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Abstract: Objective: This study was designed to evaluate the effect of application of novel automated anesthesia 
cart upon the efficacy and quality of medication management in the largest tertiary referral hospital in China. 
Methods: A total of 60 anesthesiologists were required to alternately locate the items during two independent simu-
lated anesthesia scenarios using either a traditional cart (control; Cart 1) or an automated anesthesia cart (A-med; 
Cart 2). Trial completion time, auditing time and questionnaire response were recorded and statistically compared 
between two groups. Results: By using an automated anesthesia cart, the trial completion time and auditing time 
were considerably shortened compared to that of application of a conventional anesthesia cart (both P<0.001). The 
questionnaire results demonstrated that the performance of the automated anesthesia cart was significantly better 
than that of the traditional anesthesia cart (P<0.001). Conclusion: Application of novel automated anesthesia cart 
could significantly improve the efficacy and quality of medication management in the largest tertiary referral hos-
pital in China. The performance of this automated anesthesia cart is widely accepted by clinical anesthesiologists.
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Introduction

The management of medications in the opera-
tion room is a complex task which integrates 
diverse functions and roles of the anesthesiolo-
gists. Anesthesiologists are mainly responsible 
for maintaining the storage and safety of multi-
ple types of medications during the time of sur-
gery and preoperative anesthesia. Convenient 
availability to vital medication and operation 
efficiency has been considered as the main 
tasks of the anesthesiologists. However, the 
charge procedures of the medications are con-
stantly time-consuming and have a high risk  
of errors. It is highly necessary to standardize 
the workflow of the charge process to enhance 
the simplicity, convenience and accuracy in ter-
tiary hospitals. 

In a majority of developing countries, for ins- 
tance, in China, the management and charge 
procedures of the surgery medications are still 
being handled and processed in the traditional 
manual methods. Anesthesiologists have to 

search and identify the required medications  
in an artificial manner from a traditional medi-
cation cart, and then verify the category and 
quantity and write them down on paper for the 
accounting staff. These procedures are extre- 
mely time-consuming, inaccurate and distrac-
tive. Moreover, the handwritten records are 
constantly misunderstood by the pharmacists 
who probably generate accounting errors. 

Due to the widespread of information technol-
ogy in high-level hospitals in China, the man-
agement of anesthesia medications is being 
altered and modernized in terms of both effica-
cy and quality using the automated anesthesia 
carts. The new-generation automated anesthe-
sia cart consists of intelligent computer system 
and intelligent management carts which mainly 
function to store the anesthesia medicines. The 
anesthesiologists can open the drawer, obtain 
the storage of medications and record the med-
ication information by simply using the intelli-
gent computer system equipped with the cart, 
which is mainly supported by the system server 
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and the runtime system. In the United States 
and Canada, the novel automated anesthesia 
cart has been successfully applied in large  
hospitals the efficacy and quality of medicine 
management [xxx]. However, it has not been 
attempted in the tertiary hospitals in China.

The novel automated anesthesia carts were 
applied in the operation room of the First 
Affiliated Hospital of Zhengzhou University, 
which is currently the largest tertiary hospital in 
China, aiming to strengthen the medication 
management and mitigate the workload of 
anesthesiologists during surgery. The effect of 
this automated anesthesia cart upon the effi-
cacy and quality of medicine management is 
evaluated in this investigation. 

Materials and methods

Study design

A randomized, controlled, crossover trial was 
carried out. Two simulated anesthesia scenari-
os were established, in which the anesthesiolo-
gists were required to search and identify the 
medicines, charge and audit with the pharma-
cists. In the first scenario, the anesthesiolo-
gists were assigned to identify the medicines 
by using a traditional and an automated anes-
thesia cart (DIH Technology Company, China), 
respectively. In the second scenario, the anes-
thesiologists were switched to the other anes-
thesia cart. 

Study subject

Sixty anesthesiologists were recruited in this 
investigation, which was conducted at the First 
Affiliated Hospital of Zhengzhou University. The 
study procedures were approved by the ethics 
committee of the First Affiliated Hospital of 
Zhengzhou University. Written informed con-
sents were obtained from all participants prior 
to this study.  

