal processes to efficiency 

and efficacy levels that allows them to reach those service and competitiveness levels becomes 

therefore crucial in order to do so. 

In this regard, José de Mello Saúde (JMS) intends to introduce improvements in the operation of 

the internal logistic circuits of their HospitalCuf Infante Santo (HCIS). Although their service levels are 

consistent, logistic circuits’ operations can be improved. The ultimate goal is to create synergies 

between them by interconnecting functions, activities and jobs. 

Improvements will be proposed in this paper taking into account the tools and techniques 

presented by the Lean methodology, specially seeking for waste activities and studying their 

elimination, through a careful analysis of the circuits. Several scenarios of circuits’ improvement are 

studied and the results are presented in terms of time savings, analyzing then the impact on working 

hours. Topics of future development of this work are also briefly discussed. 

 

 
 

Keywords: process improvement, internal logistic circuits, logistic circuits/functions 
interconnection, time savings, Lean Healthcare. 



 2 

1. Introduction 

Healthcare services have been the subject of detailed analysis in the last decade, much by action 
arising from government, unions and customers pressures seeking more efficient, safer and higher 
quality service. This forces hospitals to find innovative ways to improve their service quality while 
reducing costs (Langabeer et al., 2009). Besides, the current financial crises require them to look for 
measures to contain costs but that still allows them to ensure the stipulated service levels. To this end, 
the healthcare industry has adopted several process improvement techniques and tools from other 
industries, like Lean Thinking and Six Sigma (Black & Revere, 2006; Radnor & Boaden, 2008). 

The most common process improvement projects in healthcare comprise performance 
enhancement in the operating room (Adams et al., 2004; Fairbanks, 2007) and in the emergency 
department (Christianson et al., 2005; Dickson et al., 2009); medication errors reduction (Chan, 2004; 
Esimai, 2005); costumers’ waiting time reduction (Ben-Tovim et al., 2008; Bush et al., 2007), all of 
them studied and implemented using Lean and/or Six Sigma methodologies; rescheduling medical 
staff timetables using various mathematical models (Ernst et al., 2004); patient flow restructuring 
through computer system planning (Hanne et al., 2009) and heuristic procedures (Beaudry et al., 
2010) or through changes in the organization of nursing wards, the physical configuration of the 
hospital and in the capacity planning system (Villa et al., 2009); and clinical material supply 
optimization using mathematical models (van de Klundert et al., 2008; Lapierre & Ruiz, 2007). Rais & 
Viana (2010) present an excellent review on Operational Research methods applied in healthcare, for 
example in planning the location of infrastructure to cover the greatest number of people possible, 
demand forecasting and capacity planning in the operating room. 

In an attempt to find existing works that could relate to the problem in study, the results obtained 
were negative. Simultaneously considering all logistic circuits, trying to interconnect activities and 
improve them as a whole, can be seen as a new and innovative approach. Therefore, since it is the 
material distribution activities that are intended to be improved, we are facing an attempt to reduce or 
eliminate waste and transportation/movement in vain, which does not add value to the work and 
service provided, potentially boosting the possibility of transporting various types of materials 
simultaneously. Consequently, the probable release of human resources may enable channeling 
these resources onto other tasks, namely improving the functioning of the logistic circuits in other 
activities or even working on other circuits. To the extent of our knowledge, single circuit formulations 
are already quite complex (patient circuits, for example) and no formulations for integrated logistic 
circuits exist. It was given a greater emphasis on Lean methodology and its tools and principles, which 
in fact have been increasingly used in healthcare aimed at process improvements. 

The core philosophy of Lean is the concern with waste or processes/tasks/jobs that add no value to 
the product or service provided. This waste can be identified and elaborated in seven areas, including 
overproduction, waiting, transportation, over processing, inventory, motion and defects (Ohno, 1988; 
Waring & Bishop, 2010). To reduce them, Womack & Jones (2003) propose five principles of “Lean 
Thinking”: (1) Specify value created by the process, reflecting the costumers’ view; (2) Identify “value 
streams” – processes that add value –, through Value Stream Mapping (VSM), a Lean tool; (3) Create 
“flow” throughout these processes, breaking boundaries between organizational and work-related 
groups; (4) Introduce “pull” systems through responding to customers’ needs instead of suppliers 
ones; (5) Strive for perfection, continuously seeking for process  improvements and value creation. 

