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Abstract 

Chemotherapy preparations are often complex and subject to a 
strict regulatory context. The existing control methods are often 
limited to Double Visual Control (DVC). In this paper, the 
preparation circuit of chemotherapy drugs is evaluated through 
data collection and statistical analysis in order to highlight the 
difficulties encountered. The results regarding preparation and 
control times and the number of task interruptions highlight the 
unreliability of the DVC and its impact on processing time. As 
a solution, we propose a decision support system “Smart Prep” 
based on Augmented Reality (AR), co-developed, and commer-
cialized by the Faculty of Pharmacy of Lille, Ecole Centrale de 
Lille and the company Computer Engineering. This system al-
lows the preparation of chemotherapy drugs according to a 
step-by-step mode, a traceability of the preparation steps and a 
reduction of tasks’ interruptions.  

Keywords:  
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Introduction 

 Since 2004, cancer has been the main cause of premature death 

in France, ahead of cardiovascular diseases. According to the 

French National Cancer Institute (FNCaI), the number of new 

cancer cases is estimated to 382,000 per year and the number of 

cancer deaths is estimated to be 157,400 in 2018 in France [1]. 

The mortality rate has been steadily decreasing for the past 25 

years. However, cancers with a poor prognosis at 5 years 

represent 31% of cancers for men and 17% for women. 

Research in the field of cancer is extremely active.  

Chemotherapy Drugs Preparations (CDP) are sterile 

pharmaceutical preparations according to the Good Practices in 

Preparation (GPP) [2]. They must be carried out in Controlled 

Atmosphere Zones (CAZs) with controlled microbiological and 

particulate air contamination to ensure the quality of the 

prepared drug. They also may contain substances harmful to the 

staff and the environment. It is therefore necessary to 

implement protective and isolation measures to reduce the risk 

of chemical contamination [3, 4]. In addition, identification and 

traceability of the different batches and vial numbers must be 

carried out. Currently, at the central pharmacy of Lille 

University Hospital (LUH), CDP requires two pharmaceutical 

technicians: one who prepares the drug, and another who 

ensures a second control of the procedure. LUH central 

pharmacy is not equipped with the methodologies and tools 

needed to support decision-making and management that are 

adapted to the requirements of its operating environment. The 

only information system the operators use during CDP is the 

software CHIMIO® of Computer Egineering company. It 

contains information about chemotherapy circuit including 

preparation protocols. In this paper, we present an evaluation of 

the current CDP circuit in the central pharmacy of LUH in order 

to highlight the difficulties encountered. Then, we propose a 

preparation and control assistance tool “Smart Prep” using AR, 

co-developed by the Faculty of Pharmacy in Lille, Ecole 

Centrale de Lille and the company Computer Engineering. 

“Smart Prep” is an Android application that can guide the 

pharmacist in the preparation of chemotherapy drugs: it fetches 

the preparation instructions from the CHIMIO® webservice 

database, then displays them on the screen of the glasses during 

the preparation. The glasses must ensure real-time control of 

CDP as well as traceability.  

Method 

Preparation of chemotherapy drugs: Current circuit at 
the central pharmacy of LUH 

At LUH, the preparation circuit includes several steps: 

Prescription of chemotherapy by the physician which is done in 

2 formats: a printed format consisting of a pre-filled prescrip-

tion specific to each drug, and a digital format on CHIMIO® 

software for the drugs prepared by the Centralized Cytotoxic 

Preparation Unit (CCPU) of the pharmacy. 

1. After checking its conformity, the printed prescription 

is used to allocate and dispense the vials required for 

the preparation.  

2. The vials are transferred and received after microbio-

logical decontamination in the preparation area of the 

CCPU. The vials are then stored and packaged while 

awaiting pharmaceutical validation. 

3. At the pharmaceutical validation station, the pharma-

cist/pharmacy intern carries out the computerized entry 

of the vials into stock as well as the pharmaceutical 

validation. Once the validation has been carried out, a 

printed manufacturing sheet is edited in the storage 

area. 

4. The operator performs the preparation kit which is 

placed in a basket according to the instructions on the 
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printed manufacturing sheet, and initials the manufac-

turing sheet. Each basket is double-checked by a third 

person. The objective is to check the existence of the 

material necessary for the preparation and the adequate 

vials. 

5. After transfer to the isolator, the operator carries out 

the preparation following the instructions on the manu-

facturing sheet. The preparation steps are controlled by 

a second person (operator, pharmacy extern, pharmacy 

intern or pharmacist). 

6. The preparation is after that transferred to the Quality 

Assurance Room with the associated preparation sheet 

and the vials used. The pharmacist or pharmacy intern 

performs a release check.  

