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Abstract 
Anticancer drug preparation by pharmacists is a critical task directly related 
to medical incidents. This study examined the factors influencing medical 
errors in chemotherapy, that is, errors by specialist pharmacists (CPh) and 
pharmacists in other departments (NCPh), by measuring their gaze during 
the preparation of anticancer drugs. The eye-tracking results showed that the 
gazing time of NCPh was significantly longer than that of CPh for items such 
as “preparation of a closed-system device” and “preparation of the syringe” 
and all preparation times (P < 0.05). The NCPh were not assigned to prepare 
drugs on a regular basis, indicating their lack of familiarity with the process. 
There was no significant difference in gaze ratio between CPh and NCPh. 
This outcome was suggested to be a result of the use of an anticancer drug 
preparation support system. The results for the pupil diameter variation rate 
showed that NCPh were significantly more mydriatic in the “mixing injec-
tions” category than CPh. However, CPh tended to be more mydriatic in the 
“checking” category. CPh exhibited a smooth workflow and focused on the 
important items to be checked. This study showed that the differences in 
procedure flow and concentration points may lead to errors. Furthermore, 
the results are of interest from the perspective of medical incident prevention. 
They will be useful in identifying potential human factors, such as where the 
pharmacist focuses their attention by measuring eye movements. 
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1. Purpose 

Since the 1990s, hospital pharmacist services have expanded from dispensing in 
pharmacies to drug information management and therapeutic drug monitoring. 
In addition, a pharmaceutical management fee has been initiated, and ward op-
erations have been established. Pharmacists have made significant contributions 
to the promotion of effective and safe drug treatment [1] [2]. The Japan Council 
for Quality Health Care, a neutral and scientific third-party organization, reports 
on the Project to Collect Medical Near-miss/Adverse Event Information 2021 
Annual Report. (https://www.med-safe.jp/pdf/year_report_2021.pdf, June 2023). 
This report collects the number of medical accidents and near-misses at 1575 
medical institutions. According to the report, approximately 33.9% of near-miss 
cases involved drugs, and this proportion was the highest. Thus, it indicates that 
drugs have a high potential to lead to serious accidents. Injections are adminis-
tered directly into the body and are expected to have a rapid onset of action. In-
correct administration of injections is directly linked to medical incidents. In 
particular, anticancer drugs are extremely toxic and have a high potential to 
cause serious medical incidents. Incidents in chemotherapy have been attributed 
to insufficient confirmation of “laboratory data of the patient” and “concentra-
tion and route of administration after drug dissolution” [3]. 

In recent years, continuous patient involvement by board-certified oncology 
pharmacy specialists and board-certified oncology pharmacists has been en-
couraged [1]. Yoshida et al. reported that pharmacists could provide prescrip-
tion support and medication guidance, including supportive care and treatment 
policies, in real time by attending doctor consultations and considering doctors’ 
intentions and patients’ wishes [4]. The adoption rate of prescription suggestion 
by long-term continuous intervention by specialist pharmacists in cancer phar-
macotherapy is as high as about 98%, and improvement of symptoms by the 
suggested drugs was reported in about 70% of patients [5]. The result that a pre-
scription suggestion adopted at a high rate has a certain effect on symptom im-
provement indicates the usefulness of pharmacological management by oncolo-
gy pharmacists and suggests the need for active prescription suggestions. 

Various measures have been implemented to ensure the efficacy and safety of 
chemotherapy. Tsuneki et al. established a system shared among multiple pro-
fessions that can be checked at the time of prescription, dispensing, and admin-
istration of chemotherapy, thereby contributing to accident prevention [6]. In 
recent years, the use of artificial intelligence (AI) has also progressed, and scho-
lars have assumed that the verification of drug matching and weighing through 
barcode authentication can ensure safety [7]. The use of barcode authentication 
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has been reported to reduce healthcare costs because it provides objective con-
firmation and allows the reuse of leftover fluids [8]. 

Our laboratory has been using eye trackers using in powdered medication 
dispensing, and medicine inspection by pharmacists to study factors affecting 
medical errors [9] [10] [11]. Eye tracking enables the visualization and mea-
surement of “what people are looking at,” and eye-tracking systems are widely 
used in ergonomics, psychology, and medicine (https://www.nacinc.jp/, October 
25, 2022). This system allows the detection of eye movement through infrared 
corneal reflex detection. In addition, changes in pupil diameter are caused by 
involuntary autonomic sphincter and pupillary dilator nerves within the iris. 
The pupillary sphincter, which runs in a circular pattern within the iris, is a pa-
rasympathetic nerve. Therefore, changes in pupil diameter cause the nerves to 
contract when the body is resting, resulting in pupil constriction. The pupillary 
dilator nerve runs radially within the iris and is a sympathetic nerve. Therefore, 
when the brain is active, such as when concentrating, the muscles contract, and 
mydriasis occurs [12] [13] [14]. 

