
1Wang Y, et al. BMJ Open 2022;12:e049695. doi:10.1136/bmjopen-2021-049695

Open access 

Evaluation of medication risk at the 
transition of care: a cross- sectional study 
of patients from the ICU to the non- 
ICU setting

Yao Wang,1,2 Xueting Zhang,1,2 Xu Hu,1,2 Xuqun Sun,3 Yuanyuan Wang,4 
Kaiyu Huang,1,2 Sijia Sun,1,2 Xiongwen Lv,1,2 Xuefeng Xie    1,2

To cite: Wang Y, Zhang X, Hu X, 
et al.  Evaluation of medication 
risk at the transition of care: 
a cross- sectional study of 
patients from the ICU to the 
non- ICU setting. BMJ Open 
2022;12:e049695. doi:10.1136/
bmjopen-2021-049695

 ► Prepublication history for 
this paper is available online. 
To view these files, please visit 
the journal online (http://dx.doi. 
org/10.1136/bmjopen-2021- 
049695).

YW and XZ contributed equally.

Received 03 February 2021
Accepted 25 March 2022

1School of Pharmacy, Anhui 
Medical University, Hefei, Anhui, 
China
2Inflammation and Immune 
Mediated Diseases Laboratory 
of Anhui Province, Anhui Medical 
University, Hefei, Anhui, China
3Department of Pharmacy, First 
Affiliated Hospital of Anhui 
Medical University, Hefei, Anhui, 
China
4Department of Pharmacy, 
Second Affiliated Hospital of 
Anhui Medical University, Hefei, 
Anhui, China

Correspondence to
Dr Xuefeng Xie;  
 xiexuefeng@ ahmu. edu. cn

Original research

© Author(s) (or their 
employer(s)) 2022. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objectives To describe the incidence and types of 
medication errors occurring during the transfer of patients 
from the intensive care unit (ICU) to the non- ICU setting 
and explore the key factors affecting medication safety in 
transfer care.
Design Multicentre, retrospective, epidemiological study.
Participants Patients transferred from the ICU to a non- 
ICU setting between 1 July 2019 and 30 June 2020.
Main outcome measures Incidence and types of 
medication errors.
Results Of the 1546 patients transferred during the study 
period, 899 (58.15%) had at least one medication error. 
Most errors (83.00%) were National Coordinating Council 
(NCC) for Medication Error Reporting and Prevention 
(MERP) category C. A small number of errors (17.00%) 
were category D. Among patients with medication errors, 
there was an average of 1.68 (SD, 0.90; range, 1–5) 
errors per patient. The most common types of errors 
were route of administration 570 (37.85%), dosage 271 
(17.99%) and frequency 139 (9.23%). Eighty- three per 
cent of medication errors reached patients but did not 
cause harm. Daytime ICU transfer (07:00–14:59) and an 
admission diagnosis of severe kidney disease were found 
to be factors associated with the occurrence of medication 
errors as compared with the reference category (OR, 1.40; 
95% CI 1.01 to 1.95; OR, 6.78; 95% CI 1.46 to 31.60, 
respectively).Orders for bronchorespiratory (OR, 5.92; 
95% CI 4.2 to 8.32), cardiovascular (OR, 1.91; 95% CI 1.34 
to 2.73), hepatic (OR, 1.95; 95% CI 1.30 to 2.91), endocrine 
(OR, 1.99; 95% CI 1.37 to 2.91), haematologic (OR, 2.58; 
95% CI 1.84 to 3.64), anti- inflammatory/pain (OR, 2.80; 
95% CI 1.90 to 4.12) and vitamin (OR, 1.73; 95% CI 1.26 
to 2.37) medications at transition of care were associated 
with an increased odds of medication error.
Conclusions More than half of ICU patients experienced 
medication errors during the transition of care. The vast 
majority of medication errors reached the patient but did 
not cause harm.

INTRODUCTION
Transfer, or handoff, is not only a critical 
step in a patient’s healing process but also 
a risk exchange point that often leads to 
unnecessarily high rates of health services 

use and healthcare spending.1 Medication 
error is defined as an error occurring in any 
preventable event that may cause or lead 
to inappropriate medication use or patient 
harm while the medication is in the control 
of the healthcare professional, patient or 
consumer.2 Unfortunately, medication errors 
are common in care transfers, according to 
previous research.3 4 A statistical review of 
regulatory errors received by the United 
States Pharmacopeia found that 66% of medi-
cation errors occurred when patients were 
transferred to another level of care, such 
as hospitals to nursing homes and geriatric 
centres or from the intensive care unit (ICU) 
to the general ward. Of them, the causes of 
adverse drug events were mostly improper 
dose or quantity, followed by omission errors 
and prescription errors.5 Prior studies have 
found that medication errors affect the 
safety and efficacy of medications in patients, 
resulting in potential treatment hazards and 
even prolonging the treatment time and 
increasing the cost of treatment.6 7 Medica-
tion errors are a major factor impacting medi-
cation risk in the transfer of care.8

Strengths and limitations of this study

 ► Cross- sectional studies can describe the risk of 
medication for intensive care unit referrals in a short 
period of time.