This paper’s objective is to firstly identify waste activities in the healthcare logistic circuits of JMS, 
assessing then the impact of eliminating those wastes and study the possibility of interconnecting 
tasks, jobs and groups of workers, in depth for two of the circuits (clinical and pharmaceutical 
material). Topics for further development of this work are also suggested. 

2. Real World Case Study 

This study is carried in the HCIS, having 142 inpatient beds (IB) and 9 operating rooms (OR). The 
traveling distances are quite reduced. For instance, clinical material distributors only travel 12 meters 
from the warehouse to the elevators 2 and 3 and then another 5 meters to enter the IB Services. To 
get to the OR 2, they travel approximately 70 meters from the elevators. The logistic circuits to be 
considered in this study are: clinical material circuit (CMC), pharmaceutical material circuit (PMC), 
laundry/linen circuit (LC), residues circuit (RC), food circuit (FC) and courier circuit (CC). Since the 
analysis will be focused mainly on the first two circuits, a detailed characterization of both is now 
presented. 

2.1 Clinical Material Circuit 
CMC operations are based in the Central Warehouse (CW), which is located on the -2 floor and 

has about 200m
2
, accommodating over 2000 different items. In addition to the activities related to 

warehouse management, there are a set of tasks more related to the material distribution to the 
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Clinical Services: inventory level counting, information update in the computer, picking the material 
(using Portable Data Terminals, PDT) and replenish/deliver it into the Clinical Services.  

In this circuit, a team of six people is working Monday to Friday, from 9am to 5pm. One of them 
stays permanently in the CW, dealing with incoming material, placing orders and calling JMS 
headquarters, for example. Of the remaining five workers, two of them were recently assigned to be 
present in the two OR Services. This decision is due to the high cost and specificity of the material 
used in these Clinical Services. Since these OR Services have CMC workers specially designated to 
them, they are not part of the study. The last three workers are the ones responsible to cover all the 
other Clinical Services doing the distribution related tasks. 

The Clinical Services requesting this type of material can be divided in two groups, the ones in 
which the CMC distributors need to go to count the consumed material (Group 1) and the ones that 
the material requisition is sent via computer system by the Service’s responsible (Group 2) (Fig. 1). 

 
Fig. 1 - Clinical Services - Groups 1 and 2 (CMC) 

This division means that the distribution tasks are reduced to picking of the material and its 
delivery, without storing for the Clinical Services of Group 2. Also in this Group 2, there are Services 
that only require material on a bimonthly basis, which are: Angiography, CT, Echography, Hemato-
Oncology, Mammography, Physiotherapy, Radiography and Senology. 

2.2 Pharmaceutical Material Circuit 

This circuit’s operations are very similar to the previous. The Pharmacy Warehouse (PW) is located 
on the -1 floor and has also 200m

2
, approximately, with an inventory of a few thousand items. 

However, in this circuit the PDT are not available in the warehouse and distributors have always to 
store the material in the Clinical Service’s rooms, so the distribution tasks become: counting the 
material consumption, picking the material, replenish it into the Clinical Services and logging the 
counting and picking information in the computer. 

A team of five people (four distributors and one permanently in the PW) is working Monday to 
Friday, from 8am to 8pm in separate shifts. Of the four distributors, two of them start the service at 
8am and end at 4pm, another starts at 10am and ends at 6pm and the last works from 12am to 8pm. 
Regarding the employee who is in the PW, he is also present from 8am to 4pm. 

Once again, Clinical Services can be divided in two groups. Though, in this case, the number of 
Services that send the material requisition are fewer than in the previous circuit (Fig. 2). 

 
Fig. 2 - Clinical Services - Groups 1 and 2 (PMC) 

For the Group 2 Services the distribution tasks turn into picking the material, storing it in the proper 
rooms in the Clinical Services and logging the picking information in the computer system (as the PDT 
are not available in the PW). 

3. Methodology 

Since the results of the proposed improvements would mainly assume the form of time savings, it 
was necessary to carry a significant data collection of the distribution tasks durations, for those 
savings to be compared with. After the initial collection period, it was realized that collecting a 
satisfying amount of data for all the circuits would not be feasible. Therefore, it was decided to shorten 
the focus of a more detailed study to the CMC and PMC, because these two circuits share the same 
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type of distribution tasks and, in the perspective of interconnecting activities, it could be done hopefully 
easier. Either way, improvements for the remaining circuits will also be proposed, although in a more 
general way and without a quantitative basis. 

The methodology to be followed in this work goes initially by an approach to Lean, with examples 
of some of the identified Seven Wastes for the circuits, at a later stage, by Value Stream Mapping the 
CMC and PMC. Before the VSM, since the maps are complemented with data, the distribution tasks 
durations of the Clinical Services will be presented for both circuits. 