7. After checking phase, the Registered Nurse administers 

the preparation. 

Different control points can be identified in the CDP circuit: 

checking the compliance with the prescriptions, control of prep-

arations by DVC (in pre-process by the double-control of the 

basket, in process by the double-control of the steps of prepara-

tion and in post-process by the control of the vials of both of 

the active drug used before destruction and the preparation (in-

tegrity, expiration, ...) at the time of pharmaceutical release and 

control by the nurse before administration. 

Evaluation and control of CDP circuit at LUH 

Given the narrow therapeutic range of anti-cancer drugs, their 

preparation in a centralized unit is associated with a high risk 

of errors occurring at any stage of the process (prescription, val-

idation, preparation and administration) [2, 5, 6]. In Bateman's 

study, the factors perceived to have contributed to errors were 

explored. The predominant factor was individual error (78.1%), 

followed by distraction or interruption (4.3%), inadequate train-

ing (3.7%), work overload (3.2%) and understaffing (3.1%) [4]. 

In order to reduce errors, control methods can be adopted for 

the CDP circuit control such as the DVC which involves a third 

person to visually control the realization of a preparation step. 

The inspector checks each critical step performed by the oper-

ator during the preparation. This is an in-process control 

method. The gravimetric control is also used for CDP control. 

It consists of a control of the preparation by a weighing system 

using an electronic scale connected to a computer and the prep-

aration software. Unlike the DVC, the operator acts autono-

mously. A knowledge of the density of the active drug is essen-

tial. Another control method is the digital video control that 

uses a camera system to check the identity of the active drug 

and the volume of the syringes. Several hospitals use this con-

trol system which consists of taking photos of each critical stage 

using a camera positioned either outside the preparation unit 

using an articulated arm [5, 6] or inside it [7]. Drugcam® (Eu-

rekam, La Rochelle, France) [8] is a dynamic video surveillance 

system providing real-time assistance to the operator. It llows 

the control of risky phases of the preparation by recognizing 

objects (vials, syringes, labels) and product volumes without 

having to re-label with datamatrix or barcodes. Moreover, it al-

lows a complete video recording of the manufacturing process 

[9]. A comparison between these control methods [10, 6, 11, 

12] shows tha the DVC is adapted to the control of the prepara-

tion with notably an exhaustiveness of the control points but it 

lacks reliability and robustness. In spite of its reliability, gravi-

metric control does not seem to be totally adapted to the control 

of preparations because the density of the active substance is 

not always known. Regarding the control by digital video sys-

tem, it allows preparing drugs without the knowledge of the 

physico-chemical data of the preparation and allows to ensure 

a posteriori traceability of the preparation steps. However, it is 

related to the problem of purchase cost and upstream parame-

terization. 

Augmented Reality (AR): A new solution for the control of 
CDPs 

AR can be defined as an interface between virtual data and the 

real world. It is a technique which overlays reality with its 

digital representation updated in real time. It thus offers the user 

possibilities of interaction in real time. This technology is in full 

development in the healthcare field, and is used, for example, 

to model the organs and blood vessels of patients in 3D, thus 

facilitating the learning process and the work of surgeons, in 

particular to create precise 3D reconstructions of tumors [13, 

14]. The AccuVein® scanner is another example. It illuminates 

the veins on a patient's skin, which helps nurses and doctors to 

locate them before inserting a needle [15].  

 

