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Abstract—Mechanical ventilator (MV) is used to help the patient breathe by
delivering gas to the lungs at a certain rate using positive pressure. The complex
evaluation of mechanical ventilator devices at present time is a very important
and topical issue, due to the presence of many mechanical ventilator companies,
as it seems that the process of evaluation and selection of ventilator equipment
needs strong experience in this field. Our paper show that multi criteria decision
making (MCDM) methods can be applied to comparing and evaluating some al-
ternatives of mechanical ventilator devices. This study will determine new meth-
odology to help the decision makers to choosing the best mechanical ventilator
among the five alternatives based on eight criteria; Cost of the MV device; Max-
imum Inspiratory flow; Maximum Pressure; Tidal volume; PEEP; Weight of ven-
tilator; Screen size and Internal battery time. This study used two techniques;
TOPSIS technique and PROMETHEE |1 technique. Our paper used the same
weights criteria in these two techniques. The weight for each criteria should be
determined by the medical engineer expert and the decision makers. Choosing
mechanical ventilator will affect the quality of the therapeutic and diagnostic pro-
cesses, the way the treating doctor works, and also affect the patient's comfort.
Because of these reasons, we designed a new methodology based on MCDM.
The aim of this research is to design a new method for evaluating ventilator ma-
chines and medical technology for the purpose of purchasing ventilator devices
in hospitals. The choice of the appropriate ventilator device is a big problem
among the decision-makers so that its purchase must be transparent. The new
method will serve as the basis for making the decision in purchasing a ventilator.
This research dealing with effective procurement will become part of the entire
decision-making chain as the expected usability of the device also must be con-
sidered.

Keywords—Mechanical ventilator, multiple-criteria decision making, TOPSIS,
PROMETHEE

1 Introduction

A mechanical ventilator helps the patient to breathe only and does not treat the ill-
ness, so the patient’s basic condition must be determined and treated, as the patient’s
stay on the ventilator for a long period leads to harm to the patient [1]. The ventilator is
not a treatment for a disease, but it is used during treatment to stabilize the patient's
condition, for example in the case of patients with Coronavirus, the ventilator does not
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treat the virus, but it helps the patient to breathe to survive until the body recovers from
the virus and defeats it, or when pharmacological treatments work. Mechanical venti-
lation settings that are not appropriate for the patient’s condition may lead to a deterio-
ration of the condition patient and can cause more damage [2]. On the other hand, the
settings of the mechanical ventilator are below the optimum level can lead to an increase
in the patient's stay in the ICU and thus increase the patient's treatment cost. Using a
mechanical ventilator for a long time may lead to problems such as pneumonia [3].
Airway pressure and tidal volume should be set correctly in mechanical ventilators;
applied high pressure may cause damage to healthy lung units. The ventilator must be
applied for a short period of time, to avoid complications arising from the use of a
ventilator [4].

When connecting a ventilator to a patient, there are some major parameters that must
be setting to the ventilator, such as; The volume of air that enters the lung during each
breathing cycle which is called tidal volume (V;), Number of breaths per minute which
is called Respiratory rate (RR), volume of air expired per minute which is called Minute
ventilation (VE), the amount of oxygen delivered to the patient which is called Fraction
of inspired oxygen (FIO2), the inspiratory time compared to the expiratory time which
is called I:E Ratio, the speed which volume is delivered which is called Flow rate, the
value of trans respiratory system pressure at end expiration which is called PEEP (Pos-
itive End Expiratory Pressure) ; and the Maximum pressure applied to the patient’s
proximal airway which is called Peak Inspiratory Pressure (PIP) [5]. The previously
mentioned variables can decide the patient's full breathing cycle, and the primary ob-
jective of the mechanical ventilator is to facilitate gas exchange, without adding a lot
of pressure that may cause harm to a healthy lung.