3.1 The Seven Wastes 

During the time of monitoring and analyzing the circuit’s daily operations, it was possible to 
perceive what types of waste exists in some of the circuits. An example of some of the identified 
wastes for some of the circuits is exposed in Table 1. It can be seen that the same type of wastes 
occur in several circuits, mainly the double registration. It can also be concluded that the more similar 
the circuits (CMC with PMC and LC with RC), the more similar the wastes between them. By 
identifying these wastes, improvement ideas and decisions to implement in the circuits will become 
easier and more straightforward, as it was found the cause of the problem. 

Table 1 - Example of identified wastes for some of the circuits 

Wastes CMC PMC LC RC 

Over 
production 

 Double registration of material 
consumption, first on paper and 
then into the computer system. 

 Double registration of material 
consumption and picking, first 
on paper and then into the 
computer system. 

 Double registration of 
linen weight, first on 
paper and then into the 
computer system. 

 Double registration of 
residues weight, first 
on paper and then into 
the computer system. 

Waiting 

 Waiting for distribution cars 
being used by co-workers. 

 Waiting for the Clinical Service 
responsible to sign and approve 
the material delivery. 

 Waiting for elevators. 

 Waiting for distribution cars 
being used by co-workers. 

 Waiting for the Clinical Service 
responsible to sign and approve 
the material delivery. 

 Waiting for elevators. 

 Waiting for the Clinical 
Service responsible to 
sign and approve the 
material delivery. 

 Waiting for elevators. 

 Waiting for elevators. 

Over 
Processing 

 Material missing on stipulated 
delivery, forcing another visit to 
replenish the needed material, if 
it arrives meanwhile from 
supplier. 

 Material stored in a temporary 
spot of the warehouse due to 
lack of space or human 
resource, needing to be stored 
in the proper place. 

 Material missing on stipulated 
delivery, forcing another visit to 
replenish the needed material, if 
it arrives meanwhile from 
supplier. 

 Material stored in a temporary 
spot of the warehouse due to 
lack of space or human 
resource, needing to be stored 
in the proper place. 

 Little or no existence of 
dirty linen to collect or 
insufficient amounts of 
clean linen to deliver, 
meaning the Clinical 
Services have to be 
revisited. 

 Little or no existence of 
residues to collect, 
meaning the Clinical 
Services have to be 
revisited. 

3.2 Distribution Tasks Durations 

Data collection was done by monitoring several working days of the circuits and revealed itself as 
one of the main challenges of the work. As previously stated, this collection focuses only the CMC and 
PMC. Distribution tasks were timed individually, that is, from the instant each started and ended. 
Initially it had also been recorded the travelling times between the warehouses and the Clinical 
Services, including the waiting time for elevators. Yet, after collecting a considerable number of time 
samples it was realized that these times do not influence significantly the conduct of distributors’ work. 
The elevators waiting times were rarely over 1 or 2. In addition, the HCIS is not a large hospital and 
thus the employees move between locations quickly, often without using elevators during the material 
counting task. Therefore, travel times and waiting times for elevators are not considered.  

3.2.1 CMC 

To present the data of all tasks of all Clinical Services, and since it was collected at least two 
samples for each, it was decided to consolidate them into average times for each task (in minutes) for 
each Clinical Service. The Group 1 Services are the ones that consume more time, since distributors 
have to go there and count the material usage and then log this information in the computer system. 
The IB (Floor 1) and the ICU are the lengthiest Services, with total average times of 180 and 172.3 
minutes, respectively. The quickest Services to satisfy are the Group 2 ones, where most of them are 
completed between 40 and 60 minutes. 

These durations can now be processed and arranged to represent the daily and weekly total 
expenditures (Table 2). We consider two types of weeks, the ones where the bimonthly Services are 
satisfied (Week 1) and the ones they are not (Week 2) also with the Expected Situation (ES) (average 
values) and Pessimist Situations (PS) (average values plus standard deviation). 
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Table 2 - Average tasks duration by daily and weekly total (CMC) 

Day of the 
week 

Week 1  Week 2  

Weeks Tasks 
Average duration (min; 

Weekly Total) Average duration (min; Daily Total) 