Illustration of anesthesia carts

Traditional anesthesia cart: Traditional anes-
thesia cart was used for medicine storage 
except narcotic drugs in the operating room of 
the First Affiliated Hospital of Zhengzhou 
University (Figure 1A). In the morning daily, the 
anesthesiologists had to collect the keys of 
each anesthesia cart from the pharmacists 
who worked in the satellite pharmacy of operat-
ing area and excluded the restricted substanc-
es. Subsequently, the anesthesiologists were 
responsible for selecting the medicines for 
anesthesia from the carts, recording the cate-
gory and quantity of medicines on a note in- 
traoperatively, as illustrated in Figure 1B. 
Postoperatively, the pharmacists had to audit 
the handwritten note to verify the accuracy.

Automated anesthesia cart: The automated 
anesthesia carts were equipped with intelligent 
computer system, which could display the med-
ications stored in the trolley drawers on the 
electronic screen. Each type of medicine was 

Figure 1. Picture of traditional cart (A) and handwritten account note (B).
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stored in a separate box with a transparent 
cover. The automated anesthesia carts shared 

automated anesthesia cart during the second 
simulated scenario.

Figure 2. Picture of automated anesthesia cart.

Figure 3. The 3-point Likert-type scale questionnaire used in this study.

Table 1. Comparison of medicine use and dosage between two 
scenarios
No. Scenario 1 No. Scenario 2
1 Propofol (20 ml:200 mg) 1 Dexamethasone (1 ml:5 mg)
2 Lidocaine (5 ml:100 mg) 2 Adrenaline (1 ml:1 mg)
3 Midazolam (2 ml:10 mg) 3 Atropine (1 ml:0.5 mg)
4 Atropine (1 ml:0.5 mg) 4 Midazolam (2 ml:10 mg)
5 Etomidate (10 ml:20 mg) 5 Dopamine (2 ml:20 mg)
6 Phenylephrine (1 ml:10 mg) 6 Neostigmine (2 ml:1 mg)
7 Neostigmine (2 ml:1 mg) 7 Propofol (20 ml:200 mg)
8 Adrenaline (1 ml:1 mg) 8 Phenylephrine (1 ml:10 mg)
9 Dopamine (2 ml:20 mg) 9 Lidocaine (5 ml:100 mg)
10 Dexamethasone (1 ml:5 mg) 10 Etomidate (10 ml:20 mg)

the similar structure and lay-
out with the traditional carts, 
which could be easily familiar-
ized by the anesthesiologists. 
In addition, each medicine 
was stored in separate and 
marked with explicit labels, as 
shown in Figure 2. Finally, the 
medicine record can be auto-
matically compiled on the 
electronic screen simultane-
ously and printed on the note 
at the end of the anesthesia 
procedures.  

Likert-type scale questionna- 
ire: Likert-type scale question-
naire was chosen and com-
pleted by the 60 anesthesiol-
ogists during two scenarios. A 
3-point Likert-type scale, con-
sisting of content, usability 
and organization, was used  
to evaluate the performance 
of the automated anesthesia 
cart (Figure 3). Eventually, the 
questionnaire responses were 
obtained from all anesthe- 
siologists. 

Study design: Prior to the 
study, each anesthesiologist 
received training courses by 
the technicians from DIH 
Technology Company to famil-
iarize the use and operation 
of the automated anesthesia 
cart. Traditional and automat-
ed anesthesia carts were 
applied in two different simu-
lated anesthesia scenarios, 
respectively. The simulated 
scenarios were timed and ran-
domly ordered (Table 1), and 
the 10 common anesthesia 
medicines were chosen for 
two scenarios. Half of the 
anesthesiologists utilized the 
traditional anesthesia cart in 
the first scenario by using a 
random number generator, 
and they were switched to the 
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Study procedures: In the first scenario, the 
anesthesiologists were required to review the 
medicine list prior to the study. Then, the time 
of selecting the 10 medicines and the time of 
accounting were recorded. Five-minute break 
was given to the anesthesiologists between the 
first and second scenarios. During the 5-min-
ute break, the anesthesiologists should com-
plete the 3-point Likert-type scale question-
naire (Figure 3) to express their evaluation 
upon the medicine cart performance. After the 
break, the second scenario was initiated, iden-
tical to the first scenario except the design of 
the medicine cart. Likert-type scale question-
naire was completed after the second scenario. 
Finally, the anesthesiologists should answer 
the question of “Which medication cart would 
you prefer to use in anesthesia and please 
deliver your suggestions”. At the end of each 
scenario, the pharmacists audited the accounts 
with the medications and the auditing time was 
equally recorded. Subsequently, all parameters 
were statistically compared between two 
groups.