In this study, we examined the work content of pharmacists’ anticancer drug 
preparation using eye-tracking technology to measure human eye movements 
and examined the factors associated with medical incidents. 

2. Method 
2.1. Subjects 

Four pharmacists who worked at Aichi Medical University Hospital and had 
experience in the chemotherapy room (experts) and four inexperienced phar-
macists (non-experts) were included in the study. The number of anticancer 
drugs prepared at the hospital was approximately 1400 per month.  

The frequency of non-exclusive anticancer drug preparations was approx-
imately 3 h once every 2 months. 

2.2. Measurement Method 

Eye tracking measured the process of checking prescriptions and regimens, pre-
paring for mixing, mixing, final check, and cleanup. 

The pharmacists used a fluorouracil injection simulator and an Epirubicin 
hydrochloride injection simulator attached to a training kit to prepare the anti-
cancer drugs (Japan Pharmaceutical Manufacturing Equipment Co., Ltd., Osa-
ka). Prescriptions, process documents, and other medicines were the same as 
those routinely used in hospitals. Pharmaceuticals attached to training kits for 
the preparation of anticancer drugs were illuminated with black light. After pre-
paring, the place of preparation, gloves, syringes, and vials was irradiated with 
black light. 

In addition, as with routine operations, closed connecting instruments 
(BDPhaSealTM; Becton-Dickinson Inc.) were used. We adopted an injection drug 
mixing and inspection system (AddDis; TOSHO Inc.). The gaze measurement 
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equipment used was EMR-8 (NAC Image Technology Inc.). Data on the trends 
of subjects’ eye movements, gaze time, pupil diameter, and field of vision images 
were collected and analyzed. The imaging records collected through EMR-8 
were analyzed using EMR-dTarget (NAC Image Technology Inc.). Figure 1 
showed an example of a gaze point. 

2.3. Gaze Point 

The desired gaze points within the entire work period were divided into 19 re-
gions. From the collected data, the gaze points during the inspection were indi-
vidually categorized. The gaze points used were as follows: “Prescription” and 
“Regimen” for the dosage plan; “Label,” “Anticancer drug,” “Other drugs,” “At-
tachment of the closed-system device,” “Preparation of the closed-system de-
vice,” “Preparation of the syringe,” “Scale of the syringe,” and “System” for the 
injection drug mixing and inspection system; “Display” for the display of the in-
jection drug mixing and inspection system; “Pedal” for the pedal of the injection 
drug mixing and inspection system; “Check (prescription)” for checking of pre-
scription before starting preparation; “Check (regimen)” for checking of regi-
men before starting preparation; “Check (anticancer drug)” for checking of the 
anticancer drug before starting preparation; “Check (other drugs)” for checking 
of other drugs before starting preparation; “Check (others)” for checking of oth-
er drugs before starting preparation; “Disinfection”; and “Others.” 

Gaze rate (%) was determined as the percentage of gaze time for each gaze 
point relative to the overall gaze time. 

2.4. Pupil Diameter 

The mean pupil diameter was computed for each gaze category. The categoriza-
tion consisted of [Prescription and process documents], [Display (display of the 
injection drug mixing and inspection system)], [Mixing], [Preparation check], 
and [Others]. 
 

 

Figure 1. The eye tracking video (▣ : gaze point). 
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The rate of variation of the pupil diameter was calculated as follows: 
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2.5. Statistical Analysis 

Differences in each parameter were statistically evaluated by the Mann-Whitney 
U test. All differences were considered significant when P < 0.01 or P < 0.05. 

2.6. Ethics Statements 

This study was approved by the Kinjo Gakuin University Ethical Review Board 
(No. H17015, January 31, 2018). 

3. Result 
3.1. Preparation Time 

Table 1 shows the pharmacist’s history and total mixing time. There was no dif-
ference in years of experience between the experts and non-experts. The prepa-
ration times of non-experts were significantly longer than those of experts (P < 
0.01). 

3.2. Gazing Time 

Figure 2 shows the results for gaze time. The gaze times for “Regimen,” “Label,” 
“Anticancer drug,” “Other drugs,” “Attachment of the closed-system device,” 
“Preparation of the closed-system device,” “Preparation of the syringe,” “Scale of 
the syringe,” “Display,” and “Disinfection” of non-experts were significantly 
longer than those of experts (P < 0.05). Moreover, for all items, the gaze times of 
non-experts were longer than those of experts. 

3.3. Gazing Rate 

Figure 3 shows the results for the gazing rate. There were no significant differ-
ences in gaze points between experts and non-experts. 

3.4. Changes in Pupil Diameter 

Figure 4 illustrates the results of the change in pupil diameter. The rates of 
change in pupil diameter for “Prescription and process documents” were −4.05% 
and −0.91% for experts and non-experts, respectively. The pupil diameters for  
 
Table 1. Preparation time. 

 expert non-expert 

Pharmacist’s history time (year) 12.8 ± 6.5 11.0 ± 6.9 

Total mixing time (second) 406.9 ± 112.4 1016.0 ± 301.8* 

Mean ± SD (n = 5), *P < 0.01. 
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Figure 2. The gaze time of expert and non-expert pharmacists (min). 
 