 ► The large sample size ensures sufficient statistical 
power to account for the importance of the research 
question.

 ► All three sample sites are teaching hospitals.
 ► With only three sample points, the statistical impact 
of institutional information on the research question 
cannot be described.

 ► The heterogeneity of the results may be due to a 
variety of factors.
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The ICU is a dynamic and error- prone medical environ-
ment that presents particular challenges with regards to 
medication errors.8 An epidemiological study of adverse 
drug events occurring during transfer from the ICU to 
the non- ICU setting by Tully showed that nearly half of 
patients experienced medication errors, and the most 
common type of error was continuation of medication.9 
There are many reasons why medication errors occur 
frequently in ICU patients during the transfer of care. 
First, ICU patients are sicker, have more comorbidities 
and require extensive and complex medical treatment. 
Because their bodies have a lower tolerance for errors, 
they may be at greater risk of iatrogenic injury.8–10 Second, 
due to the different treatment environments in different 
departments during transfer, patients admitted to the 
ICU may discontinue the use of previously taken chronic 
medications such as antihypertensive drugs and hypogly-
caemic drugs and may forget to restart these medications 
when they move to a non- ICU setting. Meanwhile, short- 
term medications that begin in the ICU, such as antipsy-
chotics or narcotics, may continue to be used after leaving 
the ICU or discharge.10 11 Finally, the medications used 
in the ICU are generally potent, diverse and numerous, 
involving precise doses, drug interactions and frequent 
infusions. Errors involving drug order, route of adminis-
tration, dose change and frequency of administration are 
likely to occur during the patient transfer process.8 12 13

When patients are transferred from intensive care to less 
monitored environments, adverse drug events are likely 
to occur in patients due to discontinuity in medical staff 
and reduced vigilance for patients.14 In general, a particu-
larly high- risk time for medication errors is when patients 
transfer from the ICU to the non- ICU setting. Moreover, 
ICU patients differ from other patients in that even mild 
adverse events during transfer can lead to complications, 
readmission, severe disability and increased mortality.13 15

Different drug policies and clinical referral patterns in 
different regions have different significant effects on the 
occurrence of drug risks. For example, Meyer- Massetti 
studied drug- related issues when patients were trans-
ferred from the hospital to another care facility,16 and Lee 
described common differences in drug use during intra-
hospital transfers.17 An increasing number of countries 
and researchers are paying attention to medication risk 
during transfer of care, but there are few investigations in 
China, especially given the lack of research and analysis in 
the field of intensive care. The purpose of this study was 
to describe the incidence and types of medication errors 
occurring during patient transfer from ICU to non- ICU 
locations and to explore the key factors associated with 
the occurrence of medication errors.

METHODS
Study design and site Selection
This was a 1- year, multicentre, retrospective, non- 
intervention epidemiological study. The study site was 
comprised of three large comprehensive teaching 

hospitals in Anhui Province. Anhui Province is located in 
southeastern China, with a population of approximately 
61 million. In this study, we selected three large general 
hospitals that rank at the top in Anhui Province, each of 
which has an annual average of approximately 5 million 
patients, approximately 226 700 patients discharged 
annually, and approximately 140 000 surgeries annually. 
Prior to the start, all participating sites were approved by 
the bioethics review committee, and the first Affiliated 
Hospital of Anhui Medical University was used as the 
coordinating site. All participants were required to attend 
a meeting to determine uniform data collection tables 
and the definition of study variables to reduce errors 
among investigators.

All data were collected during the same study period at 
all approved medical facilities. The collected patient case 
data were reviewed by a professional clinical pharmacist. 
Prior to the review, all clinical pharmacists were required 
to discuss and determine a unified standard based on 
the prescription review criteria (such as requiring that 
drug instructions, drug- related guidelines, drug compati-
bility contraindication tables and clinical medications be 
known; official information published by adverse drug 
reaction monitoring centres and pharmacovigilance 
websites; and documents issued by some countries such 
as prescription regulations and antibacterial drug regula-
tions) to reduce heterogeneity.

Patient Selection
By evaluating the data collected from the previous ques-
tionnaire, we included patients who were transferred from 
the ICU to the non- ICU setting at the same site between 
1 July 2019 and 30 June 2020. If the patient had more 
than one transfer during the study, only that patient’s first 
transfer was included. Patients or members of the public 
were not involved in the design of this study.