Statistical analysis

SPSS statistical software was utilized for data 
analysis. Multiple parameters were statistically 

analyzed and compared by using the repeat- 
ed measures analysis of variance (ANOVA), the 
paired-sample Wilcoxon signed rank test, and 
McNemar’s chi-square test. A P value of less 
than 0.05 was considered as statistical 
significance.

Results

Completion time

In the automated anesthesia cart group, the 
anesthesiologists completed the first scenario 
with a mean time of (59.2±3.1) s, significantly 
faster compared with (68.9±2.5) s in the tradi-
tional anesthesia cart group (P<0.001). In the 
second scenario, the completion time in the 
automated anesthesia cart group was (62.5± 
6.1) s, considerably less than (65.6±4.7) s in 
the traditional anesthesia cart group (P<0.001). 
ANOVA test demonstrated a potential medicine 
learning curve from the first to the second sce-
narios for the anesthesiologists, suggesting 
that the anesthesiologists could complete the 
second scenario (56.9±2.3) s using the auto-
mated anesthesia cart faster compared with 
the first scenario (61.5±1.8) s (P<0.001). The 
anesthesiologists can master the operation of 
automated anesthesia cart and accurately 
select the 10 medicines significantly 4.4 s fast-

Figure 4. Likert-type scale questionnaire 
responses for Questions 1 (A), 2 (B), 3 (C).
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er compared with their counterparts using the 
traditional anesthesia cart.

Auditing time

The mean auditing time in the automated anes-
thesia cart group was (31.9±3.1) s, significant-
ly less compared with (39.4±1.0) s in the tradi-
tional anesthesia cart group (P<0.001). 

Likert-type scale responses

The 3-point Likert-type scale questionnaire 
was completed by the anesthesiologists follow-
ing each round of scenario, as illustrated in 
Figure 4. The grading scores of three questions 
related to the visibility, usability and of the 
automated anesthesia cart were all significant-
ly higher compared with those of the traditional 
anesthesia cart (all P<0.001). 

Evaluation on cart performance

After completing two scenarios, 95% (57/60) of 
the anesthesiologists preferred to utilize the 
automated anesthesia cart, significantly higher 
compared with 5% (3/60) who chose to use the 
traditional anesthesia cart in clinical practice 
(P<0.001). Meantime, a majority of anesthesi-
ologists expressed to receive operation train-
ing for automated anesthesia cart and handle 
the emergency situation of power shortage. 

Discussion

The First Affiliated Hospital of Zhengzhou 
University, as a licensed tertiary referral hospi-
tal, is the largest hospital in China with a total 
of 8000-licensed beds [1], 99 surgical suites 
and 152 anesthesiologists. Over 500 opera-
tions are being performed daily, up to 100000 
surgical cases each yearly. The conventional 
management mode cannot fulfill the expansion 
of the surgeries. Thus, a new-generation medi-
cine management is urgently required to 
enhance both the efficacy and quality of medi-
cine management. 

Appropriate medication use is a key ring thro- 
ughout the surgical procedures. How to en- 
hance the workflow of medicine management 
has become a top priority. In this study, 60 
anesthesiologists were instructed to utilize the 
automated anesthesia carts for the first time. 
Almost all anesthesiologists recommended  
the application of automated anesthesia cart 

in our hospital. First, the anesthesiologists  
can complete the task significantly faster by 
using the automated anesthesia cart, mainly 
due to automated medicine charge, easily-rec-
ognizable electronic records and shorter audit-
ing time. In addition, application of the auto-
mated anesthesia cart considerably reduces 
the workload of both the anesthesiologists and 
pharmacists, especially in the circumstances 
of a large quantity of prescribed medicines. 

During emergency situations, the electronic 
records will be more explicit and accurate than 
the manual notes. In addition, application of 
the automated anesthesia cart dramatically 
shortens the retrieval time, which is supported 
by the findings in this investigation. Through 
technician instructions prior to use, the anes-
thesiologists can master the operation of auto-
mated anesthesia cart and accurately select 
the 10 medicines significantly faster compared 
with their counterparts using the traditional 
anesthesia cart, indicating that if the anesthe-
siologists are familiar with the operation of the 
automated anesthesia cart, they will complete 
the task significantly faster. The time saved by 
automated anesthesia cart is of significance 
especially for patients with cardiac or respira-
tory arrest during emergency settings [2]. 

