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Abstract:
Background:
Organ transportation between hospitals has many challenges since the harvested organ needs to be transplanted to the recipient within an optimal
time frame. It is important to transfer the organ from the donor to the recipient site quickly and professionally.
Aim:
The aim of this research is to investigate whether the transportation of donated hearts by drones is more efficient than transportation using roadbound vehicles.
Methods:
A simulation using MatLab software was performed to calculate the heart transportation time between three different hospitals in Mexico City by
road-bound vehicles and by drones. This simulation was performed to demonstrate how congestion and traffic in Mexico City prevent healthy
hearts from being transplanted to patients on time. The 24-hour period was divided into four 5-hour periods and these were chosen to be: Period 1
(22:00-03:00), Period 2 (04:00-09:00), Period 3 (10:00-15:00) and Period 4 (16:00-21:00).
Results:
The time it took to travel between the hospitals by car within each of the 5-hour periods was calculated. It was observed that, in period 2, a high
volume of traffic was present causing road-bound vehicles to take a longer time to deliver hearts to hospitals. All hospitals were within reach of
each other if the hearts were to be transported by drone and the delivery time by drone in all cases was less than 1.88 hours, which is the optimum
time for the harvested heart to be transported without risk from the donor to the recipient.
Conclusion:
Using drones will increase the safety of transplants, reduce the heart transplantation waiting list and eventually, heart transplantation may be
possible in different areas of the city at rush hour times.
Keywords: Drone, Organ transportation, Heart transplantation, Harvested heart delivery, Road-bound vehicles, Lengthen.
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1. INTRODUCTION
Heart transplantation is the gold standard in the treatment
of patients with end-stage heart failure. Even though there have
been great advances in technology within the cardiac field,
treatment options such as mechanical devices or medical therapy have not been able to provide long-term results which are as
good as heart transplantation. Heart transplantation is,however,
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only an option for a limited number of patients since the
number of patients with severely advanced heart failure is
increasing more rapidly than the number of available donor
hearts [1]. This imbalance between supply and demand is
causing organ waiting lists to lengthen.
In organ transplantation, it is important that the organ
should be received by a patient who is the best possible match.
Many different medical and logistical characteristics must be
considered. The general matching criteria for all types of organ
transplantation are: matching blood type, matching organ size,
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time spent waiting for transplantation and the relative distance
between donor and recipient. For heart transplantation, there
are also specific criteria including the medical urgency for the
recipient, the degree of immune system match between donor
and recipient, and whether the recipient is a child or an adult
[2]. Organs are first distributed locally, and if no match is
found within the local area, the organs are then offered
regionally and then nationally until a good organ recipient
match is found.
Ischemia time is the time period when the donated organ is
not supplied with oxygen or nutrients, which will lead to heart
damage [3]. For a heart, an ischemia time beyond 4 hours is
associated with reduced patient survival, therefore a harvested
heart should be transplanted into the recipient within 4 hours.
In a study examining six cases, it was shown that the mean
period between clamping, which initiates the ischemic period
for the heart, and harvesting of the heart ranged between 20
and 40 minutes [4]. In a study where a total of 1491 heart
transplants were analyzed, it was shown that the median
surgical implant time ranged from 71 minutes to 87 minutes
[3]. Rapid allocations of organs and procurement techniques
could reduce ischemia times [4].
When a heart becomes available at one hospital, the
medical teams must quickly transport the heart to the hospital
where the recipient is located [5]. Transportation of organs is
mainly carried out by road-bound vehicles [6]. In large cities
such as megacities, with a population of at least 10 million
inhabitants [7], the high number of cars on the roads will cause
traffic issues and congestion that increase the transportation
time of the organ from donor to recipient hospital. To lessen
this problem in India, “green corridors” have been implemented; police and other authorities allow the organ transporting
vehicles to pass through traffic quickly by keeping the traffic
lights green and keeping cars out of the way. As the volume of
transplants increases in India, this will not be a lasting solution
[5].
If organs need to be transported over longer distances or
geographical features prohibit rapid transportation via roads,
airborne vehicles can be used. The use of airborne vehicles for
organ transportation is a complex operation and a great deal of
logistical planning is required. Many stakeholders and multimode vehicles are involved when two or more transportation
methods are used. Often airborne vehicles have to be available
at short notice and many people are involved in the transportation of the organ. It has been shown that multimodal
transportation increases the risk and the level of uncertainty
because there are many different people and vehicles involved
in the transportation chain [6]. Mode of transportation must be
chosen carefully when transporting an organ since the ischemia
time, which is dependent on transportation time, affects the
success rate of heart transplan-tation. A problem for logistical
planning is that it is not easy to predict exactly when a donor
will die. Therefore, it is hard to know when the organ will be
available for donation [8]. Organizational factors such as
transportation arrangements and organ allocation can affect
ischemia time [3] and therefore patient survival.
Recently, Unmanned Aerial Vehicles (UAVs) have been
used in the healthcare transportation system for delivery of
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medical supplies to disaster areas where access is restricted,
and to safely deliver disease test samples in areas of contagion
[9]. Delivery drones carrying defibrillators have also been used
to save the lives of people suffering from cardiac arrest. Drones
with defibrillators have the ability to arrive more quickly than
road-bound emergency vehicles, increasing the chances of
patient survival [10]. UAvs may be beneficial for transportation
of goods in a rapid, safe and cost-efficient manner within the
healthcare sector [9]. Currently, several trials are ongoing to
build drones specialized in organ delivery, therefore in the near
future, this dream will come true.
1.1. Transplantation in Mexico City
Mexico has low transplant rates compared to other
countries in Latin America; this may be due to a complex
health system divided into subsystems. Each subsystem covers
different sectors of the population, for example, there is a
healthcare subsystem for employees of the state and another
one for employees in the private sector. Organs from a donor in
one subsystem are usually only provided for recipients in that
same subsystem. In most cases, there is no communication
among the health subsystems with regard to transplantation.
Transplant possibilities are therefore limited by the number of
donor and recipient matches that are available within each
subsystem. At present, all organ donors must be transferred to
an organ transplant licensed hospital. This complicates the
process of organ donation since most hospitals are not licensed
[11].
Three of the largest hospitals, which not only are licensed
to perform heart transplantations in Mexico, but also perform a
substantial amount of heart surgery are La Raza, ABC Medical
Center and the General Hospital of Pachuca. La Raza and ABC
Medical Center are located within Mexico City, and the
General Hospital of Pachuca is located in an adjacent city
called Pachuca. The General Hospital of Pachuca is the largest
of these three and is funded by the state. Likewise, La Raza
hospital is funded by the state; however, this hospital is