Data Collection
Medical records were collected by two investigators, 
including patient transfer records, electronic health 
records, home medication lists and written transfers 
between medical personnel. On the one hand, infor-
mation including patient demographic characteristics, 
comorbid conditions and use of medications (generic 
name, number, dose, frequency, administration) was 
extracted from the medical records. On the other hand, 
we collected correlative information related to the 
transfer process at medical institutions, such as ICU char-
acteristics, transfer time and medical staff configuration. 
All problems that arose with statistical data were resolved 
by consensus of the investigators.

Analysis of the characteristics of medication errors
First, a clinical pharmacist commented on the medica-
tion list and medical records of the patients before and 
after transfer, evaluated whether there were adverse drug 
events and calculated the incidence of medication errors. 
Medications prior to transfer were defined as the last 
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effective medication order placed before the next phase 
of treatment, and post- transfer medications were defined 
as the first effective medication order placed in the next 
phase of treatment. The time considered was 24 hours 
before and after the transfer. Medications discontinued 
prior to admission and extending beyond this defined 
time period were not evaluated. The reason we chose to 
evaluate medication information 24 hours before and 
after transfer was that a previous investigation found that 
patients’ medication information would be completely 
updated within a period of time after transfer. Moreover, 
24 hours is reasonable for the assessment of chronic drug 
omission or medication continuation in the ICU.

If any of the following occurred, a medication error 
was recorded: (1) wrong prescription: inappropriate 
medication chosen (based on indications, contraindi-
cations, known allergic reactions, existing medications, 
medication interactions, repeat administration and 
other factors); improper dose, dosage form, frequency, 
quantity or course of treatment; (2) administration and 
monitoring: technical error in administration (such as 
wrong route of administration, incorrect speed of admin-
istration, inappropriate solvent), inappropriate time or 
opportunity of administration, incorrect order of admin-
istration, medication omitted on transfer; (3) other (as 
decided by pharmacist’s judgement based on the clinical 
situation).

Then, the types of medication errors and the severity 
of medication errors were assessed according to the 
prescription data. We recorded the errors as ‘A’ through 
‘I’ on the basis of the National Coordinating Council 
(NCC) for Medication Error Reporting and Prevention 
(MERP) Index for Categorising Medication Errors.18

Table 1 Basic information characteristics of ICU patients 
with transfer

Patient characteristics n=1546

Age, n (%)

  Under 35 years 174 (11.25)

  35–44 years 112 (7.24)

  45–54 years 255 (16.49)

  55–64 years 251 (16.23)

  65–74 years 380 (24.58)

  75–84 years 274 (17.72)

  ≥85 years 100 (6.47)

Sex, n (%)

  Male 944 (61.06)

  female 602 (38.94)

Admitting ICU, n (%)

  Mixed 574 (37.13)

  Emergency 323 (20.89)

  Respiratory 333 (21.54)

  Neurosciences/neurosurgical 187 (12.10)

  Obstetrics/gynecolog 129 (8.34)

Admission diagnosis, n (%)

  Severe liver disease 16 (1.03)

  Respiratory 190 (12.29)

  Lithiasis 29 (1.87)

  Pregnancy 68 (4.40)

  Burn 19 (1.23)

  Neurosurgery 165 (10.67)

  Severe kidney disease 23 (1.49)

  Trauma 92 (5.95)

  Gastrointestinal surgery 45 (2.91)

  Cardiac 157 (10.15)

  Transplant surgery 25 (1.62)

  Cancer 488 (31.56)

  Drug poisoning 118 (7.63)

  Other 111 (7.18)

Comorbidities, n (%) n=1740

  Chronic kidney disease 120 (6.90)

  Anaemia 74 (4.25)

  Chronic pulmonary disease 245 (14.08)

  Heart failure 155 (8.91)

  Chronic hepatopathy 106 (6.09)

  Diabetes 185 (10.63)

  Thyropathy 24 (1.38)

  Cancer 85 (4.88)

  Hypertension 415 (23.85)

  Psychiatric illness 50 (2.87)

  Neurologic disease 102 (5.86)

Continued

Patient characteristics n=1546

  Inflammatory disease 64 (3.68)

  Lithiasis 37 (2.13)

  Hyperlipaemia 78 (4.48)

ICU, intensive care unit.

Table 1 Continued

Figure 1 The frequency distribution of errors per patient 
among patients with at least one error at the time of transition 
out of the intensive care unit (ICU).
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Statistical analysis
The primary outcomes were the incidence of medication 
errors during ICU transfer at the same institution and 
the type and severity of adverse drug events. The factors 
related to medication errors in patients transferred to the 
ICU were also discussed. Descriptive statistical methods 
were used to analyse the incidence and characteristics of 
medication errors. A bivariate analysis was conducted to 
compare related factors (eg, medication, patient char-
acteristic, institution information) between patients 
with medication errors found during transfer of care 
and patients without medication errors. The two- sample 
t- test was used for continuous normally distributed vari-
ables, the Mann- Whitney U test was used for continuous 
nonnormally distributed variables, and the χ2 or Fisher’s 
exact test was used for categorical variables.