The medicine visibility is the main limitation of 
the traditional anesthesia cart. When one of 
the drawers is opened, it is extremely to rapidly 
distinguish the medicine you need in a short 
time, which is not clearly labeled. Multiple mod-
ifications have been made in the automated 
anesthesia cart in which independent boxes 
with transparent covers are supplemented to 
store various medicines. More importantly, the 
covers of each box are marked with labels of 
different colors. The main task of the anesthe-
siologists is to ensure the accuracy and safety 
of medicines and any slight error during medi-
cine management procedures should be cau-
tiously avoided [3]. Several interventions have 
been delivered to promote safe administration 
of medications to patients in many countries. 
The legible drug labels are the emphasis of 
both ampoules and syringe management [4, 5]. 
By using the automated anesthesia cart, the 
colorful labels allow for the anesthesiologists 
to identify the medicines rapidly and accurate-
ly, which is one of the cues used to select 
ampoules [6], especially for the Chinese anes-
thesiologists who have to select the medicines 
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with undistinguishable labels with a shortage  
of prefilled syringes (Figure 5). Moreover, the 
medicines kept in each drawer can be explicitly 
displayed on the electronic screen, which 
assists the anesthesiologists to identify the 
required medicines rapidly and accurately. 

The better performance of the automated 
anesthesia cart is subsequently validated by 
the questionnaire response given by the anes-
thesiologists, who deliver higher rating scores 
for the automated anesthesia cart during two 
rounds of scenario tests. In addition, the struc-
ture and layout of the automated anesthesia 
cart is almost identical to the traditional anes-
thesia cart, which is easily accepted by the 
anesthesiologists. The answers of Question 1 
and 2 indicate that the anesthesiologists rec-
ommend the application of the automated 
anesthesia cart compared with traditional 

anesthesia cart. The response of Question 3 
suggests that the anesthesiologists consider 
the contents of automated anesthesia cart are 
organized. Meantime, the anesthesiologists 
also emphasize the importance of training 
courses prior to application of the automated 
anesthesia cart because wrong operation is 
likely to induce apparent errors. Previous stud-
ies also indicate that use of automated dis-
pensing cabinet could improve the efficiency  
of drug administration in hospitals [7-13]. Ne- 
vertheless, in event of power outage, tradition-
al anesthesia cart should be prepared in the 
operation room to replace the function of the 
automated anesthesia cart. 

Next, the automated anesthesia cart will be 
applied in 60 surgical suites of the First 
Affiliated Hospital of Zhengzhou University 
except the cardiovascular and organ transplant 
operations. Meantime, the traditional anesthe-
sia cart will be prepared in case of emergency. 
In the upcoming investigations, we will re-eval-
uate the performance of the automated anes-
thesia cart when it is applied in a wider array  
of scenarios. Moreover, the suggestions and 
advice will be collected from more anesthe- 
siologists and pharmacists, aiming to enhance 
the efficacy and quality of medicine administra-
tion and management in clinical settings. 

Conclusion

Taken together, application of automated anes-
thesia cart can enhance the efficiency and 
replace the handwritten accounts with elec-
tronic recording in the largest tertiary hospital 
in China. Likert-type scale questionnaire reveals 
that automated anesthesia cart with explicit 
labels is widely accepted by the anesthesiolo-
gists, which complies with international stan-
dards, which deserves wider application to 
more hospitals of different levels in developing 
countries, such as China.  
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Figure 5. Picture of certain types of medicines with 
labels that are difficult to distinguish. From left to 
right in the 1st line: prostigmine methylsulfate, furose-
mide, isoprenaline hydrochloride, hydrochloric acid 
dopamine,chlorination succinic acid and droperidol. 
From left to right in the 2nd line: noradrenaline bi-
tartrate, hydrochloric acid deoxidation epinephrine, 
adrenalin hydrochloride, methoxamine hydrochlo-
ride, nitroglycerin, atropine sulfate, dexamethasone 
sodium phosphate and metoclopramide.
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