renowned for heart transplantations and has a strong reputation
for success within this field [12]. ABC Medical Center, on the
other hand, is privately funded; moreover, this hospital is a
leader in medical technology and patient service in Mexico
City [13]. At the time of writing this paper, the waiting list for
heart transplantation in Mexico comprised 47 patients. In 2017,
a total of 33 heart transplants were performed in Mexico (until
18 December 2017) [14, 15].
A recent study in rush hour traffic congestion concluded
that globally, Mexico City is the second worst city for rush
hour traffic after Bangkok, Thailand. Likewise, it has been
approximated that, in the chaotic Aztec capital, a journey
during the rush hour may take more than 58 minutes, instead of
an average 30 minutes travel time respecting the speed limit
[16, 17]. Accidents and other disruptions can further affect the
travel time between relatively close locations. Therefore, it is
challenging to accurately calculate the travel time of roadbound vehicles. Even though Google Maps and other route
planners take into account factors such as traffic and weather
conditions at that particular time of day when calculating route
times, for places such as Mexico City, it is extremely difficult
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to do so with high precision.
1.2. Heart Transplantation
Heart transplantation is a race against time since a
harvested heart needs to be transplanted to the recipient within
an optimal time frame of 4 hours. When a heart becomes
available at a particular hospital, the medical team must move
quickly to transport the heart to the hospital where the recipient
is located [5]. The two main transportation methods for organs
are by road or air. Road-bound vehicles are more commonly
used, but when an organ needs to be transported over longer
distances or where geographical features prohibit rapid
transportation via roads, airborne vehicles are used. The use of
current airborne vehicles to transport organs is a complex
operation that includes much coordination and planning. It
often requires multimode transportation and an aircraft must be
available at short notice [6]. The demand for organs is large;
every 10 minutes, someone is added to the national transplant
waiting list in the USA and, on average, 20 people die each day
in the USA while waiting for transplants [18]. One of the
greatest challenges within organ transplantation is moving the
organ from the donor to the recipient efficiently [5]. At present,
8 out of 10 available donated hearts do not make it to the
recipient due to a variety of factors, the most common being
the distance between hospitals resulting in prolonged
transportation time [19]. To grant transplant recipients the
healthiest outcome, it is of extreme importance that the highest
level of service and efficiency be guaranteed [6].
The aim of this project is to investigate whether the
transportation of hearts by drones is a more efficient method
than the transportation of hearts by road-bound vehicles. As an
airborne transportation method, drones could improve
logistical planning in the supply chain management of
harvested heart delivery. To study this possibility, simulations
have been performed using MatLab (MathWorks, Natick, MA,
USA). This project simulates the transportation of hearts
between three different hospitals in Mexico City by road-bound
vehicles and by drones.
2. METHODOLOGY
To gain an understanding of the logistics of heart
transplantation and to obtain accurate data to use for the
simulation, published scientific papers and web pages have
been reviewed. System identification of heart transplantations
was carried out by drawing flow diagrams based on knowledge
gained with regard to the subject. Transportation of donated
hearts was part of the system that was chosen to investigate
further. The level of abstraction was chosen to be the
transportation of donated hearts. A simulation model was
therefore created in MatLab. This simulation was performed to
investigate and demonstrate how congestion and traffic in
Mexico City prevent healthy hearts from being transplanted to
patients in need. Thus, the simulation aimed to prove that all
hearts could be successfully transplanted if all transportation of
donated hearts was carried out by drone instead of road-bound
vehicles. The level of detail about the heart was chosen to be
none for simplification purposes and it was assumed that all
hearts from donors were successfully implanted in the
recipients.
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Hence, the first step performed was to study and analyze
the congestion and traffic times between the three selected
hospitals. Thus, transportation times were studied. To
investigate how the transportation time by drone and car varied
over 1 day, a 24-hour period was divided into four 5-hour
periods: Period 1 (22:00-03:00), Period 2 (04:00-09:00), Period
3 (10:00-15:00) and Period 4 (16:00-21:00). The time it took to
travel by car between the hospitals within each 5-hour period
was calculated. The calculation was done by taking the time
predicted by Google Maps [20] for car travel between the
hospitals for each hour within the period and taking an average
of all 5 hours. The data in this work was extracted from Google
Maps namely the website link: https://www.google.se
/maps/preview. The time taken for a drone to travel between
each hospital was calculated by measuring the distance
between the hospitals using an online tool called FreeMapTools [21, 22]. The traveling time was calculated for a particular type of UAV, the “Hercules Heavy Lift” UAV, which
has average traveling speed of 51.499 km/h [23].
The aim of this study was to demonstrate how heavy road
traffic could lead to a donor heart being no longer
transplantable, so it was decided to use the period in which this
could be clearly seen. As a result, Period 2 (04:00-09:00) was
chosen to be used in the simulation as it was observed that
traffic congestion was high in this period and caused roadbound vehicles to take longer times to deliver hearts to target
hospitals.
Three hospitals were chosen due to their size and
reputation for heart transplantation in Mexico - the General
Hospital of Pachuca, La Raza, and ABC Medical Center. For
simulation purposes, it was assumed that all were capable of
performing heart organ transplantations in Period 2. In
addition, it was assumed that, apart from transporting hearts
between one another, the three hospitals could also deliver
hearts internally. In this situation, for simplification, it was
assumed that transportation required no time.
Once the above parameters had been set, the simulation
was programmed. The first part programmed in this simulation
was to make each hospital capable of generating a supply of
hearts, which represented the number of hearts that came from
the number of deceased heart donors at that specific hospital in
that particular period. The supply at each hospital was generated with a MatLab random function, randomizing numbers
from zero to a particular maximum number of hearts, which
was dependent on the size of that hospital. It was assumed that,
in that particular period, the General Hospital of Pachuga could
supply up to six hearts due to its size, while La Raza hospital
and ABC Medical Center, could only supply up to two and
three hearts, respectively, as they were smaller hospitals.
Each hospital was then also given a demand, which
represented the number of people in need of a heart at that
particular hospital, in that particular period. This was also
generated with a MatLab random function randomizing
numbers from zero to a particular maximum number of hearts.
It was assumed that, in that particular period, the General
Hospital of Pachuca could demand from zero to four hearts, La
Raza could demand between zero and eight, and ABC Medical
Center between zero and three. La Raza was given a higher
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demand than the other two hospitals because it was a very
highly specialized and renowned hospital for heart
transplantation. Therefore, the number of people waiting for a
heart would be higher. On the other hand, it was assumed that
due to the size of the General Hospital of Pachuca and because
it is a state-funded hospital, there would be a larger supply of
hearts in comparison to the demand (need). Hence, the values
of supply and demand were chosen relevant to the background
study performed on each hospital (see Introduction section).

