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Abstract 

Background: Patients with sepsis have a high mortality rate, accumulated evidences suggest that an optimal anti-
biotic administration strategy based on pharmacokinetics/pharmacodynamics (PK/PD) can improve the prognosis of 
septic patients. Therefore, we assessed Chinese intensive care unit (ICU) physicians’ knowledge about PK/PD.

Methods: In December 2019, we designed a questionnaire focused on Chinese ICU physicians’ knowledge about 
PK/PD and collected the questionnaires after 3 months. The questionnaire was distributed via e-mail and WeChat, 
and was distributed to ICU doctors in 31 administrative regions of China except Hong Kong, Macao and Taiwan. The 
passing score was corrected by the Angoff method, and the ICU physicians’ knowledge about PK/PD was analysed 
accordingly.

Results: We received a total of 1,309 questionnaires and retained 1,240 valid questionnaires. The passing score was 
90.8, and the overall pass rate was 56.94%. The pass rate for tertiary and secondary hospitals was 59.07% and 37.19%, 
respectively. ICU physicians with less than 5 years of work experience and resident physician accounted for the high-
est pass rate, while those with between 5 to 10 years of work experience and attending accounted for the lowest 
pass rate. The majority of participants in the Chinese Critical Care Certified Course (5C) were from Jiangsu and Henan 
provinces, and they had the highest average scores (125.8 and 126.5, respectively). For Beijing and Shanghai, the aver-
age score was only 79.4 and 90.9, respectively.

Conclusions: Chinese ICU physicians’ knowledge about PK/PD is unsatisfactory. Therefore, it is essential to strengthen 
ICU physicians’ knowledge about PK/PD.

Keywords: Sepsis, Antibiotics, Pharmacokinetics, Pharmacodynamics, Intensive care units, Angoff method

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Sepsis is one of the main causes of death in the intensive 
care unit (ICU) [1, 2]. According to statistics published in 
2017, the incidence of sepsis is 48.9 million cases per year, 
and its mortality rate is 22.49%, accounting for 19.7% of 
the global deaths [3]. Early, rational, and effective use of 
antibiotics is key to treat such patients [4–6]. Much evi-
dence shows that optimizing antibiotic administration 
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improves the clinical outcome of patients with sepsis [7–
9]. A retrospective study [9]  demonstrated that reason-
able antibiotics can reduce the mortality of patients with 
sepsis [hazard ratio (HR) = 0.610, (95% confidence inter-
val (CI): 0.433-0.858, P=0.005)]. The pharmacokinetics/
pharmacodynamic(PK/PD) theory of antibiotics plays an 
important role in guiding the rational application of clini-
cal antibiotics. However, due to a series of pathophysi-
ological changes and life support measures, antibiotic 
PK often undergoes tremendous changes and fluctuates 
dynamically [10]. There are numerous factors caused by 
infection that change the antibiotic PK, such as capillary 
leakage, fluid resuscitation, the use of vasoactive drugs, 
tissue oedema, and changes in plasma protein binding 
rates [11].

Due to changes in PK, conventional dosages or meth-
ods of administration often failure to achieve a reason-
able PK/PD target value, resulting in unsuccessful clinical 
treatment  [8, 12]. A previous study  [8]  reported that in 
patients with severe sepsis or septic shock, EI of 1,000 mg 
of meropenem over 3 h administered Q8H is inadequate 
to provide activity (%fT > 4  µg/mL > 40%) against strains 
susceptible to increased exposure, requiring a bolus of 
500 mg followed by EI of 1,500 mg Q8H. Vardakas et al. 
[12] pointed out that the mortality rate was significantly 
lower with long-term infusion of β-lactam for sepsis than 
with short-term infusion [risk ratio (RR) = 0.70, (95% 
confidence interval (CI): 0.56-0.87, P<0.005)]. Hence, 
long-term infusion or continuous infusion at a daily dose 
for 24 h with prolonged %fT> MIC might be helpful to 
reach the target PK/PD values.