The aim of this research is to design new method for evaluating ventilator machines
and medical technology for the purpose of purchasing ventilator devices in hospitals.
The choice of the appropriate ventilator device is in a big problem among the decision-
makers so that its purchase must be transparent. The new method will serve as the basis
for making the decision in purchasing a ventilator. We will evaluate the ventilator de-
vice in terms of technical and clinical aspects, also in terms of cost and ease of use. This
research dealing with effective procurement will become part of the entire decision-
making chain as the expected usability of the device also must be considered. At the
present time, the purchases of medical technology in most countries of the world lack
any coordination of the methods of decision-making in the purchase of a ventilator.
This study only addresses the issues of choosing a suitable ventilator. The main diffi-
culties in any evaluation of technology are solving the problem of evaluating the effec-
tive component of devices. The devices may not directly affect the criteria related to
the quality of life, as they affect the quality of the diagnostic and therapeutic processes,
the way the treating physician works and fundamentally affect the patient’s comfort.
To this end, we have used multi criteria decision-making (MCDM) methods to choose
the best ventilator. This study aims to assist medical engineers, doctors and decision-
makers in making the appropriate decision to choose the best ventilator. Choosing the
best device depends on several important criteria such as cost of the MV device; maxi-
mum inspiratory flow; maximum pressure; tidal volume; PEEP; weight of ventilator;
screen size and internal battery time.
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2 Methods

Multi criteria decision making (MCDM) methods applied to help decision makers
for evaluate alternative mechanical ventilator by using TOPSIS technique &
PROMETHEE II technique. TOPSIS technique & PROMETHEE I technique are very
important kind of MCDM methods in order to comparing and evaluating some of alter-
natives which is based on multiple criteria and is inconsistent. TOPSIS technique which
is the full name “Technique for Order Preference by Similarity to an Ideal Solution”.
TOPSIS technique was first introduced by Yoon & Hwang (1981) [6]. PROMETHEE
Il technique which is the full name “preference ranking organization method for en-
richment evaluation”. TOPSIS and PROMETHEE I techniques are used in many dif-
ferent areas, especially medical, also applied to a wide range of engineering and medical
decision-making problems that contain conflicting criteria.

The basic processes for the TOPSIS technique and PROMETHEE |1 technique are
displayed below.

2.1  TOPSIS technique

TOPSIS technique depend on the calculating the best ideal solution and ideal worst
solution. During this method, we should be classify each criteria; benefit criteria or non-
benefit criteria. The maximum value of non-benefit criteria is called the ideal worst
solution; also, the minimum value of benefit criteria is called ideal worst solution. The
maximum value of the benefit criteria is called ideal best solution; also, the minimum
value of non-benefit criteria is called ideal best solution [7]. The TOPSIS is easy to use,
not requiring minimization of variables, and applicable in many different areas [8].
TOPSIS is based on the simple process; it is programmable and easy to apply. The
TOPSIS method is easy in terms of maintaining the same amount of steps regardless of
problem size or number of alternatives [7, 8]. The following are the steps to be per-
formed in TOPSIS technique [9]

Step 1: The value for weight criteria (W; ) and weightage of each criteria must be
should be defined as

W =1 ()

where n is the number of criteria
Step 2: Determine the matrix of normalized value. The normalized value N;; must
be calculated by the following equation:

Ny = —2 @)

z 2
/Zi=1xij

Where x;; the value of the ith alternative and j* attribute/ criteria.

Step 3: Multiply the normalize value with the weight of each criteria as the equation
number (3); and this called (4;;).

6 http://www.i-joe.org



Step 4: ldeal best solution (V*) and ideal worst solution (V ) must be calculated by
applying the following equation (4 and 5), respectively.

B* = {(max; A;\ j € Cp), (min; A\j € C)} = {AF\j = 1,2, ..., m} (4)
B~ = {(min; A;\ j € Cp,), (max; Aj\j € C)} = {A7 \j=12,...,n} (5)

Where C,, is benefit criteria and C,. is non-benefit criteria, fori=1,2,3...m;j=1,2,3
... n: Best ideal solution B* is the maximum value of the benefit criteria and the mini-
mum value for the non-benefit criteria. Worst ideal solution B~ is the maximum value
of the non-benefit criteria and the minimum value of the criteria.