 

Figure 3. Gaze rateof expert and non-expert pharmacists (%). 
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Figure 4. The rate of change in pupil diameter of expert and non-expert pharmacists (%). 
 
“Display” were larger for non-experts (−0.25%) than for experts (−1.65%). The 
pupil diameter for “Mixing” of non-experts (1.02%) was significantly greater 
than that of non-experts (−3.34%) (P < 0.05). The pupil diameters for the “Prep-
aration check” were larger in experts (2.27%) than in non-experts (0.25%). 

3.5. Drug Dispersal Condition 

After preparing anticancer drug mimics, dispersal conditions due to ultraviolet 
(UV) irradiation were checked. There was no dispersion in this study. 

4. Consideration 

Dosage errors and wrong dosing intervals in chemotherapy lead to adverse 
events. Medical error prevention measures for anticancer drug preparations are 
essential for pharmacists. In this study, gaze measurement of anticancer drug 
preparation was performed. Anticancer drug preparation techniques of expert 
and non-expert pharmacists were compared, and human error countermeasures 
were examined. 

The results of gazing time showed that the total preparation time was ap-
proximately 2.5 times longer for non-experts than for experts, with non-experts 
having longer preparation times for all items. In particular, the preparation time 
of non-experts in terms of “Anticancer drug,” “Attachment of the closed-system 
device,” “Preparation of the closed-system device,” “Preparation of the syringe,” 
“Scale of the syringe,” “Display,” and “Disinfection” was significantly longer 
than that of experts. This finding indicates inexperience and reflects the unfami-
liarity of non-experts with mixing. Some non-experts were unaware of the 
amount of lyophilized drug-dissolving solution or the capacity of the syringe to 
be used and were observed to divert their attention from the workbench and 
check with other pharmacists. On the other hand, the experts performed each 
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task in detail, such as taking the syringe out of the encasement, attaching and 
detaching the closed connection device, and collecting the medicinal solution 
appropriately, reducing the preparation time. In a previous study comparing 
veteran experts and newcomers in dispensing, inconsistent dispensing arrange-
ments among new pharmacists possibly induced human errors [10]. In this 
study, some situations, such as when non-experts did not comprehend the 
workflow, could have led to medical errors. 

The gaze rate results showed no significant differences between experts and 
non-experts. Okayasu et al. reported that the injection drug mixing and inspec-
tion system prevented weighing errors and enabled accurate preparation by in-
experienced personnel by displaying the necessary information [15]. Introducing 
the injection drug mixing and inspection system helped non-experts perform the 
same preparations as experts, suggesting that the system is a measure to prevent 
medical errors. 

The rate of change in pupil diameter showed a significant difference in mix-
ing, which included “removing the outer bag of the syringe,” “attaching the 
needle to the syringe,” “Attachment of the closed-system device,” and “removing 
the medicinal solution.” The rate of change in pupil diameter in experts de-
creased from the average because they were aware of the next operation, often 
checked the display of the injection drug mixing and inspection system, or only 
moved their eyes ahead of them. On the other hand, non-expert mydriasis re-
flected tension and concentration. 

A video of non-experts showed cases in which they were interrupted during 
preparation. Reports have revealed that interruptions can lead to dispensing er-
rors [16] caused by shifting the gaze to a distant area. 

In verifying the drug dispersal situation, there was no dispersal due to UV ir-
radiation in all cases, including in preliminary experiments. This finding was 
clearly due to the use of the closed-system BD PhasealTM device. Consistent with 
previous studies [17] [18], the use of BD PhasealTM contributed to preventing 
exposure to anticancer drugs during drug preparation.  

For the safe implementation of chemotherapy, a third party other than the 
doctor planning the treatment must examine and confirm the plan. Therefore, 
clarifying protocols and establishing a system to check them will lead to safety 
measures [19]. Studies on dispensing errors have shown that “impatience,” ra-
ther than “insufficient knowledge” or “inexperience,” is the most common cause 
of dispensing errors during preparation [20]. Therefore, errors are more likely to 
be influenced by psychological and emotional factors than physical factors. This 
study revealed that injection drug mixing and inspection systems prevent dis-
pensing errors. On the other hand, differences in procedure flow and concentra-
tion points may lead to errors. Therefore, the results were considered a step to-
ward preventing dispensing errors. However, this study was conducted at a sin-
gle target facility, and the injection drug mixing and inspection system was in 
place. In the future, it will be necessary to conduct this study in facilities that do 
not have the injection drug mixing and inspection system in place. In the future, 

https://doi.org/10.4236/pp.2023.148017


Y. Miyachi et al. 
 

 

DOI: 10.4236/pp.2023.148017 237 Pharmacology & Pharmacy 
 

while utilizing AI devices, safety measures must be established to prevent “impa-
tience,” which may occur in cases of concern. 
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