Patients hospitalized in the ICU often require advanced 
life support, such as extracorporeal membrane oxygena-
tion (ECMO), continuous renal replacement therapy 
(CRRT), etc. These supports often influence patients’ 
PK, resulting in poor anti-infective efficacy and requiring 
antibiotic dose adjustment. Bougle et al. [13] showed that 
the majority of septic patients do not reach the PK target 
value during the adjuvant treatment of ECMO with imi-
penem and amikacin (60% and 66.7%, respectively). Simi-
larly, due to increased antibiotic clearance during CRRT, 
especially for water-soluble antibiotics, it is critical to 
increase the dose to achieve the target values [14].

Therapeutic drug monitoring (TDM) can dynamically 
monitor the changes of drug concentration and optimize 
the antibiotic dosing regimens according to PK/PD tar-
get values  [15]. Richter et al. [16] evaluated the compli-
ance rate of PK target values under the TDM guidance 
for piperacillin/tazobactam during the treatment of sep-
sis and without TDM guidance; the rate of compliance 
with PK was significantly higher with TDM than without 
TDM. However, there are few antibiotics that can carry 
out TDM, which are limited to antibiotics with small 

therapeutic concentration range and obvious dose and 
adverse reactions, such as aminoglycosides, vancomycin, 
and antifungal drugs (e.g., echinocandins and flucyto-
sine)  [16, 17]. Therefore, adjusting antibiotics according 
to the pathophysiological characteristics of patients and 
PK characteristics of antibiotics mainly depends on ICU 
physicians’ experience in application of PK/PD. There-
fore, ICU doctors’ mastery of PK/PD knowledge is par-
ticularly important in the rational use of antibiotics.

Fleuren et al. [18] demonstrated that clinically relevant 
PK knowledge on antibiotic dosing among intensive 
care professionals is insufficient. This was addressed, as 
suboptimal dosing strategies were found to be associ-
ated with poorer outcomes. There are irrational use and 
abuse of antibiotics in China  [19], and the drug resist-
ance rate is remarkable  [20]. More than 90% of mac-
rolide-resistant M. pneumoniae are found in China. It 
is well-known that macrolide-resistant M. pneumoniae 
cause long-lasting fever, require long-term treatment, 
and lead to stronger side effects  [20, 21], which might 
be related to the lack of clinicians’ PK/PD knowledge. 
Therefore, we carried out a cross-sectional study on ICU 
physicians’knowledge on PK/PD in China to assesse Chi-
nese ICU physicians’knowledge about PK/PD, in order to 
emphasize the importance of antibiotic PK/PD knowl-
edge in anti-infective treatment.

Method
On December 24, 2019, we began a cross-sectional sur-
vey to assess ICU physicians’ PK/PD knowledge level. 
We designed a web-based questionnaire with www. wjx. 
cn, and all questions were jointly formulated by mem-
bers of the Critical Care Medicine of Zhejiang Medical 
Association, China. The questionnaire link was shared 
via email and WeChat. Each recipient decided whether 
to answer the questions and whether to share the link 
with colleagues to get more responses to the ques-
tionnaire. The information collected included partici-
pants’ job title, years of work experience, and hospital 
grade. After participants completed the questionnaire, 
the results and other relevant information were avail-
able on the webpage. We summarized the informa-
tion and analysed the questionnaires. Each participant 
was asked to complete the questionnaires according to 
their true knowledge level independently, without the 
help of mobile phones, computers, or other electronic 
devices. On March 24, 2020, we collected the question-
naire data and eliminated invalid questionnaires. Exclu-
sion criteria were as follows: (1) the response duration 
was too short; there were 15 questions in total, and 
we excluded questionnaires with answering time less 
than 120 s as we believe that the respondents did not 
earnestly answer the questions according to their true 
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knowledge; (2) the submitted answers for the 15 ques-
tions were all the same; and (3) when two or more ques-
tionnaires were answered from the same IP address, 
the last submission was retained. Finally, we totally 
collected 1,309 questionnaire results. After removing 
the invalid questionnaire, there were 1,240 valid ques-
tionnaires, and participants were distributed across 31 
provinces in mainland China (Fig. 1).