supply and demand generated at each hospital and the time
limit of 1.88 hours. The simulation could, therefore, recognize
many different combinations of supply and demand and
provide different outcomes.
In order to create a comparative and visual result, a graph
was then plotted. The graph was based on output data from the
simulation and was created in Microsoft Excel. The graph
plotted the service level for road-bound vehicles and for drones
for each run, in which a run represented 1 day. The service
level was calculated to represent a percentage of the total
number of transplanted hearts in that period out of the potential
total number of hearts transplantable in that period. Thus, the
service level was calculated by Eq. (2):

From the study and analysis of the heart transplantation
operational chain from the literature review, the time for which
a heart can be transported, without increased risk to patient
survival, was determined and calculated to be 1 hour 53
minutes (1.88 hours). This maximum transportation time was
calculated by subtracting the maximal clamping to harvest time
and the maximal surgical time from the maximal ischemia time
that is not associated with reduced patient survival. Thus, the
transportation time allowed was calculated by Eq. (1):
𝐴𝑙𝑙𝑜𝑤𝑒𝑑 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 = (𝑚𝑎𝑥𝑖𝑚𝑎𝑙 𝑐𝑙𝑎𝑚𝑝𝑖𝑛𝑔 𝑡𝑜 ℎ𝑎𝑟𝑣𝑒𝑠𝑡 𝑡𝑖𝑚𝑒 +
𝑚𝑎𝑥𝑖𝑚𝑎𝑙 𝑠𝑢𝑟𝑔𝑖𝑐𝑎𝑙 𝑡𝑖𝑚𝑒) − 𝑚𝑎𝑥𝑖𝑚𝑎𝑙 𝑖𝑠𝑐ℎ𝑒𝑚𝑖𝑎 𝑡𝑖𝑚𝑒