Step 5: Compute the difference distance of each alternative from the best ideal solu-
tion and the difference distance of each alternative from the worst ideal solution, by
using equation number (6, 7) respectively:

e |deal Positive Distance (D)

2,
M= (S By = 5) =12, ®

o Ideal Negative Distance (D;")

—\2 .
M;=\/Z§11(Bij—3j ) ,j=12,3....m (7

Step 6: Performance core (P;) must be calculated using the equation number (8):

P, = Mi+M+iMi_ ,i=1,2,3....m ®)

Where0< P, <,i=1,2,3....m
So, based on the performance score (P;), rank the alternative mechanical ventilator.

3 Data Collection, Criteria and Application

This study will determine new methodology to help the decision makers the choice
of the best mechanical ventilator among the five alternatives; A,= Medtronic Puritan
Bennett 980 [10]; A,= GE Carescape R860 [11]; A;= Hamilton G5/S1 [12]; A,= Dré-
ger Evita V500 [13] and As= Maquet SERVO-U [14]. Evaluate and compare between
these alternative based on eight criteria; C;= cost of the MV device, have weightage
0.35; C,= Maximum Inspiratory flow, have weightage 0.1; C; =Maximum Pressure,
have weightage 0.1; C, =Tidal volume, have weightage 0.15; C; =PEEP, have weight-
age 0.1; C, = Weight of ventilator, have weightage 0.05; C, = Screen size, have
weightage 0.05 and Cg =Internal battery time, have weightage 0.1.

The weight of each criteria was determined based on the opinions of medical engi-
neers, ICU doctors and the users. It is unusual to have the cheapest device to be the
most comfortable and the safest for the patient. Evaluation and selection of a ventilator
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is a major concern for hospitals because of its great importance in assisting in the treat-
ment of patients after major and medium surgical operation and also during the patient’s
stay in ICU. Therefore, it was necessary to design a methodology for the decision-mak-
ing of mechanical ventilators, based on some technical and clinical criteria for ventilator
devices.

The above TOPSIS Steps will be applied in the evaluation and selection of the me-
chanical ventilator. Data and information in Table 1 were collected with the help of
medical engineers and intensive care doctors & nurses, as well as with the help of man-
ufacturer catalogs.

Table 1. Data collection for mechanical ventilator criteria

c, c, C; C, Cs Cq c, Cg

$) (I/min) (cmH20) (ml) (cmH20) | (kg) | (inch) | (min)
Ay 30,000 150 100 2-2500 0-45 31 15 60
A, 32,000 160 100 2-2000 1-50 31 15 30
As 27,000 180 100 2-2000 0-50 42 15 60
A, 29,000 180 95 2-3000 0-50 23 17 30
Ag 33,000 200 120 2-4000 1-50 19 15 120

Table 2. Calculate normalized performance value

0.35 0.1 0.1 0.15 0.1 0.05 0.05 0.1

Cy C; C3 Cy Cs Ce c; Cg

($) (I/min) (cmH20) (ml) (cmH20) (kg) (inch) (min)
A | 04431 0.383 0.432 0.399 0.410 0.458 0.435 0.392
A, | 04726 0.409 0.432 0.319 0.455 0.458 0.435 0.196
A; | 0.3988 0.460 0.432 0.319 0.455 0.620 0.435 0.392
A, | 04283 0.460 0.410 0.478 0.455 0.340 0.493 0.196
A; | 04874 0.511 0.519 0.638 0.455 0.280 0.435 0.784

Table 3. Next, we multiply the weight for each criteria with the normalized performance
values of each cell, this is called Weighted Normalized Decision Matrix

0.35 0.1 0.1 0.15 0.1 0.05 0.05 0.1
c; c, Cs C, Cs Ce C; Cq
(%) (Vmin) | (cmH20) (ml) (cmH20) (kg) (inch) | (min)
A; | 01550 | 00383 | 0,0432 0.0598 0.041 0.0229 | 0.0217 |0.0392