Designing questionnaire
We designed a total of 15 questions, each with a score 
of 10 points, and only one correct answer was accept-
able, and all questions came from "Expert Consensus 
on Clinical Application of Antimicrobial Pharmacoki-
netics/Pharmacodynamics Theories", which is a Chi-
nese expert consensus. The questions were related to 
the characteristics of antibiotics, PK/PD indices under 
different physiological and pathological conditions, and 
changes in PK/PD parameters under organ support 
and antibiotic adjustment, which are the most frequent 
problems that ICU physicians encounter clinically , and 
you can view the questionnaire content from the Sup-
plementary File 1 "Questionnaire"

Subjects
The subjects of this survey were ICU physicians who 
worked in a medical system in mainland China. We 
contacted 10,782 ICU physicians through 12th Con-
gress of Chinese Society of Critical Care Medicine reg-
istry, including residents, attending physicians, vice 
chief physicians, and chief physicians. Resident physi-
cians were defined as junior physicians who obtained 
qualification certificates for standardized resident 
training. Attending physicians, vice chief physicians, 
and chief physicians were defined as physicians who 
obtained relevant professional title evaluation exami-
nations and met the requirements for professional title 
evaluation. The participants were from all grades of 
hospitals across the country. The hospitals grades were 
evaluated by the National Health Commission of the 
People’s Republic of China according to the medical 
service and management, medical quality and safety, 
technical level, and efficiency. The represented hos-
pitals mainly included grade III-A, grade III-B, grade 
II-A, and grade II-B hospitals. Grade III-A hospitals 
refer to hospitals with more than 500 beds that provide 
medical and health services across regions, provinces, 
cities and the whole country, at the same time, more 

Fig. 1 Distribution of participants in different provinces across mainland China
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than 900 points were obtained according to the tertiary 
hospital grade scoring standard, and those with a com-
prehensive score of 750-899 are defined as grade III-B 
hospitals. Secondary hospitals are regional hospitals 
that provide medical and health services across several 
communities, with a total of 100 to 499 inpatient beds, 
and more than 900 points were obtained according to 
the secondary hospital grade scoring standard were 
defined as grade II-A hospitals, when those with a com-
prehensive score of 750-899 are defined as grade II-B 
hospitals. All the above information can be found on 
the official website of National Health Commission of 
the People’s Republic of China.

Privacy and consent
We placed the informed consent form on the first page 
of the questionnaire, which included consent to pub-
licly publish their answers, and strictly protected the 
private information of participants. Participants can 
only further answer the questionnaire content after 
clicking the "Agree" option, and choose "Disagree" to 
directly end the answer. The information we collected 
was limited to the hospital grade, years of working and 
the participant’s job title, and does not involve the par-
ticipant’s name, age, work unit, home address, contact 
information. An institutional ethics board (Medical 
Ethics Committee of Zhejiang Hospital) approved the 
protocol (Approval Letter number: 2019-36K).

The Angoff method
To set the standard score, we used the Angoff method 
which uses a group of experts to judge the difficulty 
of each question on an exam to determine the cut-off 
score  [22]. The Angoff method has been widely used in 
medical examination with high credibility  [23–25]. We 
selected 20 members of Critical Care Medicine of Zhe-
jiang Medical Association as the experts. First, we pre-
sented a lecture and reviewed PK/PD knowledge with 
the members of the committee, so they were prepared 
to judge the questionnaire. Each expert judged the prob-
ability that a candidate would answer each question cor-
rectly. We considered the average value to calculate the 
expected score for each question. The sum of the pre-
dicted scores for all questions represented the passing 
score (Fig. 2).