Service level =

Total no. of transplanted hearts in that period
Total no. of hearts available in that period

The simulation was run 31 times, simulating a full calendar
month. For simplification purposes, when writing the code, the
Hospital General of Pachuca was given the Letter A, La Raza
Hospital was given the Letter B, and ABC Medical Center was
given the Letter C.

(1)

The simulation used the calculated transportation time to
check whether the time between hospitals complied with this
limiting transportation time and thus verified which hospitals
were within reach of each other, i.e. if the time between two
hospitals was greater than 1.88 hours, hearts could not be
transported between those two hospitals. Once this verification
was made, then the random supply and demand of hearts
generated in that particular period for each hospital were
compared. Hence, the simulation was then able to recognize
whether a particular hospital had an extra supply of hearts that
could be donated to a hospital in need of extra hearts, of course
within the 1.88 hour limit.

3. RESULTS
3.1. Transportation Times
The following figures show the differences in
transportation times between different combinations of two
hospitals using drones or road-bound vehicles. The
transportation or “delivery time” as shown on the graphs is
given in hours on the y-axis. The time of day, which is divided
into the four periods, is represented on the x-axis. The blue
columns represent “Road-bound vehicle transportation” while
the orange columns represent “Drone transportation”. Figs. (1
and 2) show the results of transporting the organs from the
General Hospital of Pachuca to La Raza Hospital and back, in
the four different periods of time during the day. The figures
show that the drone had a very similar traveling time to roadbound vehicles in almost all cases seen in Figs. (1 and 2). Also,
in all periods of the day, the drone took the same time traveling
from one point to another and back, which was about 1.6 hours.