Variables with a p value less than 0.05 in the bivariate 
analysis were included in the multivariate logistic regres-
sion analysis to identify the factors related to medication 
errors. All data were analysed with SPSS V.17.0 Statistics.

Patient and public involvement
Patients or members of the public were not involved in 
the design of this study.

OUTCOMES
Demographics
A total of 1546 patients were included from three tertiary 
hospitals in Anhui Province (sample point 1=599; sample 
point 2=524; sample point 3=423). Table 1 shows basic 
patient information, including age, sex, ICU category, 
admission diagnosis, and complications. All ICUs had 
formal policies or guidelines for the transfer of care. 
There was only one ICU- dedicated clinical pharmacist 
at sample points 1 and 3, and no ICU- dedicated clinical 
pharmacist at sample point 2.

Incidence of medication errors and characteristics of errors
Of the 1546 patients from the three sample points trans-
ferred from an ICU to a non- ICU setting during the study 
period, 899 patients (58.15%) had at least one medica-
tion error. Among patients with medication errors, there 
was an average of 1.68 (SD, 0.90; range, 1–5) errors per 
patient, with most patients (55.17%) experiencing one 
error (figure 1). The medication classes with an inci-
dence of errors were bronchorespiratory (41.79%), anti- 
infective (14.84%), cardiovascular (8.18%) and hepatic 
(6.87%) (table 2). Terbutaline and ambroxol accounted 
for 59.85% and 33.63%, respectively, of bronchorespira-
tory medications. Among the anti- infective medications, 
β-lactams accounted for 37.81% and peptides accounted 
for 23.67%. Calcium channel blockers accounted for 
23.72% and antithrombotic drugs accounted for 16.67% 
of cardiovascular medications. Adenosine succinate 
needle injection and thymalfasin accounted for 37.40% 
and 32.06%, respectively, of hepatic medications.

Some medications can cause more than one type of 
medication error, whereas one error can be caused by 
more than one medication. The three most common 
types of medication errors were route of administration 
(37.85%), dosage (17.99%) and frequency (9.23%) 
(table 2). Of the 662 errors classified as medication route 
of administration errors, bronchorespiratory accounted 
for 570 errors (86.10%) and haematologic accounted 
for 63 errors (9.52%). Of the 288 errors classified as 
dosage errors, bronchorespiratory (n=207 (71.88%)) and 
hepatic (n=50 (17.36%)) medications accounted for the 
most errors. A total of 142 drugs caused errors in delivery 
frequency, of which anti- infective drugs accounted for 53 
(37.32%) and hepatic drugs accounted for 42 (29.58%).

The survey found that the incidence of drug errors at 
sample point 3 (21.75%) was the lowest compared with 
sample point 1 (78.80%) and sample point 2 (63.93%). 
There was no significant difference in the incidence of 
medication errors among all sample sites. Most errors 

Table 2 Characteristics of medication errors (n=1546)

Characteristics, n (%) Errors(n=899)

Medication classes at time of transfer n=1546*

  Bronchorespiratory 797 (41.79)

  Anti- infective 283 (14.84)

  Cardiovascular 156 (8.18)

  Hepatic 131 (6.87)

  Endocrine 114 (5.98)

  Vitamin 98 (5.14)

  Haematologic 91 (4.77)

  Anti- inflammatory/pain 75 (3.93)

  Antipsychotics 56 (2.94)

  Gastrointestinal 37 (1.94)

  Immunomodulatory/immunosuppressants 27 (1.42)

  Nutritious supplementary 27 (1.42)

  Diuretic 11 (0.58)

  Other (antiemetic, anticholinesterase, choleretic) 4 (0.21)

Type of error n=1506

  Dosage 271 (17.99)

  Drug concentration 122 (8.10)

  Frequency 139 (9.23)

  Omissions 71 (4.71)

  Route of administration 570 (37.85)

  Drug–drug interaction 84 (5.58)

  Duplication 27 (1.79)

  Drug monitoring 25 (1.66)

  Duration 73 (4.85)

  No indication 3 (0.20)

  Compatibility taboo 96 (6.74)

  Errors related to therapeutic interchange 19 (1.26)

  Timing 4 (0.27)

  Other 2 (0.13)

*Some medication errors can occur multiple types of medication.
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(83.00%) were NCC MERP category C (reached the 
patient, no harm;) (figure 2). A small number of errors 
(17.00%) were category D (required monitoring and/
or intervention to preclude harm). The most common 
types of errors associated with category D were drug–drug 
interactions (n=74/256 (28.91%)), duration (n=47/256 
(18.36%)) and omissions (n=45/256 (17.58%)). The 
medication classes most commonly represented in 
category D errors were cardiovascular (n=102/369 
(27.64%)), anti- infective (n=79/369 (21.41%)) and anti- 
inflammatory/pain (n=54/369 (14.63%)).