A, 0.1654 0.0409 0.0432 0.0478 0.0455 0.0229 | 0.0217 |0.0196
As 0.1395 0.046 0.0432 0.0478 0.0455 0.031 0.0217 |0.0392
A, 0.1499 0.046 0.041 0.0717 0.0455 0.017 0.0246 |0.0196
As 0.1706 0.051 0.0519 0.0957 0.0455 0.014 0.0217 |0.0784
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Table 4. Determine ideal best solution and ideal worst solution

non benefit | benefit | benefit | benefit non benefit | benefit
benefit | Criteria | Criteria | Criteria | Criteria | benefit | Criteria | Criteria
Criteria Criteria
Cy C, [ Cy Cs Ce C, Cg
(%) (I/min) (cmH20) (ml) (cmH20) (kg) (inch) (min)
A; | 0.1550 0.0383 0,0432 0.0598 0.041 0.0229 0.0217 0.0392
A, | 0.1654 0.0409 0.0432 0.0478 0.0455 0.0229 0.0217 0.0196
A; | 0.1395 0.046 0.0432 0.0478 0.0455 0.031 0.0217 0.0392
A, | 0.1499 0.046 0.041 0.0717 0.0455 0.017 0.0246 0.0196
As | 0.1706 0.051 0.0519 0.0957 0.0455 0.014 0.0217 0.0784
v+| 0.1395 0.051 0.0519 0.0957 0.0455 0.014 0.0246 0.0784
Vv-| 0.1706 0.0383 0.041 0.0478 0.041 0.031 0.0217 0.0196

Calculated the Positive Ideal Distance (M), ldeal Negative Distance (M;) and per-
formance score (P;) by using the above equation (6, 7 and 8) respectively. As seen in

Fig. 1 the higher performance score indicate the best Mechanical Ventilator

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

3.1 PROMETHEE technique

Maquet
SERVO-U

Rank of Alternative ventilator

Drager Evita

V500

G5/S1

Hamilton GE Carescape

R860

Medtronic
Puritan

Bennett 980

Fig. 1. Rank of alternative ventilator using TOPSIS technique

To verify the results for TOPSIS technique in the above, we applied PROMETHEE
technique. PROMETHEE technique have two types PROMETHEE | and Il. Determin-
ing the leaving and entering outranking flows of alternative will be done when using
PROMETHEE I and this is called partial ranking of alternative. But when determining
the net outranking flow for the alternative will be done by using PROMETHEE II, and
this called the full ordering of alternative. PROMETHHE is consider one of the most
widely used multi-criteria decision-making approaches, as it was used for the first time
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by Brans et al [15]. The PROMETHEE | technique introduced for the alternative partial
ranking, while the PROMETHEE Il technique for the alternative complete ordering.

PROMETHEE is another type of Multi criteria decision making. When using the
PROMETHEE technique, decision makers assume the ratio of the weights of each cri-
teria based on their information about the importance of each criteria, as this technique
does not define nor give guidance for determining the weights of the criteria. In this
review [16], some writers suggested that when using the PROMETHEE |, decision
makers should participate in some additional effort, which is that some poor-performing
alternatives can be excluded from the additional evaluation criteria, which may lead to
reduced data requirements. While PROMETHEE Il provides alternatives complete
ranking, from best to worst, it is imperative to provide and inform decision-makers with
information on how to change the final arrangement when making decisions of various
criteria and weights. In this study we used the same weights criteria’s in the above.

Below find a detailed step-by-step of the calculations, definitions and equations of
the PROMETHEE Il methodology taken from [17, 18], and the methodology was
adopted in the numerical example to rank the alternatives and to choose the best me-
chanical ventilator device.

Step (1): The weight for each criteria must be determined,

W =1 ©)

where n is the number of criteria
Step (2): Determine normalize the evaluation matrix, by using the equation (10, 11)
respectively.