Therefore, the simulation was programmed with the aim
that it could generate different outcomes depending on the
different combinations possible in respect of the supply and
demand of each hospital. In other words, the simulation was
programmed to recognize if a hospital could donate hearts to
another hospital depending on the different combinations of
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Fig. (1). Traveling times between the General Hospital of Pachuca and La Raza Hospital.
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Fig. (2). Traveling times between La Raza Hospital and the General Hospital of Pachuca.
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Fig. (3). Traveling times from La Raza to ABC Medical Center.
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Fig. (4). Traveling times from ABC Medical Center to La Raza.

Figs. (3 and 4) show the traveling times for the donated
organs from La Raza Hospital to ABC Medical Center and
back using both road-bound vehicles and drones. In all periods
during the day, the drone took less time than road-bound
vehicles and it was around 0.6 hours as seen in both figures.
Figs. (5 and 6) show the traveling times for the organs
from ABC Medical Center to the General Hospital of Pachuca
and back. As in Figs. (3 and 4), the results here showed that the
drone spent less time traveling than the road-bound vehicles,

approximately 1.8 hours in all time periods.
From the previous figures, it can be seen that, during
Period 2 (from 04:00 to 09:00), all hospitals were within reach
of each other for the exchange of hearts if the hearts were
transported by drones since the delivery time by drone was
always less than 1.88 hours; however, between some hospitals
(the General Hospital of Pachuca and ABC Medical Center),
the transportation times by road-bound vehicles exceeded 1.88
hours.
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Fig. (5). Traveling times between the General Hospital of Pachuca and ABC Medical Center.
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Fig. (6). Traveling times from ABC Medical Center to the General Hospital of Pachuca.

3.2.. Simulation Example - 08:00 within Period 2
The results from the simulation varied depending upon the
time of day selected. An example result is given in Fig. (7)
when the simulation was run for 08:00 within Period 2. As seen
in Fig. (7), the simulation first demonstrated which hospitals
could be reached by each respective hospital at 08:00. Then the
simulation generated a random number of hearts supplied at

each respective hospital, as seen in Fig. (7). Thus, A (the
General Hospital of Pachuca) could supply one heart, B (La
Raza) had no hearts to supply and C (ABC Medical Center)
could supply three hearts. Likewise, the simulation generated a
random number of demands for hearts at each particular
hospital. In this case, A was in need of one heart, B was also in
need of one heart, and C was in need of four hearts.

Enter time of day:8
The time from Hospital A to Hospital A at 8am is: 0 hr
The time from Hospital A to Hospital B at 8am is: 1.41 hr
The time from Hospital A to Hospital C at 8am is: 2.11 hr
Only Hospital A and B are within reach of Hospital A
Therefore A can only supply hearts to itself and hospital B if needed
The time from Hospital B to Hospital B at 8am is: 0.hr
The time from Hospital B to Hospital A at 8am is: 1.48 hr
The time from Hospital B to Hospital C at 8am is: 0.75 hr
All Hospitals are within the 1.88hr limit from B
Therefore B can supply hearts to all hospitals if needed
The time from Hospital C to Hospital C at 8am is: 0.hr
The time from Hospital C to Hospital A at 8am is: 0.93 hr
The time from Hospital C to Hospital A at 8am is: 2.13 hr
Only Hospital C and A is within reach of Hospital C
The number of hearts available at A is: 1 hearts
The number of hearts available at B is: 0 hearts
The number of hearts available at C is: 3 hearts
The total number of hearts available is: 4 hearts
The number of hearts needed at A is: 1 hearts
The number of hearts needed at B is: 1 hearts
The number of hearts needed at C is: 2 hearts
The total number of hearts needed is: 4 hearts
No hearts extra at A so only,3 heart/s can be successfully transplanted
out of the4 heart/s capable of being transplanted

Fig. (7). The command window from MatLab presents the outcome of simulation for 1 day at 08:00 (Period 2).