Risk factors for medication errors
The results of the multivariate logistic regression of risk 
factors for medication errors are presented in table 3. In 
the multivariate logistic regression model, daytime ICU 
transfer (07:00–14:59) and an admission diagnosis of 
severe kidney disease were found to be factors associated 
with the occurrence of medication errors as compared 
with the reference category (OR, 1.40; 95% CI 1.01 to 
1.95; OR 6.78; 95% CI 1.46 to 31.60, respectively). Orders 
for bronchorespiratory (OR, 5.92; 95% CI 4.21 to 8.32), 
cardiovascular (OR, 1.91; 95% CI 1.34 to 2.73), hepatic 
(OR, 1.95; 95% CI 1.30 to 2.91), endocrine (OR, 1.99; 
95% CI 1.37 to 2.91), haematologic (OR, 2.58; 95% CI 
1.84 to 3.64), anti- inflammatory/pain (OR, 2.80; 95% CI 
1.90 to 4.12) and vitamin (OR, 1.73; 95% CI 1.26 to 2.37) 
medications at the transition of care were associated with 
increased odds of a medication error. Other factors, such 
as age, sex, comorbidities, mechanical ventilation, vaso-
pressin use, surgery in the ICU and the number of medi-
cations before and after transfer, were not associated with 
error risk. Specific univariate analysis results are shown in 
tables 4–6.

DISCUSSION
The transfer of care plays an important role in patient 
recovery, especially for ICU patients. During transfer, 
medication safety is the priority. Previous studies have 
found that more than half of general medical patients 
and those receiving emergency treatment had ≥1 medi-
cation discrepancy at admission.19 20 A retrospective 

cohort study on the coordination of inpatient admission 
and discharge medications reported that 23% of patients 
had medication discrepancies, with 19% of them poten-
tially at high risk.10 According to Unroe et al,10 6 out of 10 
patients exhibited medication transfer errors during the 
process of moving from one ward to another.

Most of the current studies have focused on transfer 
errors, such as medication errors, patient education and 
information gaps, occurring between medical institutions 
or during admission and discharge. However, medication 
use during the transfer of ICU patients to the next phase 
of treatment is not well described.21 22 The purpose of 
this study was to evaluate medication use in ICU patients 
during internal transfer within the same medical institu-
tion. Our results indicated that more than half of ICU 
patients experienced medication errors during this 
transfer. As patients transfer, their medication regimens 
need to move with them in an organised, reliable and 
accurate way. Therefore, it is not only the sender who is 
responsible for ensuring the completeness and timeliness 
of the key information delivered but also the receiver who 
is responsible for providing feedback. It is particularly 
important to implement medication reconciliation to 
reduce preventable medication errors during the transfer 
of ICU patients.

Almost 38% of errors identified were related to an 
inappropriate route of medication administration, and of 
these, 86% were due to injection route of administration, 
such aerosolized ambroxol and gentamicin injections. 
On the one hand, there are potential safety hazards of 
atomised injections; on the other hand, the stability and 
effectiveness of atomised drug injections are still uncer-
tain.23 At present, serious adverse reactions have been 
reported with drug injection atomisation.24 25 Given that 
there has been no formal safety assessment of atomised 
injections and that this method of administration is off- 
label, clinical use of injections should be strictly in accor-
dance with the correct route of administration. A national 
study of medication errors found that 44% of medica-
tion errors occurred during the administration phase of 
drugs in both the ICU and non- ICU settings and that ICU 
patients experienced more errors and more serious inju-
ries due to incorrect administration methods than non- 
ICU patients.26 In addition, route error occurs during 
the last step in the medication process before the patient 
receives the drug, and errors are less likely to be detected 
and intercepted by other medical personnel. Viscusi and 
Eugene also showed in a literature review that in anaes-
thesiology, emergency medicine, obstetrics and oncology, 
incorrect route of administration has been reported to 
have serious consequences.27 In particular, inappropriate 
intravenous or intravascular delivery errors impose a high 
burden of patient morbidity, mortality, patient suffering 
and cost.28 29

In addition to incorrect route of administration, 
approximately 18% of errors were related to improper 
dosage. In a study on adverse drug events in ICUs, Kopp 
and Benkirane found that drug dosage errors accounted 