Statistical analysis
The analysis was performed using Microsoft Excel (ver. 
12624.20466). We imported all data into an Excel spread-
sheet, analysed each questionnaire, performed a validity 
analysis, removed invalid data, and presented final results 
as images, tables, and text.

Results
Participants’ baseline characteristics
From December 24, 2019, to March 24, 2020, a total of 
1,309 questionnaires were collected. After excluding inva-
lid questionnaires, a total of 1,240 valid questionnaires 

Fig. 2 Correction of passing score by angooff method
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remained. The participants were from 31 provinces 
of mainland China (Fig.  1). The subjects were mainly 
from grade III-A hospitals (n=900, 72.58%) (Fig.  3), 
and the majority of them were from Zhejiang province 
(n=117, 9.44%) (Fig.  1). Participants were mainly resi-
dents (n=420, 33.87%) and attending physicians (n=456, 
36.77%) (Fig. 4), and the majority of them had work expe-
rience of no more than 10 years (n=919, 74.11%) (Fig. 5). 
Details of participants are shown in Table 1.

Test results
The passing score adjusted with the Angoff method was 
90.8. Among 1,240 valid questionnaires, 706 (56.94%) 
participants passed the exam. The passing rate varied 

according to different characteristics of the physicians. 
From the perspective of hospital grade, higher hospital 
grade was associated with higher pass rate. The over-
all pass rate of the tertiary hospitals was 59.07%. Of the 
tertiary hospitals, the pass rate of the grade III-A hospi-
tals was 61.22% and that of the grade III-B hospitals was 
50.23%. The overall pass rate of the secondary hospitals 
was 37.19%. Of the secondary hospitals, the pass rate of 
the grade II-A hospitals was 37.93% (Fig.  6). From the 
perspective of work experience, ICU physicians with less 
than 5 years of work experience accounted for the high-
est pass rate, followed by physicians with work experi-
ence > 15 years and between 10 to 15 years (Fig. 7). From 
the perspective of physicians’ job-title, the pass rate of 

Fig. 3 The grade distribution of the participants’ hospitals

Fig. 4 The distribution of the participants’ job titles
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resident physician was the highest (64.52%), followed by 
chief physician, and attending physician, and vice chief 
physician for the lowest rate (Fig. 8).

ICU physicians’ knowledge about PK
PK includes the processes of absorption, distribu-
tion, metabolism, and excretion of antibiotics [26]. We 
designed 10 questions about PK. Since the adminis-
tration of antibiotics in patients with sepsis is mainly 
intravenous, our questions did not involve absorption-
related knowledge of antibiotics. The antibiotic char-
acteristic- (Q1-4), distribution- (Q6, Q7, Q11), and 
excretion-related knowledge (Q8, Q9) were covered 
in the questions. When the difficulty of the questions 
was low, the Angoff score was high (range, 0.6-0.8). 
Question 8 aimed to assess the knowledge related to 
metabolic pathways, and it had the highest correct 
rate (n=1134, 91.37%). Question 13 accounted for the 
lowest correct rate (n = 442, 35.65%), it required cal-
culation of half-life which involves distribution- and 

excretion-related parameters. Therefore, the Angoff 
score and the pass rate of question 13 were low. The 
Angoff scores of the questions related to antibiotic 
characteristics were approximately 0.66, except for 
Question 1 which had a low correct rate (n=575, 
46.37%). The correct rate of other topics was approxi-
mately 70-80%. The overall Angoff score of the antibi-
otic distribution-related questions was slightly lower; 
it was 48.47% for Question 7 and approximately 60% 
for the remaining questions, which suggested that ICU 
physicians’ knowledge was not ideal. Question 9 exam-
ined the route of antibiotic excretion, and less than half 
of the participants correctly answered this question 
(n=550, 44.35%), indicating a lack of ICU physicians’ 
knowledge of metabolic pathways (Table 2).