148 The Open Biomedical Engineering Journal, 2019, Volume 13

Therefore, A (the General Hospital of Pachuca) could meet
its own demand with its own supply as it had one heart
available and it was in need of one heart. Thus, no extra hearts
were available at this hospital, yet one successful heart
transplant could take place here. On the other hand, Hospital B
(La Raza) was not capable of meeting its own demand with its
own supply, as it had no hearts available. However, in this
simulation, at that particular time, La Raza (B) had one
recipient patient in a need of a heart. In this case for Hospital C
(ABC Medical Center), three hearts were available and were
ready to be transplanted.
In terms of demand, in this particular case, the ABC
Medical Center had two patients in need of hearts, meaning
that two hearts could be delivered to their own cardiac ward for
two successful transplants. Thus, in turn, the simulation
recognizes that C (ABC Medical Center), had one heart that
could be sent to a reachable hospital. The ABC Medical Center
could, therefore, send its extra supply of transplantable hearts
to B (La Raza Hospital). However, because as noted by the
simulation Fig. (7), B is not within the 1.88 hour limit from C,
therefore this extra heart could not be delivered to B by a roadbound vehicle.
Hence, the simulations observed and calculated how many
hearts could be successfully transplanted using road-bound
vehicles. Therefore, as seen in Fig. (7), only three hearts could
be successfully transplanted out of the four potentially
transplantable hearts. Thus, the service level for this particular
case was 3/4 (75%) and one patient had to be kept on the
waiting list for a transplantable heart.
On the other hand, if the transportation was made by drone
instead of a road-bound vehicle, all hospitals would have been
within reach of one another. Hence, by drone, the ABC
Medical Center could have delivered its extra heart to La Raza
Hospital and thus, the service level for that particular time of
day would be 4/4 (100%), as all transplantable hearts could be
successfully delivered where needed.
Each of the 31 runs produced figures for supply, demand
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and successful transplants. The 31 runs of the simulation
generated data to produce a graph that shows the service levels
for all three hospitals combined for each run Fig. (8).
4. DISCUSSION
Time period 2 (04:00 am to 09:00 am) was chosen for the
simulation as data from this period showed the heaviest traffic
in Mexico City. Thus, between these hours, transportation by
road-bound vehicles is extremely slow. Transportation time by
drones is not affected by heavy traffic so the time period
chosen clearly shows the benefit of using drones during heavy
traffic hours. However, the impact on transporting donated
hearts by a drone during other time periods of the day has not
been investigated. It can be assumed that the transportation of
donated hearts with drones will be most common during the
time of day when heavy traffic is present. Moreover, in some
time periods when there is no traffic, an ambulance can deliver
organs within the optimal time and there is actually no need to
transport hearts by drone, as seen in Fig. (8).
Additionally, the level of abstraction used in this
simulation only represents a small part of the whole system that
applies during heart transplantation. There are many parts of
the supply chain that are excluded in the simulation. Parts of
the supply chain that are not included, such as handling and
testing of the heart, can affect the overall time that the heart is
out of a body and would, therefore, affect the result of this
simulation.
The information within the level of abstraction used was
limited in this simulation. One assumption that was made is
that all hearts that are supplied have eligible recipients and that
the transplantation was successful. Unfortunately, this is not
always the case in reality. No matter how drones could impact
the delivery of hearts between hospitals during a period of
heavy traffic, a clinical result must not be assumed. However,
if clinical parameters, such as the possibility of donor-recipient
match, were taken into account, the simulation would more
accurately depict reality.

Service Level (%)

Service Level Roadbound vs Drone
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Fig. (8). Service level for all three hospitals combined for each run.