ES PS ES PS ES PS 

Monday 368.8 382.1 332.3 345 

Week 1 

Counting 478.7 500.4 

Tuesday 583.2 609 464.7 488.5 Counting Logging 127.7 136.1 

Wednesday 378.5 393.6 226 236.9 Picking (w/ PDT) 1092 1124.9 

Thursday 333.3 343.9 269.3 278.9 Storing / Delivering 446.5 456.7 

Friday 481 504.4 437.5 460.5 

Week 2 

Counting 478.7 500.4 

Weekly 
Total 

2144.8 2186.4 1729.8 1768.2 Counting Logging 127.7 136.1 

 
Picking (w/ PDT) 744.5 773.4 

Storing / Delivering 379 388.5 

3.2.2 PMC 

The same line of thought was applied when dealing with this circuit’s collected data, consolidating it 
into average times for each task for each Clinical Service. In this case, the lengthiest Service is the 
OR 1 (Group 2), with a total average completion time of 100.7 minutes. It is so because of its picking 
task, which takes 64.3 minutes to process being the highest picking time of all the Clinical Services. 
This Service is followed by the IB from Floors 1 and 2, both taking around 90 minutes to be satisfied, 
with the ER right after with a total average time of 85.8 minutes, all being part of Group 1. The 
quickest Services to be totally worked are Physiotherapy, Radiography, Mammography and 
Echography, taking about 20 minutes each. The remaining Services take between 30 and 65 minutes 
to be satisfied, except OR 2 which is completed in 78.4 minutes, on average. 

The average durations by week day according to the Clinical Services scheduling and the weekly 
total time consumption of each task, regarding Expected and Pessimist Situations, can be found in 
Table 3. 

Table 3 - Average tasks duration by daily and weekly total (PMC) 

Day of the week 

Average duration (min; Daily Total) 

Tasks 

Average duration (min; Weekly Total) 

ES PS ES PS 

Monday 731 748.4 Counting 566.8 581.5 

Tuesday 716 733.3 Picking 1623.3 1652.8 

Wednesday 758.5 776.1 Storing 659 679.6 

Thursday 616.5 634.9 
Counting & Picking 

Logging 
658.7 672,1 

Friday 686 703.2  

Weekly Total 3507.8 3547.2 

3.3 Value Stream Mapping 

Value Stream Maps are a useful tool to schematically see the process from above, used to identify 
waste activities and to consider ways to eliminate them. This tool was used to map the process of the 
CMC’s and PMC’s distribution tasks. Two versions of maps were made for each circuit, because the 
number of tasks varies according to the Group in which the Clinical Services are in. Since these maps 
are complemented with data, it was necessary to aggregate the tasks durations for each Clinical 
Service Group. Fig. 3 shows, as an example of the four VSMs, the map for the Clinical Services of 
Group 1 of the CMC, with indications of each task average duration and respective standard deviation. 

The information of the amount of material that is needed to be replenished is manually registered, 
with CMC workers travelling to the Clinical Services noting the information on a paper sheet. Then, 
they return to the warehouse to log this information in the computer system, pick the material needed 
and proceed to its storage in the Clinical Service’s rooms. The use of “push” arrows represents the 
option of the workers to perform the counting and its registration of all Clinical Services to be satisfied, 
accumulating these tasks waiting sequence. After registration of all material counting, picking is done 
on a FIFO (first in, first out) way, since as they finish a picking for a Clinical Service, they advance to 
the transport and storage of that material immediately afterwards, returning to the CW to proceed 
picking to another Service 
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Manual material 
counting in the Clinical 

Service

Manual logging of the 
counting information in 

the computer system

Picking (w/ PDT) Material Storage in the 
Clinical Service

FIFO

Clinical Service

Duration (min): 40

Standard Deviation (min): 15.4

Duration (min): 11

Standard Deviation (min): 5.9

Duration (min): 48

Standard Deviation (min): 19.6

Duration (min): 30

Standard Deviation (min): 6.7

 

Fig. 3 - VSM for Clinical Services of Group 1 (CMC) 

Label: 

 
Manual 

Information 

 
"Push” Arrow 

FIFO

 
“FIFO” Line 

The VSM shown is specifically focused on the distribution tasks and can be considered to have 
been made a zoom to the general operation of the circuit, where in a more complete mapping it should 
be included information regarding stock management, arrival of materials coming from suppliers and 
its storage in the warehouse, for example. Using VSM for a case similar to the one presented may not 
be the best option, since there are not great advantages of its use. 