Figure 2 Categorisation and number of severity of 
medication errors among intensive care unit patients at three 
sample points.
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Table 3 Risk factors associated with a medication error during transfer: multivariate logistic regression

Characteristic OR (95% CI) P value

Age

  35–44 years 1.01 (0.53 to 1.96) 0.967

  45–54 years 0.95 (0.53 to 1.70) 0.87

  55–64 years 0.97 (0.55 to 1.74) 0.926

  65–74 years 0.94 (0.54 to 1.62) 0.81

  75–84 years 0.75 (0.42 to 1.35) 0.339

  ≥85 years 0.74 (0.37 to 1.48) 0.393

Sex

  Male 0.80 (0.59 to 1.09) 0.162

Mechanical ventilation during ICU stay 0.70 (0.40 to 1.23) 0.215

Vasopressor use during ICU stay 1.24 (0.90 to 1.71) 0.195

Surgery is performed during ICU stay 0.65 (0.41 to 1.05) 0.077

ICU length of stay 1.01 (0.99 to 1.04) 0.281

All hospital length of stay 0.99 (0.97 to 1.00) 0.121

Number of medications prior to transfer 1.00(0.98 to 1.03) 0.775

Number of medications after transfer 1.02 (1.00 to 1.05) 0.087

Time of transfer

  Day (07:00–14:59) 1.40 (1.01 to 1.95) 0.043

Day of transfer

  Weekend 1.28 (0.90 to 1.81) 0.169

Admitting ICU

  Obstetrics/gynecolog 0.37 (0.19 to 0.72) 0.004

  Emergency 0.62 (0.33 to 1.19) 0.151

  Respiratory 1.00 (0.62 to 1.63) 0.991

  Neurosciences/neurosurgical 0.89 (0.23 to 3.43) 0.862

Admission diagnosis

  Severe liver disease 0.81 (0.46 to 1.95) 0.99

  Respiratory 0.28 (0.15 to 0.55) <0.001

  Neurosurgery 0.84 (0.22 to 3.27) 0.801

  Severe kidney disease 6.78 (1.46 to 31.60) 0.015

  Trauma 0.63 (0.31 to 1.27) 0.194

  Gastrointestinal surgery 0.90 (0.37 to 2.19) 0.815

  Cardiac 0.28 (0.13 to 0.62) 0.002

  Transplant surgery 9.13 (0.70 to 11.90) 0.091

  Cancer 0.76 (0.47 to 1.23) 0.262

  Drug poisoning 0.36 (0.15 to 0.86) 0.022

Comorbidities

  Chronic kidney disease 1.29 (0.76 to 2.20) 0.347

  Heart failure 1.09 (0.69 to 1.73) 0.713

  Chronic hepatopathy 0.97 (0.56 to 1.69) 0.931

  Psychiatric illness 0.75 (0.33 to 1.68) 0.481

  Hyperlipaemia 0.98 (0.49 to 1.96) 0.957

Medication class at time of transfer

  Anti- infective 1.27 (0.79 to 2.06) 0.326

  Bronchorespiratory 5.92 (4.21 to 8.32) <0.001
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for 23% and 21.1%, respectively.30 31 The high frequency 
of dosage errors may be related to the use of multiple 
medications in ICU patients and the need to calculate 
dosages for most intravenous medications. Moreover, 
a review of the literature on pharmaceutical events in 
paediatric and neonatal ICUs showed that dosage errors 
were the most frequently reported error subtype.32 For 
children, drug doses often require frequent adjustments 
(such as dose- weight calculations), which can easily lead 
to errors.32

In this study, an admission diagnosis of severe renal 
disease was found to be a risk factor associated with medi-
cation errors. Martin’s study also showed that the primary 
risk factor the occurrence of ICU drug- related problems 
was a diagnosis of kidney injury (OR=8.38).33 These data 
are similar to those presented by Kane- Gill et al,34 who 
concluded that critically ill patients with acute kidney 
failure are 16 times more likely to experience adverse 
drug events. This may be related to the frequent need 
to adjust the medication regimen and dosage based on 
renal function in patients with renal disease.

In this study, drug overdose, which is higher than 
normal doses, was the main problem, of which bron-
chorespiratory medications accounted for 71.88% and 
hepatic medications accounted for 17.36%. There is 
insufficient evidence for the clinical application of high- 
dose medications, which is an off- label use. Although it is 
generally considered that some drugs are clinically safe to 
use in overdose, the side effects of these drugs are often 
concealed by the symptoms and signs of the underlying 
disease in critically ill patients, especially in patients with 
impaired consciousness. Therefore, caution should be 
exercised when considering the use of such an overdose.