Service Level (Drone)
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In the simulation model, a simplification was made that
only road-bound vehicles transported the donated hearts. In
reality, donated hearts can be transported in many ways. The
road-bound vehicles in the simulation did not have the ability
to pass traffic, as ambulances can do when turning their sirens
on. Air-borne vehicles such as helicopters and airplanes have
not been included in this model even though they are possible
transportation methods if the organ needs to be transported
over a long distance. Adding transportation methods such as
ambulance, helicopter and airplane would make the
correspondence between the model and reference system more
accurate. This would lead to more realistic conclusions on
whether transportation with drones is a better transportation
method than the methods currently used.
For transportation within a hospital, the simplification was
made that it required no time. Of course, this is not the case in
any hospital. However, this assumption was made since the
likelihood that it would take longer than 1.88 hours to transport
an organ within a hospital is small but possible. One could
expand this simulation by adding transportation within the
hospital if transportation time within hospitals is an issue;
however, this was not investigated in this project. This addition
would, in that case, increase the accuracy of the simulation.
Each time the simulation runs, new demand will be
created. This means that patients who did not receive a heart in
that particular run of the simulation are not passed on to the
demand in the next run of the simulation. Therefore, the
waiting list does not increase even when the demand is not met,
and the service level is less than 100%. This is, of course, not
the case in reality. To make a more accurate depiction of how
the waiting list is affected, the simulation would need to be
expanded with a function that continuously adds people to the
demand who have not yet received a transplant. In addition,
some patients waiting for hearts may die while waiting for a
new heart. This should also be incorporated in the demand so
as to obtain a more accurate depiction of the real situation.
In fact, since the actual number of available hearts in a day
is extremely low, the simulation would need to run for a long
time to create a comparison between the two transportation
methods, and for this reason, a higher supply was chosen in the
simulation. Therefore, the values in the simulation do not
depict reality. However, the comparison between service levels
by a drone or a car will still be a good depiction. Using roadbound vehicles, it is not always possible for the heart to be
transported within a time frame for it. Since patients who are
on the waiting list for heart transplantation are in end-stage
heart failure, having to wait for another heart can have a fatal
outcome.
Use of drones as the transportation method for donated
hearts is not only beneficial for Mexico City but is also
applicable globally, since transplantation still remains the gold
standard in end-stage heart failure. Since drones are not
currently a widespread transportation method within healthcare, it is likely that it will take some time before healthcare
personnel and society see the potential benefits of using drones,
especially with advancements in drone technology and the
increasing accuracy of a drone’s path and control.
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Environmental factors such as weather have not been taken
into consideration in the simulation. The environment can slow
down the drone or, in a worst-case scenario, can cause total
failure. Therefore, there might be additional risks with transporting organs via drones. Further investigation of such effects
on different performance indicators, such as cost, patient
safety, work environment, etc., needs to be carried out to
clearly demonstrate the potential benefits of implementing
organ delivery drones in the healthcare system.
CONCLUSION
Organs for transplantation always have to be transported
between the donor and the recipient quickly and professionally.
It is common for organs to be transported between hospitals
within a city, within a country and even between countries. If
the distance and time between the donor and recipient are long,
the organs can become unusable. The longer the organ tissue is
without blood circulation, the more tissue damage will occur,
worsening the chances that the organ will survive and be able
to carry out the specific function in the recipient’s body. After
studying how traffic can affect times between two points, it is
clear that road-bound vehicles are not the best way to deliver
organs.
It has been shown that, in Mexico City, hearts with a
transplantation potential may not be used and may be wasted,
as they cannot reach a particular recipient due to the
transportation method of road-bound vehicles currently used.
Moreover, if drones were to transport the donated organs, there
would be more heart transplants made and thus, eventually, the
waiting list would decrease at a faster rate. This is because
drones are not affected by heavy traffic which can be very
severe at peak times in Mexico City.
This project has shown that using drones will increase the
safety of transportation, will reduce the heart transplantation
waiting list, and eventually, heart transplantation could be
made possible in different areas of the city at rush hour times.
However, as this simulation did not consider other important
factors such as a cost-benefit analysis or a risk analysis, further
investigation must be made to conclude how effective the
delivery of organs via drone could be in reality. Thus, despite
proving that drones have the potential to reach more recipients
than road-bound vehicles at a particular time of day, there is
much further work to be performed and substantial gaps to be
covered in this field, to see whether it is efficient, feasible and
reliable to transport hearts by a drone in Mexico City.
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