4. Results and Improvement Suggestions 

JMS has already initiated measures that allow savings in time spent on distribution-related tasks in 
the CMC and PMC, as were the introduction of PDT (currently only in the warehouse of CMC) and the 
shift of responsibility for material consumption registration in some of the Clinical Services, now done 
by the medical staff or, in the specific case of the CMC’s OR Services, with the assignment of two 
workers to these Services. Therefore, this work studies the possibility of expanding these measures to 
be fully adopted, meaning that PDT will become available not only in the PW but also in every storage 
room of every Clinical Service, allowing the medical staff to register the materials used in a much 
easier way. This will result in time savings in the distribution tasks performed by circuit’s workers. The 
goal is to suggest what can be done with these savings, individually for each circuit and also 
considering their interconnection. Before the consideration of the different improvement scenarios, 
some assumptions are made regarding CMC’s and PMC’s workers, which will establish the useful 
work time and their occupancy rates in the current situation.  

4.1 CMC 

For this circuit, since the PDT are already available in the CW, in the first scenario the 
implementation of PDT in Clinical Service’s rooms with distributors still doing the inventory level 
counting is studied. This means that this information is no longer needed to be registered again in the 
computer system, eliminating this task. In the second scenario it will be considered that the medical 
staff is now registering the material consumption using the PDT, which frees the distributors from the 
material counting task. 

4.1.1 Workers’ Assumptions Definition 

CMC distributors work from 9am to 5pm. With one hour lunch break, their useful work time 
becomes 7 hours. However, there are always resting moments, like bathroom trips, breakfast and 
snack breaks and socialization with other colleagues. As such, it was decided to choose a total stop 
time of one hour. Thus, the useful working time shall be reduced to 6 hours per day. Table 4 shows 
the workload rates that the distribution tasks represent in employees’ work weeks, by dividing the total 
weekly average durations of distribution tasks by minutes of useful work per week. 

Table 4 - Workload rates of distribution tasks (CMC) 

Useful working 
hours 

Number of 
Distributors 

Minutes / Week 
Workload – Week 1 Workload – Week 2 

ES PS ES PS 

6 1 1800 119,2% 121,5% 96,1% 98,2% 

 
2 3600 59,6% 60,7% 48,1% 49,1% 

 
3 5400 39,7% 40,5% 32,0% 32,7% 

These values appear to be quite low and it could be argued that in the current situation, the number 
of staff is inadequate and could be reduced. However, it cannot be forgotten that these distribution 
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tasks are part of a range of activities that employees perform. Thus, it must be assumed a value that 
represents the minutes spent in the remaining tasks that distributors must also run. Given that was 
witnessed at least one working day in which only two distributors were present but, even so, although 
with more difficulty, the work was completed in its entirety (distribution tasks plus the remaining tasks), 
this value can be calculated by subtracting the highest value of total weekly minutes spent on 
distribution tasks (2186.4) to the total weekly minutes of useful work with two distributors (3600), which 
results in 1413.6 minutes for such remaining tasks, per week. Adding this value to the distribution 
tasks’ weekly durations and dividing that by the 5400 minutes of useful work, distributors have an 
occupation rate of 67% in Weeks 1 and 59% in Weeks 2. 

4.1.2 Scenario 1 – Using PDT in the Clinical Services’ storage rooms 

This measure not only eliminates an identified overproduction waste but also allows more reliable 
and quickly available information. The time savings are the entire duration of the logging task, which 
are 127.7 minutes for ES and 136.1 for PS, both Weeks 1 and 2. The total weekly tasks duration times 
are now 2017.2 (ES) and 2057.9 (PS) for Weeks 1 and 1602.2 (ES) and 1639.6 (PS) for Weeks 2. In 
terms of workload rates, there is a ~2% reduction when considering 3 distributors. The savings with 
this measure translate into a bit over 2 hours per week. These two hours could be channeled to 
discuss how to increase the efficiency of the work produced, such as a new warehouse configuration 
or the implementation of some simple Lean tools like 5S. On the other hand, from the perspective 
circuit’s interconnection, these savings could serve for distributors to study and understand, first, how 
the other circuits work and what differences there are relatively to their own circuit. 