ICU physicians’ knowledge about PD/PK and adjustment 
of antibiotic use
PD mainly reflects the effects of antibiotics on the body 
and clinical efficacy. We designed a total of 5 PK/PD 

Fig. 5 The distribution of participants’ work experience

Table 1 Basic characteristics of participants

Residents Attending physicians Vice chief physicians Chief physicians Total

Number of participants 420(33.9%) 456(36.7%) 276(22.3%) 88(7.1%) 1240

Years of working(Y) 2.2±1.6 6.8±3.1 13.9±3.9 15.3±5.3 7.4±5.8

Hospital grade

 Grade III-A 308(34.2%) 334(37.2%) 207(23.0) 51(5.6%) 900

 Grade III-B 84(38.4%) 69(31.5%) 40(18.3%) 26(11.8%) 219

 Grade II-A 26(22.4%) 50(43.1%) 29(25.0%) 11(9.5%) 116

 Grade II-B 2(40.0%) 3(60.0%) 0(0.0%) 0(0.0%) 5
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questions, which mainly involved the adjustment of dif-
ferent types, periods, and dosages of antibiotics under 
organ support. The Angoff score was between 0.6-0.7, 
and the overall pass rate was approximately 70%. These 
questions mainly involved comprehensive indices related 
to antibiotics (Q5, Q12) as well as adjustment of dosage 
and administration methods under different pathologi-
cal conditions (Q10, Q14-15). The question regarding 
adjustment of antibiotics under organ support was more 
difficult, especially that on the adjustment of plasma 
exchange antibiotics. The Angoff score was lower (0.500), 
and the pass rate was as low as 38.31%, which demon-
strated that ICU physicians’ PD knowledge was not sat-
isfactory (Table 2).

Improving ICU physicians’ knowledge about PK/PD 
via professional training programmes
The Chinese Critical Care Certified Course (5C) is the 
most important training programme for medical staff in 
China. The training programme involves all aspects of 
the fields related to critical medicine and a programme 
on adjustment of antibiotic administration for critically 
ill patients according to PK/PD. And from 2009 to 2020, 
5C training courses have been held 128 times nationwide, 
covering all provinces and autonomous regions. We com-
piled the number of ICU physicians who received this 
specific training programme in 31 provinces in main-
land China from 2009 to 2019. In that period, 23,273 
physicians participated in the programme and 18940 

Fig. 6 Test results according to hospital grade

Fig. 7 Test results according to work experience in the ICU
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physicians passed the examination (Table 3). The major-
ity of participants in the programme were from Jiangsu 
(n=1,808,9.55%) and Henan (n=1,599,8.44%) provinces, 
which had the highest average scores (125.8 and 126.5, 
respectively). However, for Beijing and Shanghai, the 
percentages of participants were low, and the average 
scores were low (79.4 and 90.9, respectively). Pearson 
correlation analysis showed that there was no correla-
tion between the number of training participants and the 
passing rate of exams, and the percentage of registered 
physicians in 5C training and the passing rate of exams 
(p>0.05). The average test score of different provinces 
is positively correlated with the number of participants 
in the training (r=0.546, p=0.043), and the average test 
score is positively correlated with the percentage of 5C 
training physician registration (r=0.546, p=0.044). It 
shows that training can enhance ICU doctors’ knowledge 
of antibiotic PK/PD.

Discussion
The present survey assessed the status of PK/PD knowl-
edge among Chinese ICU physicians. The results showed 
that approximately half of the participants passed the 
exam, especially for questions on the adjustment of anti-
biotics for sepsis and the adjustment of antibiotics under 
organ support. Additionally, hospitals with different 
grades and physicians with different job titles exhibited 
different degrees of PK/PD knowledge. What surprises 
us is that the passing rate of resident physicians is the 
highest, which seems unreasonable, because generally 
the higher the working years, the higher the theoretical 
knowledge and professional level [27]. At the same time, 
the average score of chief physician and ICU physician 

who has worked for more than 15 years is the high-
est, but the average score is the highest, which indicates 
that there is "polarization" in the mastery level of PK/PD 
among physicians with the same job title, and the mas-
tery situation is quite different. However, the total num-
ber of participants in this study is small, accounting for 
only about 1% of the total number of ICU practitioners 
in China. At the same time, the number of deputy chief 
physicians and chief physicians is small, which may have 
some bias. And combined with the results of 5C training, 
whether to accept continuing education training also has 
a certain impact on the test results. However, in general, 
the mastery of PK/PD knowledge of Chinese ICU doctors 
is unsatisfactory.