In our study, we found that medication errors occurred 
both in the ICU and from the ICU to the non- ICU. We 
believe that the reason for this problem may be the lack 
of evidence- based empirical usage by doctors, followed by 

the failure of drug restructuring by the receiving party. 
The problem of drug overdose with an incorrect route 
of administration reminds us not only that we should pay 
more attention to the problem of irrational drug use but 
also that we should re- examine the responsibility of trans-
ferring parties and accepting release from the perspec-
tive of working mechanisms. Although no harm reach the 
patient, it also highlights the risk of medication errors 
during metastasis.

Due to the severity of their disease, organ dysfunction 
and polypharmacy, critical patients constitute a group 
vulnerable to medication errors.35 36 One way to improve 
medication safety is to include clinical pharmacists in the 
care team.37 38 The daily inspection of laboratory data and 
evaluation of patients’ symptoms can not only reduce 
unnecessary medications, medication errors and poten-
tial side effects that lead to complicated drug treatment 
risks but can also identify potentially harmful medication 
errors and intercept them to prevent the occurrence of 
adverse drug events.39 40

In our study, we found that there was one ICU clinical 
pharmacist at sample points 1 and 3, while there was no 
ICU clinical pharmacist at sample point 2, however, only 
the clinical pharmacist at sample point 3 intervened in 
ICU medications. According to the research, compared 
with samples 1 and 2, sample 3 had the lowest incidence 
of drug errors, which may be related to pharmacist 
intervention.

Pharmacist intervention during hospitalisation and 
discharge is often studied with positive impacts.41 A 2019 
prospective study showed that pharmacists participating 
in drug- led transfer care programmes reduced postdis-
charge drug- related problems.42 A prospective interven-
tion study of medication regulation in the ICU also found 
that patients with ≥1 medication error after pharmacist 
intervention were 30.5% less likely to be hospitalised and 
32.7% more likely to be discharged from the hospital.11 In 

Characteristic OR (95% CI) P value

  Cardiovascular 1.91 (1.34 to 2.73) <0.001

  Hepatic 1.95 (1.30 to 2.91) 0.001

  Endocrine 1.99 (1.37 to 2.91) <0.001

  Gastrointestinal 1.06 (0.75 to 1.51) 0.734

  Haematologic 2.58 (1.84 to 3.64) <0.001

  Immunomodulatory/immunosuppressants 1.04 (0.20 to 5.48) 0.968

  Nutritious supplementary 1.43 (0.93 to 2.19) 0.107

  Anti- inflammatory/pain 2.80 (1.90 to 4.12) <0.001

  Neurologic 1.66 (0.86 to 3.20) 0.132

  Diuretic 0.50 (0.30 to 0.84) 0.009

  Vitamin 1.73 (1.26 to 2.37) 0.001

  Other 1.56 (0.81 to 3.01) 0.185

ICU, intensive care unit.

Table 3 Continued
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Table 4 Comparison of patient characteristics between those with and without medication errors

Patient characteristics Error (n=899) No error (n=647) P value

Age, n (%) 0.007

  Under 35 years 84 (9.36) 90 (13.91)

  35–44 years 71 (7.92) 41 (6.34)

  45–54 years 155 (17.28) 100 (15.46)

  55–64 years 161 (17.95) 90 (13.91)

  65–74 years 230 (25.64) 150 (23.18)

  75–84 years 146 (16.28) 128 (19.78)

  ≥85 years 52 (5.80) 48 (7.42)

Sex, n (%) 0.015

  Male 572 (63.63) 372 (57.50)

  Female 327 (36.37) 275 (42.50)

Admitting ICU, n (%)

  Mixed 417 (46.38) 157 (24.27) <0.001

  Emergency 86 (9.57) 237 (36.63) <0.001

  Respiratory 181 (20.13) 152 (23.49) 0.113

  Neurosciences/neurosurgical 166 (18.46) 21 (3.25) <0.001

  Obstetrics/gynecolog 49 (5.45) 80 (12.36) <0.001

Admission diagnosis, n (%)

  Severe liver disease 16 (1.78) 0 0.001

  Respiratory 68 (7.56) 122 (18.86) <0.001

  Lithiasis 18 (2.00) 11 (1.70) 0.666

  Pregnancy 33 (3.67) 35 (5.41) 0.1

  Burn 12 (1.33) 7 (1.08) 0.656

  Neurosurgery 145 (16.13) 20 (3.09) <0.001

  Severe kidney disease 20 (2.22) 3 (0.46) 0.005

  Trauma 66 (7.34) 26 (4.02) 0.006

  Gastrointestinal surgery 34 (3.78) 11 (1.70) 0.016

  Cardiac 44 (4.89) 133 (20.56) <0.001

  Transplant surgery 24 (2.67) 1 (0.15) <0.001

  Cancer 328 (36.48) 160 (24.73) <0.001

  Drug poisoning 18 (2.00) 100 (15.46) <0.001

  Other 73 (8.12) 38 (5.87) 0.091

Comorbidities, n (%)