Figure 1: Smart Prep Architecture 

In this context, we propose “Smart Prep” (Figure 1), an efficient 

tool using AR for the safety improvement of injectable CDP 

process. It is a hands-free tool designed to help the operator in 

the preparation steps and to record his actions. It consists of a 

software solution integrated into AR glasses allowing to guide 

the operator carrying out the preparation in a step-by-step 

approach. In order to implement “Smart Prep”, several 

modifications have been made in the preparation circuit: since 

the presence of datamatrix on the vials and bags is necessary, 

the vials without datamatrix are relabelled. Regarding the 

preparation of the basket, as there is no printed preparation 

sheet, it is based on a computerized checklist obtained thanks 

to the datamatrix on the manufacturing label. During the 

preparation, the operator is identified by scanning a datamatrix 

on a name tag, which ensures computerized traceability of the 

operator at each step. Then, he scans the preparation label 

corresponding to the prescription number to access the digital 

preparation sheet. During preparation, the control steps are 

modified: the vials and pre-filled bags are controlled by 

scanning the datamatrix. Only the control of volumes 

(reconstitution, purging and volume of active drug) is still 

carried out by DVC by a third person. In order to avoid any 

omissions in traceability, the DVC steps are traced 

(identification of the double-controller by scanning the name on 

the badge). This step has been made necessary and blocking in 

order to validate the end of the preparation. To avoid the use of 

generic datamatrix, the glasses are equipped with a voice 

recognition system activated by key words: "next" (to go to the 

next step) " photo " (to take a photo), " pause " (to interrupt the 

preparation in case of preparation with a pause time after 

reconstitution), " return " (to go back to the previous step). At 

the end of the preparation, all the photos taken are saved in PDF 

format corresponding to the batch file of the preparation and 

archived in the batch file on CHIMIO®. This file allows an a 

posteriori control of the preparation thanks to the photos taken 

during the preparation. The different phases of preparation and 

taking photos can be configured before the preparation in the 
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CHIMIO® software. The different steps of “Smart Prep” 

functioning are detailed in Figure 2. 

 

 
 

Figure 2: Smart Prep Functioning 

Results 

In order to evaluate the current preparation and control circuit 

of injectable chemotherapy drugs, a data collection was carried 

out in order to highlight the omissions of traceability on the 

printed preparation sheets, the parameters which influence the 

time of preparation, the impact of the DVC and the 

interruptions of tasks during CDP related to the DVC.  

 

 

Figure 3: Representation in box plot of preparation and dou-
ble-control times, total preparation time and basket prepara-

tion time 

There are two phases in data collection: a first phase of 

collection for traceability anomalies on the preparation sheets, 

and a second phase for the observation of CDPs. The first phase 

of data collection was conducted from 23/01/2020 to 

21/02/2020. During this period, 284 preparations were 

performed at the CCPU. 25 traceability omissions were 

observed, which represents 8.8% of the preparations. The 

second phase of the collection extended from 23/01/2020 to 

13/06/2020. 134 CDPs were monitored which represents 27 

different active drugs. In addition, there were 22% of active 

drugs requiring reconstitution. Graphical representations were 

made for all the preparations observed, whatever their 

characteristics (INPN (International Non-Proprietary Name), 

reconstitution, packaging) in order to evaluate the distribution 

of the different preparation times (Figure 3). 

 

Double-control time analysis 

For the analysis of predictive factors of the double-control 

duration, the candidate covariates are studied (Table 1).  

 

Table 1: Predictive factors of the double-control time 

According to Table 1, the impact of the sterilization airlock 

used is obvious (p=0.01). For a preparation sterilized in the exit 

airlock, the double-control time decreased by 52 seconds with 

a confidence interval CI95% [12; 93]. This could be due to the 

difference in the type of preparation placed in the two airlocks. 

In fact, as the exit airlock has a smaller capacity, preparations 

requiring less material and therefore more rapidly controlled are 

loaded into it. The impact of the INPN was also revealed 

(p<0.0001). The double-control time increased for all the 

INPNs compared to placebo except for Bortezomib. This result 

is explained by the number of steps to be controlled, which is 

lower for placebo (no vials or volume of active drug) and 

Bortezomib (no solvent or tubing). Besides, the effect of 

packaging (p<0.0001) is clear. The double-control time 

increases with empty bag packaging. This result can be 

explained by the large number of syringe volumes to be 

controlled. 

 

Tasks’ interruption analysis 

Table 2 shows that for 42%, i.e., 58 observations, the double-

control of the preparations was split with an average number of 

comings of 1.6 per preparation (s = 0.9).  

 
Number of comings 1 2 3 4 5 6 

Number of observations 78 39 11 4 1 1 

Average Time per coming (s) 145 66 36 31 56 15 

Table 2: Number of observations and average time of double-
control according to the number of comings of the double-

controller 

Each preparation is not necessarily controlled twice by the same 

person, for 9 preparations two different persons controlled dif-

ferent stages of preparation. For 6 of them, it was for active drug 

preparations requiring a resting time after reconstitution (INPN: 

Carfilzomib). For the 3 others (1 MSB0010718C and 2 

Nivolumab), the cause could be their time of preparation with 

the shift change (preparation between 11:15 and 12:15: 11:23, 

11:56, 12:06). If we consider the familiarity of the operator with 

the preparations performed, in 93.3% of cases the operator had 

already performed a preparation with the same procedure. In 

the 9 cases where this was not the case, the operator had been 

informed of the procedure in 5 cases (55.6%). In the case of the 

double-controllers, for 142 cases out of 143 (99.3%), they were 

familiar with the preparation or had been informed about the 
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procedure. This analysis shows us the deficiencies of this prep-

aration and control circuit. In order to secure and save time, up-

grades have to be implemented.   

The CDP "New Process" after the implementation of 
“Smart Prep”. 