[xjj—min (x;5)]

Nij = [max(x;;)—min (x;;)] (10)
for Beneficial criteria (i=1,2,3,...,m ; j=1,2,3,..., n)
_ [max (x3)—x;j]
Nij - [max(x;;)—min (x;;)] (11)

for Non-beneficial criteria (i=1,2,3,...,m ; j=1,2,., n)
Step (3): Determine the differences between any two alternatives.
Step (4): The preference function, P; (A, B) of each criteria j should be calculated by

using equation (12).
Pi(A,B) = (Nyj — Ngj) if Nyj > Np; (12)

Where a and b denotes the alternatives
Step (5): The aggregated preference function, (4, B) should be calculated using
the formula (13)

(A, B) = [XlL, w; B(A,B)]/ I, W, (13)
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Step (6): Next, the leaving and the entering outranking flows should be calculated
using equations number (14, 15) respectively;

Ly, m(A,B) (A#B) (14)

L m(B,A) (A% B) (15)
Where m denotes the alternative
Step (7): The net outranking flow for each alternative @™¢¢ should be calculated us-
ing equation (16)

pnet = pt — P (16)

Finally, the alternative ranking according the net outranking flow @"¢¢ for each
value. The best alternative is the higher of net outranking flow @™,

The same previous data was used to choosing and evaluating the alternative by ap-
plying the PROMETHEE Il technique and comparing the results obtained through the
PROMETHEE Il technique with the results obtained through the TOPSIS technique.

All steps of the PROMETHEE |1 technique are applied as shown in the following
Tables.

Table 5. Maximum and minimum value for each criteria

Non Beneficial | Beneficial |Beneficial| Beneficial |[Non Bene-|Beneficial | Beneficial
Beneficial | Criteria Criteria Criteria Criteria | ficial Cri- | Criteria Criteria
Criteria teria
Cy C; C3 Cy Cs Ce c; Cs
(%) (Ymin) | (cmH20) (ml) (cmH20) (kg) (inch) (min)
A, 30,000 150 100 2-2500 0-45 31 15 60
A, 32,000 160 100 2-2000 1-50 31 15 30
Ag 27,000 180 100 2-2000 0-50 42 15 60
A, 29,000 180 95 2-3000 0-50 23 17 30
Ag 33,000 200 120 2-4000 1-50 19 15 120
Max | 33,000 200 120 4000 50 42 17 120
(Xy)
Min | 27,000 150 95 2000 45 19 15 30
(Xy)
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Table 6. Calculated R;; for beneficial and non beneficial criteria