4.1.3 Scenario 2 – Medical Staff Performing the Material Counting 

By passing the responsibility of the material counting task to the medical staff, distributors are freed 
from spending 478.7 minutes for ES and 500.4 minutes for PS, both Weeks 1 and 2. These numbers 
are equivalent to 8 hours per week, which when added to the savings from Scenario 1, result in 
approximately 10 hours per week. In terms of workload rates, the three distributors are now occupied 
~29% of the time in Weeks 1 and ~21% in Weeks 2. Analyzing the results for just two distributors, 
their workload rate is now around 43% for Weeks 1 and around 32% for Weeks 2. These values are 
very close to the ones for three distributors in the current situation, meaning that it is possible to free 
one distributor if these measures are implemented. These measures also enhance a deeper analysis 
of the material quantities used by each Clinical Service each day, referring to a possible re-planning of 
the amounts of material retained in both the CW and in storage rooms for each Service. Depending on 
JMS objectives, this employee can start another type of functions. Thus, there should be a cost/benefit 
analysis considering the cost of PDT acquisition and installation in all Clinical Services, and what is 
the benefit of liberating one worker and having a much more accurate inventory management. 

4.2 PMC 

For this circuit, there is the need to consider three improvement scenarios since the PDT are not 
yet available in the PW. The following two scenarios are the same as the ones considered in the 
previous circuit. 

4.2.1 Workers’ Assumptions Definition 

Given the similarity of functions performed by employees of the two circuits, assumptions made for 
the CMC workers can be transported to this circuit. The workload rates of the distribution tasks are 
present in Table 5. 

Table 5 - Workload rates of distribution tasks (PMC) 

Useful working hours Number of Distributors Minutes / Week ES PS 

6 1 1800 194,9% 197,2% 

 
2 3600 97,4% 98,6% 

 
3 5400 65% 65,7% 

 
4 7200 48,7% 49,3% 

Once more, the time spent with remaining tasks should be calculated, following the same logic. 
Thus, subtracting the weekly minutes spent with the distribution tasks (3547.2) to the useful weekly 
working time with three distributors (5400 minutes), there are 1852.8 minutes to perform the remaining 
tasks, totalizing an overall workload rate of 76%. 

4.2.2 Scenario 1 – Using PDT in the Warehouse 

Since these workers perform the counting and picking logging at the same time, this tasks’ duration 
time was collected together. Thereby, it is assumed that the time to log the counting and picking 
information is the same and dividing this task by half gives the time savings of this measure, which are 
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329.3 minutes per week. Regarding the workload rates, there is a ~4% reduction from the current 
situation. This savings represent about 1 hour per day, and the suggestions given in 4.1.2 can be 
shared to this circuit. 

4.2.3 Scenario 2 – Using PDT in the Clinical Services’ storage rooms 

Introducing the use of PDT across the entire storage rooms means the complete elimination of the 
time spent with loggings, so we are facing a time saving of ~330 minutes. This signifies freeing about 
11 weekly hours, around 2 hours and 10 minutes every day (on average) when compared with the 
current situation. In terms of workload rates, the values drop to near 40% on both ES and PS, almost 
achieving the possibility to release one distributor from this circuit. With 2 hours less on the normal 
work time per day, this circuit’s workers can actually start working together with other colleagues from 
other circuits, after a natural period of study and adaptation. 

4.2.4 Scenario 3 – Medical Staff Performing the Material Counting 

This measure allows saving around 570 minutes per week, with the elimination of the counting 
task. Adding the three scenarios savings, a reduction of 35% in the weekly total tasks durations from 
the current situation is achieved, resulting in about less 20.5 weekly hours, roughly 4 hours per day. 
The workload rates for four distributors are now around 32% but, more importantly, are ~42.5% for 
three, which means that one human resource can be released. 

4.3 Interconnecting Activities between CMC and PMC 

In this new planning it will be considered that the measures studied in the previous scenarios will 
be taken into account for the purpose of their implementation. Thus, there are only two distribution 
tasks, the picking of material and its delivery or storage. From the perspective of team intersection, 
there is now a group of five distributors, two from the CMC and three from the PMC, which are 
considered to be able to handle both types of materials and representing 9000 weekly minutes of 
useful work time. It should be recalled that, in the case of the CMC, there still are the differences 
between Weeks 1 and 2, which are transported to these circuits’ interconnection. 

The approach to follow consists of two different scenarios. In the first, each circuit’s scheduling will 
simply be "added", that is, joining the Clinical Services to be satisfied on the same day of the week 
and adding up the tasks durations assigned to the two circuits for each Clinical Service. The second 
will examine the possibility of changing the day of the week on which a Clinical Service is satisfied by 
one of the circuits, proceeding to its junction with another day of the week in which that Clinical 
Service is already satisfied by the other circuit, overlooking also a leveling of the daily workload. In 
both scenarios there may be an advantage performing the tasks of different types of material for the 
same Clinical Service, in order to simultaneously delivering clinical and pharmaceutical material. 