The aim of the "New Process" is twofold: to improve the secu-

rity of the entire preparation circuit, including CDP, and to fa-

cilitate the implementation of AR glasses as a preparation and 

control tool.  

 

Figure 4: Information displayed on the AR glasses 

“Smart Prep” has been connected to CHIMIO® in order to se-

cure the manufacturing process by tracing each step and identi-

fying each element involved in the preparation (vials, active 

drugs, solvent ...) and to dematerialize the preparation sheets. 

The printed manufacturing sheet is substituted by a digital prep-

aration sheet displayed on the computer of each workstation. 

The paper edition is reduced to the printing of the only prepa-

ration label with a datamatrix corresponding to the prescription 

number which will allow to make the link between each step 

and to identify the content and the procedure of the preparation. 

Discussion 

The implementation of “Smart Prep” allows a gain in security. 

However, it requires a financial investment for the purchase of 

computer equipment (touch tablets for the preparation of bas-

kets, labelling machines, barcodes and datamatrix scanners, 

computer workstations on each workstation) and for the evolu-

tion of the CHIMIO® software. It also imposes a total "depend-

ence" on computer equipment and wifi, which may lead to a 

daily management of problems that may be encountered by the 

operator. “Smart Prep” was implemented and connected to 

CHIMIO® on July 22nd, 2020. As after every implementation, 

a learning phase is necessary. During this period, data collec-

tion cannot be performed to avoid introducing a bias in our data 

which would make the results unusable. It is preferable to col-

lect data at a distance from the beginning of the project, which 

explains why the data collection could not be integrated in this 

work. Nevertheless, the transition to this new version allows us 

to continue the development of the AR glasses in order to use 

them for the different injectable drugs preparations.  “Smart 

Prep” has been tested and validated by LUH. This solution also 

makes it possible to avoid double checking, especially if in the 

future this technology is associated with an expert alert system. 

The first tests have proved the efficiency of the different con-

cepts of the proposed solution. Instructions displayed on the 

glasses are easy to read and do not affect eyesight  even through 

an isolator, the integration of information (preparation protocol 

to be followed step by step). During the first tests, our solution 

made it possible to efficiently perform a preparation more 

quickly thanks to the step-by-step concept, the voice command, 

and the traceability of the key steps of the preparation by pho-

tos. AR glasses allow a secure CDP. They are also of high ma-

neuverability. In addition, they can be suitable for subcontract-

ing activities by allowing remote access to traceability data. 

With “Smart Prep” we switch from an in-process control to a 

post-process control (except for the control of the vials). Some 

of the preparation errors will no longer be detected during the 

preparation in the isolator but when the preparation is finished. 

This may entail a need for re-processing that could have been 

avoided. These reprocessings may lead to the increase of the 

waiting time for patients, and therefore to patient dissatisfaction 

and disorganization of the care service. “Smart Prep” can also 

be used as a control solution for all preparations outside chem-

otherapy context. In terms of securing the preparation circuit 

and more particularly the administration of chemotherapy by 

the registered nurse, currently the administration schedule is in 

printed form and the traceability of the administration is done 

manually in the hospital. Administration is done manually in 

the software. A greater level of security could be achieved by 

implementing an interconnected identification system. This 

system allows the computerized verification at the patient's bed, 

of the adequacy between the patient's identity (by an identifica-

tion bracelet given to the patient upon arrival) and the prepara-

tion administered (via the datamatrix present on the prepara-

tion's label) as well as the correspondence with the cycle and 

the day of administration within the preparation's validity pe-

riod. In addition, this system enables the administration of the 

preparation to be validated in real time at the patient's bed, in 

the CHIMIO® software [16, 17]. The ONCO SAFETY system 

[17] commercialized by BBraun goes further. It is an admin-

istration assistance software for chemotherapy which, after val-

idation of the patient's identity and the preparation, imports the 

administration protocol directly from the CHIMIO® software 

and programs the pumps (flow rate, administration time). In re-

turn, the pumps feed the CHIMIO® software with real time 

traceability. This replaces manual data entry and saves nursing 

time. 

Conclusions 

In this paper we highlighted the weaknesses of the current cir-

cuit for the preparation of injectable chemotherapy drugs, par-

ticularly concerning the DVC and its impact on the preparation 

environment. Our proposed solution consists in the implemen-

tation of the decision support system “Smart Prep”. This has 

made it possible to secure part of the CDP circuit, but its impact 

remains to be assessed. AR glasses are an innovative solution 

to facilitate the preparation and control of chemotherapy prep-

arations. It adapts easily to the preparation environment while 

securing the simplest to the most complex preparations. In our 

future work, in order to assess the impact of the implementation 

of “Smart Prep”, an analysis of the preparation circuit will be 

carried out. 
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