Non Beneficial | Beneficial | Beneficial | Beneficial Non Beneficial |Beneficial
Beneficial| Criteria Criteria Criteria Criteria | Beneficial | Criteria | Criteria
Criteria Criteria
Cy C; C3 Cy Cs Ce C; Cg
%) (I/min) (cmH20) (ml) (cmH20) (kg) (inch) (min)
Ay 0.5 0 0.2 0.25 0.0 0.478 0.0 0.333
A, 0.166 0.2 0.2 0.0 1 0.478 0.0 0.0
Aj 1 0.6 0.2 0.0 1 0.0 0.0 0.333
Ay 0.666 0.6 0.0 0.5 1 0.826 1 0.0
As 0.0 1 1 1 1 1 0.0 1
Table 7. Calculated the evaluate differences of each two alternative
Cy C, C; C, Cs Cs c, Cq
%) (min) | cmH20) | (ml) | @€mH20) | (kg) (inch) | (min)
Ay 0.5 0 0.2 0.25 0.0 0.478 0.0 0.333
A, 0.166 0.2 0.2 0.0 1 0.478 0.0 0.0
Aj 1 0.6 0.2 0.0 1 0.0 0.0 0.333
Ay 0.666 0.6 0.0 0.5 1 0.826 1 0.0
As 0.0 1 1 1 1 1 0.0 1
D4, —4,) | 0334 | —0.2 0 0.25 -1 0 0 0.333
D4, —A43) | —05 —0.6 0 0.25 -1 0.478 0 0
D(4, —A,) | —0.166 | —0.6 0.2 —0.25 -1 —0.348 -1 0.333
D(4; — As) 0.5 -1 -0.8 0.25 -1 —0.522 0 —0.667
D(4, — A;) | —0.334 0.2 0 —0.75 1 0 0 —0.333
D(4, —A3) | —0.834 | —0.4 0 0 0 0.478 0 —0.333
DA, —A4,)| —05 —0.4 0.2 —0.5 0 —0.348 -1 0
D(4, — As) | 0.166 -0.8 -0.8 -1 0 —0.522 0 -1
D(4; — A,) 0.5 0.6 0 —0.25 1 —0.478 0 0
D(4; — A4,) | 0.834 0.4 0 0 0 —0.478 0 0.333
D(4; —A,) | 0.334 0 0.2 —0.5 0 —0.826 -1 0333
D(4; — As) 1 —0.4 -0.8 -1 0 -1 0 —0.667
D(4, —A,) | 0.166 0.6 —0.2 0.25 1 0.348 1 —0.333
D(4, — A3) 0.5 0.4 —0.2 0.5 0 0.348 1 0
D(4, — A3) | —0.334 0 —0.2 0.5 0 0.826 1 —0.333
D(4, — As) | 0.666 —0.4 -1 —0.5 0 —0.174 1 -1
D(4; —A,)| —05 1 0.8 0.75 1 0.522 0 0.667
D(45 — 4,) | —0.166 0.8 0.8 1 0 0.522 0 1
D(4s5 — Az) -1 0.4 0.8 1 0 1 0 0.667
D(4s — A,) | —0.666 0.4 1 0.5 0 0.174 -1 1
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Table 8. Calculate the preference function P;(a, b) of each criteria

Cy C; C3 Cy Cs Ce C; Cs
(%) (I/min) | (cmH20) (ml) (cmH20) (kg) (inch) | (min)
P(A, — A;) | 0.334 0 0 0.25 0 0 0 0.333
P(A; — A3) 0 0 0 0.25 0 0.478 0 0
P(A; — Ay) 0 0 0.2 0 0 0 0 0.333
P(A; — As) 0.5 0 0 0.25 0 0 0 0
P(A, — Ay) 0 0.2 0 0 1 0 0 0
P(A, — A3) 0 0 0 0 0 0.478 0 0
P(A, — Ay) 0 0 0.2 0 0 0 0 0
P(A, — As) | 0.166 0 0 0 0 0 0 0
P(A; — Ay) 0.5 0.6 0 0 1 0 0 0
P(A; — A,) | 0.834 0.4 0 0 0 0 0 0.333
P(A; —Ay) | 0.334 0 0.2 0 0 0 0 0333
P(A; — Ag) 1 0 0 0 0 0 0 0
P(A,—A,) | 0.166 0.6 0 0.25 1 0.348 1 0
P(Ay — Ay) 0.5 0.4 0 0.5 0 0.348 1 0
P(Ay — A3) 0 0 0 0.5 0 0.826 1 0
P(A,— As) | 0.666 0 0 0 0 0 1 0
P(As — A,) 0 1 0.8 0.75 1 0.522 0 0.667
P(4s — 4y) 0 0.8 0.8 1 0 0.522 0 1
P(As — Aj) 0 0.4 0.8 1 0 1 0 0.667
P(As — Ay) 0 0.4 1 0.5 0 0.174 0 1
Table 9. Calculated the aggregated preference function
0.35 0.1 0.1 0.15 0.1 0.05 0.05 0.1
C, C, Cs Cy Cs Ce c, Cq
(%) (/min) | (cmH20) (ml) | (cmH20) (kg) (inch)| (min)
w; *P(4; — Az) | 0.1169 0 0 0.0375 0 0 0 |0.0333
w; *P(A; — A3) 0 0 0 0.0375 0 0.0239 0 0
w; *P(A; — Ay) 0 0 0.02 0 0 0 0 |0.0333
w; *P(4; — As) | 0.175 0 0 0.0375 0 0 0 0
w; *P(4, — Ay) 0 0.02 0 0 0.1 0 0 0
w; *P(4, — A3) 0 0 0 0 0 0.0239 0 0
w; *P(A, — Ay) 0 0 0.02 0 0 0 0 0
w; *P(4, — As) | 0.0581 0 0 0 0 0 0 0
w; *P(4; — A;) | 0.175 0.06 0 0 1 0 0 0
w; *P(A; — Az) | 0.2919 | 0.04 0 0 0 0 0 |0.0333
w; *P(4; — Ay) | 0.1169 0 0.02 0 0 0 0 |0.0333
w; *P(A; — As) | 0.35 0 0 0 0 0 0 0
w; *P(4, — Aq) | 0.0581 | 0.06 0 0.0375 0.1 0.0174 | 0.05 0
w; *P(4, — Az) | 0.175 0.04 0 0.075 0 0.0174 | 0.05 0
w; *P(A, — A3) 0 0 0 0.075 0 0.0413 | 0.05 0
w; *P(A, — A5) | 0.2331 0 0 0 0 0.05 0
w; *P(As — Ay) 0 0.1 0.08 0.1125 0.1 0.0261 0 |0.0667
iJOE — Vol. 17, No. 07, 2021 13