  Chronic kidney disease 57 (6.34) 63 (9.74) 0.014

  Anaemia 45 (5.01) 29 (4.48) 0.634

  Chronic pulmonary disease 155 (17.24) 90 (13.91) 0.077

  Heart failure 78 (8.68) 77 (11.90) 0.037

  Chronic hepatopathy 47 (5.23) 59 (9.12) 0.003

  Diabetes 103 (11.46) 82 (12.67) 0.467

  Thyropathy 16 (1.78) 8 (1.24) 0.394

  Cancer 43 (4.78) 42 (6.49) 0.146

  Hypertension 231 (25.70) 184 (28.44) 0.23

  Psychiatric illness 20 (2.22) 30 (4.64) 0.008

  Neurologic disease 55 (6.12) 47 (7.26) 0.37

  Inflammatory disease 32 (3.56) 32 (4.95) 0.177
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an intensive care setting, the work of clinical pharmacists 
is also recognised as an important factor in improving the 
quality of care provided, with positive results in terms of 
cost, mortality and length of hospital stay.

This study has several limitations. First, we cannot avoid 
researcher variability in the collection of medication 
data and evaluation of medication errors, although we 
had a consistent discussion of the variables that might be 
encountered prior to starting. Second, we only collected 
medication orders within 24 hours before and after ICU 
transfer; hence, medication errors occurring outside of 
the prescribed time period cannot be detected. More-
over, the actual error rate may be higher than reported, 
as the study was unable to assess errors in dispensing and 
administration by caregivers. A third limitation is that we 
only collected data from three sample points. The study 
was unable to examine the impact of the type of institu-
tion and its basic ICU characteristics on the risk of medi-
cation errors, nor could it clarify the role of ICU clinical 

pharmacists in preventing medication errors, since the 
number of sample points included in the study could not 
be statistically calculated. Finally, medication errors are 
determined by retrospective review of medical records, so 
data loss or record errors may lead to incorrect results.

CONCLUSION
More than half of ICU patients experienced medication 
errors during the transition of care. The vast majority of 
medication errors reached the patient but did not cause 
harm. The study also identified risk factors associated with 
medication errors. In the process of transferring care, the 
main responsibilities of each party should be clarified, as 
well as the risk characteristics affecting drug safety, which 
deserve further study. Especially in the context of major 
public health emergencies, it is important to reduce 
the risk of drug use in the care transfer process because 
the dynamic and rapid transfer situation between the 

Patient characteristics Error (n=899) No error (n=647) P value

  Lithiasis 17 (1.89) 20 (3.09) 0.128

  Hyperlipaemia 19 (2.11) 59 (9.12) <0.001

ICU, intensive care unit.

Table 4 Continued

Table 5 Comparison of medication order characteristics between patients with and without medication errors

Medication order characteristics Error (n=899) No error (n=647) P value

Number of home medications, mean±SD 11.88±13.29 10.38±12.11 0.069

Number of medications prior to transfer, mean±SD* 23.90±16.29 18.98±17.211 <0.001

Number of medications after transfer, mean±SD† 21.86±11.34 14.57±9.99 <0.001

Medication classes at time of transfer, n (%)‡

  Bronchorespiratory 679 (75.53) 241 (37.25) <0.001

  Anti- infective 825 (91.77) 439 (67.85) <0.001

  Cardiovascular 320 (35.60) 222 (34.31) 0.602

  Hepatic 319 (35.48) 86 (13.29) <0.001

  Endocrine 295 (32.81) 86 (13.29) <0.001

  Vitamin 527 (58.62) 428 (66.15) <0.001

  Haematologic 327 (36.37) 217 (33.54) 0.250

  Anti- inflammatory/pain 256 (28.48) 150 (23.18) 0.020

  Antipsychotics 182 (20.24) 29 (4.48) <0.001

  Gastrointestinal 622 (69.19) 425 (65.69) 0.146

  Immunomodulatory/immunosuppressants 50 (5.56) 6 (0.93) <0.001

  Nutritious supplementary 188 (20.91) 48 (7.42) <0.001

  Diuretic 86 (9.57) 75 (11.59) 0.198

  Other(antiemetic, anticholinesterase, choleretic) 133 (14.79) 20 (3.09) <0.001

*Active medication orders in the ICU within 24 hours prior to transfer to a lower level of care.
†Active medication orders in the lower level of care within 24 hours after transfer from the ICU.
‡All active medication orders within 24 hours pretransfer and post- transfer.
ICU, intensive care unit.
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diagnostic and treatment environments is unforeseeable 
by both patients and medical staff.
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