4.3.1 Scenario 1 – Without Scheduling Changes 

As stated, to calculate the new daily and weekly tasks durations, the durations of both circuits for 
each task of each Clinical Service were added. Then, the results were arranged to meet the existing 
schedules, summing the tasks durations for each day of the week (Table 6). 

Table 6 - Average tasks duration by daily and weekly total – Scenario 1 (Circuits' Interconnection) 

Day of the 
week 

Week 1  Week 2  

Weeks Tasks 
Average duration (min; 

Weekly Total) Average duration (min; Daily Total) 

ES PS ES PS ES PS 

Monday 714.5 798.9 678 757.5 
Week 1 

Picking 2826.3 3153 

Tuesday 904.1 1024.4 785.6 889.6 Storing / Delivering 1145.3 1517.7 

Wednesday 819.5 922 633.5 714.1 
Week 2 

Picking 2488.8 2775.4 

Thursday 777.6 871.5 713.6 801.9 Storing / Delivering 1077.8 1241.5 

Friday 756 853.8 756 853.8 

 Weekly 
Total 

3971.7 4470.7 3566.7 4016.9 

As shown, there is considerable variation in the daily workload, with days characterized by 
durations quite high compared to others, such as Tuesdays and Wednesdays in Weeks 1 and 
Tuesdays and Fridays for in Weeks 2. In terms of workload rates these tasks represent about 47% in 
Weeks 1 and 42.5% in Weeks 2. Recalling the remaining tasks times of each circuit and adding them 
to the highest value of the distribution tasks (4470.7+1413.6+1852.8), workers face an overall weekly 
work time of about 7737 minutes, giving an occupation rate of ~86%. 
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4.3.2 Scenario 2 – With Scheduling Changes 

To study this scenario, it was considered the CMC’s Week 1 in order to match as many Clinical 
Services as possible, given that in Weeks 2 the bimonthly Services are not satisfied. After rearranging 
the scheduling, the new daily workload is much more satisfying and balanced (Table 7). 

Table 7 - Average tasks duration by daily and weekly total – Scenario 2 (Circuits' Interconnection) 

Weeks 

Average duration (min; Daily Total) 

Monday Tuesday Wednesday Thursday Friday 

ES PS ES PS ES PS ES PS ES PS 

Week 1 832 932.7 792.6 904.4 797 893.2 785.1 879.7 760 860.7 

Week 2 745 834.4 729.6 826.5 669.5 750.1 721.1 810.1 701.5 795.8 

Being the most enticing objective of this work, this interconnection study deserves a greater depth, 
into the operational planning level. As a future development of this work, it should be studied how the 
simultaneous performance of the distribution tasks can be achieved. Creating a Clinical Services 
ordering, depending on the task durations for each type of material, could be a good start. For 
instance, the picking duration for the Nursing Wards Service are quite different (49.3 minutes for the 
CMC and 16 minutes for the PMC, in ES), so it could be studied an allocation of other tasks in the 
33.3 minutes separating the completion of this task. On the other hand, the worker ending the picking 
of pharmaceutical material could join the one performing the clinical material picking and finish the rest 
of that task in half the time. Then it would be necessary to consider the possibility of carrying both 
types of materials in the cars currently used by the circuits. In this case, the cars used by the PMC are 
only adequate for transporting that type of material and the CMC’s ones are not adequate at all. If JMS 
does not invest in more suitable transport cars, with sufficient height and shelves, the deliveries have 
to continue to be made using two different cars, and hence by two distributors. 

5. Conclusions 

According to JMS objectives, several scenarios of operational changes of the internal logistic 
circuits were studied, with a view to increase efficiency. The analysis was based on measures aimed 
at eliminating tasks that, on one hand, do not bring value to the process and, on the other hand, can 
be accomplished by other hospital staff. In addition, after an individual and further study to the clinical 
and pharmaceutical material circuits, the possibility of interconnecting functions and activities between 
these teams was also analyzed. 

It was concluded that only the fact of introducing the PDT in the pharmacy warehouse would bring 
significant gains, resulting in the release of one hour per day on average. However, it was when the 
responsibility of the inventory level counting task changed to the medical staff that the greatest 
savings were achieved, naturally, with the release of a human resource in each of the two circuits. 
JMS needs to acquire sufficient PDT to cover the all the HCIS Clinical Services and encourage 
medical personnel to assume other responsibilities, which, monetarily, does not represent an 
significant investment. 