w; #P(As — Az) 0.08 0.08 0.15 0.0261 0.1
w; «P(As — A3) 0.04 0.08 0.15 0.05 0.0667
w; *P(As — Ay) 0.04 0.1 0.075 0.0087 0.1
Table 10. Calculated 7(a, b)
n(a, b)
w; «P(4; — Az) 0.1877
w; +P(Ay — A3) 0.0614
w; +P(Ay — Ay) 0.0533
w; +P(Ay — As) 0.2125
w; +P(A; — Ay) 0.12
w; «P(A; — A3) 0.0239
w; +P(A, — Ay) 0.02
w; +P(A; — As) 0.0581
w; +P(45 — A,) 0.235
w; +P(A3 — Ay) 0.3652
w; «P(A3 — Ay) 0.1702
w; +P(A3 — As) 0.35
w; +P(A, — Ay) 0.323
w; «P(A, — Ay) 0.3574
w; *P(Ay — Az) 0.1663
w; «P(A, — As) 0.2831
w; «P(As — Ay) 0.4853
w; *P(4s — 4y) 0.4361
w; «P(As — A3) 0.3867
w; «P(As — Ay) 0.3237
Table 11. Determine the aggregated preference matrix
Mo function |41 A, s As As
Ay - 0.1877 0.0614 0.0533 0.2125
A, 0.12 - 0.0239 0.02 0.0581
Ay 0.235 0.3652 - 0.1822 0.35
A, 0.323 0.3574 0.1663 - 0.2831
As 0.4853 0.4361 0.3867 0.3237 -

14
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Table 12. Determine the leaving and the entering outranking flows

- +
Aggrrligeafter?cit)izerfer 4 42 43 Ay 4s Leavﬁg flow
Ay - 0.1877 0.0614 0.0533 0.2125 0.1287
A, 0.12 - 0.0239 0.02 0.0581 0.0555
As 0.235 0.3652 — 0.1822 0.35 0.2831
A, 0.323 0.3574 0.1663 — 0.2831 0.2824
As 0.4853 0.4361 0.3867 0.3237 — 0.4079
D 0.2908 0.3366 0.1595 0.1448 0.2259
Entering flow

Calculated the net outranking flow for each alternative @™¢* by using the above
equation (16). Rank the alternative based of the outranking flow. As see in Fig. 2 the
higher outranking flow is the best alternative

Rank of Alternative Ventilator
0.3
0.2

N N
0

Maquet Drager Evita Hamilton M ic
01 SERVO-U V500 G5/S1 Ca
0.2 Bennett 980

-0.3
-0.4

Fig. 2. Rank of alternative ventilator using PROMETHEE technique

4 Results

After applied Multi Criteria Decision Making (MCDM) methods to evaluating some
of alternatives mechanical ventilator equipment’s and to selecting the best mechanical
ventilator device from among alternatives by using TOPSIS technique and
PROMETHEE Il technique. As the results in Fig. 1 and Fig. 2 MAQUET servo U ven-
tilator is the first rank & it is the highest price device; Drager Evita V500 in the second
rank; then in the third rank is Hamilton G5/S1; Medtronic Puritan Bennett 980 in the
fourth rank and in the last rank is GE Carescape R860. The patient's stay on the venti-
lator for a long time leads to damage to a healthy lung. This method helped medical
engineers and decision-makers to choose ventilator with standards aimed at patient
comfort and aid in his recovery within a shorter period than traditional ventilator.

MAQUET servo U ventilator is the best choice mechanical ventilator among the five
alternatives based on eight criteria was selected according to the study. MAQUET servo
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U can reduces the time of patient stays on the ventilator. MAQUET Servo U ventilator
is the best and optimal device as its having the maximum performance value. This result
may be a recommendation to purchase a mechanical ventilator.

5 Discussion

Multi-criteria decision-making (MCDM) techniques can be applied to select the best
ventilator. In this study, we propose TOPSIS technique & PROMETHEE technique for
selecting and evaluating ventilators.

The proposed new method will provide a practical solution in medical equipment
supply. In this study, weights were determined for each criteria and the result was
reached after evaluating the alternatives for ventilators.

This methodology indicated that the MAQUET servo U ventilator is the best me-
chanical ventilator when applied to the TOPSIS technique & PROMETHEE technique
although the MAQUET servo U ventilator is the most expensive in price. The criteria
and weights of each criteria is given care by the medical experts and decision-makers.
MCDM techniques help intensive care physicians, medical engineers, and users to
choose the best ventilator. According to the opinion of medical engineers and hospital
decision-makers, important criteria such as cost of the MV device; maxi-mum inspira-
tory flow; maximum pressure; tidal volume; PEEP; the weight of ventilator; screen size,
and internal battery time. These results are consistent with the findings of Rogalewicz
and Jurickova [19] which was used the MCDM technique in their study. Ventilators
must be provided to the patients in the intensive care units (ICU) with high quality. A
ventilator helps the patient to breathe, so it can help the patient recover as quickly as
possible, and not be a cause of damage to a healthy lung [20]. Choosing a low-efficiency
ventilator can lead to damage to a healthy lung in addition to other damage due to the
long period of patient contact with the ventilator [21].

The current study will help to assist medical engineers, doctors, and decision-makers
in making the appropriate decision to select the best ventilator. In addition, the proposed
new method also can provide solutions to decision-making problems in the medical
field of multiple criteria and in the purchasing of medical devices.

6 Conclusion

Based on the above results, a methodology has been designed to evaluate of the me-
chanical ventilator prior to their purchase. This methodology can serve as support for
relevant decisions. This methodology and the appropriateness of using this technique
were discussed with some experts in hospitals, and it was accepted very positively, and
it should be note that the process of purchasing a respirator is linked to collecting in-
formation on some important criteria’s through suppliers and catalogs.

This paper presents MCDM for evaluation mechanical ventilator devices by imple-
menting TOPSIS and PROMETHEE Il methods. TOPSIS & PROMETHEE |1 are pow-
erful techniques used to support decisions and handle evaluation some of alternative
based of several criteria, with the aim of identifying the negatives and positives of al-
ternatives and obtaining the order of alternatives and then obtaining the best alternative.
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TOPSIS & PROMETHEE |1 are very easy to apply in engineering applications and
in the medical decision. This methodology has proven to be the most appropriate and
best way for decision-makers to evaluate and purchase mechanical ventilator by defin-
ing the important criteria/parameters for the device.
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