The interconnection study showed the viability of the joint. However, this study requires a much 
deeper and consequently more complex analysis. It should be investigated the best ways to 
synchronize tasks among distributors to perform distribution tasks for both types of materials 
simultaneously, thus entering an operational planning. By conducting this study, the gains that could 
be achieved are obviously greater. Therefore, it is suggested to further investigate this issue, through 
the analysis of allocation of workers to activities and activity scheduling.  

Simpler suggestions can also be made for the remaining circuits, as acquiring registry equipment to 
enhance time usage or allowing performing internally the food distribution now outsourced to the 
catering company. Opportunities for integrating the LC and RC can be further explored. 

6. References 

Adams, R., Warner, P., Hubbard, B., & Goulding, T. (2004). Decreasing turnaround time between 
general surgery cases: a six sigma initiative. Journal of Nursing Administration, 34, 140-148. 

Beaudry, A., Laporte, G., Melo, T., & Nickel, S. (2010). Dynamic transportation of patients in hospitals. 
OR Spectrum, 32, 77-107. 

Ben-Tovim, D., Bassham, J., Bennett, D., Dougherty, M., Martin, M., O'Neill, S., et al. (2008). 
Redesigning care at the Flinders Medical Centre: clinical process redesign using “lean 
thinking”. Medical Journal of Australia, 188, S27-S31. 



 10 

Black, K., & Revere, L. (2006). Six Sigma arises from the ashes of TQM with a twist. International 
Journal of Health Care Quality Assurance, 19, 256-266. 

Bush, S., Lao, M., Simmons, K., Goode, J., Cunningham, S., & Calhoun, B. (2007). Patient Access 
and Clinical Efficiency Improvement in a Resident Hospital–based Women’s Medicine Center 
Clinic. American Journal of Managed Care, 13, 686-690. 

Chan, A. (2004). Use of Six Sigma to improve pharmacist dispensing errors at an outpatient clinic. 
American Journal of Medical Quality, 19, 128-131. 

Christianson, J., Warrick, L., Howard, R., & Vollum, J. (2005). Deploying Six Sigma in a health care 
system as a work in progress. Joint Commission Journal on Quality and Patient Safety, 31, 
603-613. 

Dickson, E., Anguelov, Z., Vetterick, D., Eller, A., & Singh, S. (2009). Use of Lean in the Emergency 
Department: A Case Series of 4 Hospitals. Annals of Emergency Medicine, 54, 504-510. 

Ernst, A. T., Jiang, H., Krishnamoorthy, M., & Sier, D. (2004). Staff scheduling and rostering: A review 
of applications, methods and models. European Journal of Operational Research, 153, 3-27. 

Esimai, G. (2005). Lean Six Sigma reduces medication errors. Quality Progress, 38, 51-57. 

Fairbanks, C. (2007). Using Six Sigma and Lean methodologies to improve OR throughput. AORN 
Journal, 86, 73-82. 

Hanne, T., Melo, T., & Nickel, S. (2009). Bringing Robustness to Patient Flow Management Through 
Optimized Patient Transports in Hospital. Interfaces, 39, 241-255. 

Langabeer, J., DelliFraine, J., Heineke, J., & Abbass, I. (2009). Implementation of Lean and Six Sigma 
quality initiatives in hospitals: A goal theoretic perspective. Operations Management 
Research, 2, 13-27. 

Lapierre, S., & Ruiz, A. (2007). Scheduling logistic activities to improve hospital supply systems. 
Computers & Operations Research, 34, 624-641. 

Ohno, T. (1988). Toyota Production System: Beyond Large-Scale Production. Productivity Press. 

Radnor, Z., & Boaden, R. (2008). Lean in Public Services: Panacea or Paradox? Public Money and 
Management, 28, 3-6. 

Rais, A., & Viana, A. (2010). Operations Research in Healthcare: a survey. International Transactions 
in Operational Research, 18, 1-31. 

van de Klundert, J., Muls, P., & Schadd, M. (2008). Optimizing sterilization logistics in hospitals. 
Health Care Management Science, 11, 23-33. 

Villa, S., Barbieri, M., & Lega, F. (2009). Restructuring patient flow logistics around patient care needs: 
implications and practicalities from three critical cases. Health Care Management Science, 12, 
155-165. 

Waring, J., & Bishop, S. (2010). Lean healthcare: Rhetoric, ritual and resistance. Social Science & 
Medicine, 71, 1332-1340. 

Womack, J., & Jones, D. (2003). Lean Thinking: Banish Waste and Create Wealth in Your 
Corporation, Revised and Updated. Free Press; 2nd edition. 

 

 

  

 