In addition to Chinese ICU physicians, those in other 
countries also lack acceptable of knowledge of PK/PD. 
A study conducted in Europe showed that European 
ICU professionals do not have a satisfactory level of PK 
knowledge  [18]. Even though the theoretical knowledge 
is available in China, combined with the results of the 
current survey, we found that PK/PD knowledge has not 
been valued by clinicians. Given the high mortality rate 
of sepsis and increasing antibiotic resistance, methods to 
improve ICU physicians’ PK/PD knowledge need to be 
further studied.

Sepsis is a common reason for admission to ICUs, 
and early correct antibiotic use is an important meas-
ure to reduce mortality due to sepsis  [9]. On the one 
hand, patients with sepsis may also have organ dysfunc-
tion, resulting in drug accumulation and adverse reac-
tions. On the other hand, insufficient dose of antibiotics 
may lead to treatment failure and drug resistance [28]. 
Additionally, organ support may significantly influence 

Fig. 8 Test results according to job title
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Table 2 Questions, standard answers, and Angoff score

Question Answer Correct 
answer

Angoff score Pass rate

1. Which of the following antibiotics is liposoluble? A. Ceftazidime
B. Daptomycin
C. Amikacin
D. Moxifloxacin

D 0.645 46.37%

2. Which of the following antibiotics is water soluble? A. Levofloxacin
B. Imipenem
C. Tegacyclin
D. Lincomycin

B 0.675 72.58%

3. Which of the following antibiotics is a concentration-
dependent antibiotic?

A. Meropenem
B. Tegacyclin
C. Nanofloxacin
D. Ceftriaxone

C 0.670 79.60%

4. Which of the following antibiotics is time dependent? A. Netilmicin
B. Gatifloxacin
C. Aztreonam
D. Polymyxin

C 0.655 80.16%

5. Which of the following evaluation indicators is correct? A. Ceftriaxone% T >mic
B. Isopalmicin% T >mic
C. MeropenemCmax/Mic
D. TegacyclinCmax/Mic

A 0.585 69.44%

6. Which of the following is not a high plasma protein bind-
ing drug (PB> 70%)?

A. Tegacyclin
B. Daptomycin
C. Teicoplanin
D. Fosfomycin

D 0.515 66.13%

7. Which of the following antibiotics does not need to be 
adjusted for hypoproteinaemia?

A. Cefoperazonesulbactam
B. Doxycycline
C. Teicoplanin
D. Linezolid

D 0.590 48.47%

8. Which of the following antibiotics is mainly excreted 
through the kidney?

A. Minocycline
B. Azithromycin
C. Lincomycin
D. Vancomycin

D 0.710 91.37%

9. Which of the following antibiotics is mainly excreted 
through the liver?

A. Imipenem/cilastatin
B. Teicoplanin
C. Clarithromycin
D. Cefoperazone

D 0.600 44.35%

10. How should one adjust time-dependent antibiotics in 
critically ill patients?

A. Reduce dosage, increase frequency, and prolong 
infusion time
B. Increase dosage, reduce frequency, and prolong 
infusion time
C. Multiple daily doses, increase administration 
frequency, and prolong infusion time
D. Single daily dose, increase dose, and extend 
infusion time

C 0.655 69.84%

11. Which of the following conditions will not lead to an 
increase in the apparent distribution volume (Vd) of antibiot-
ics?

A. Hypoproteinemia
B. Fluid resuscitation
C. Severe infection
D. Short bowel syndrome

D 0.595 78.47%

12. Which of the following statements is correct? A. The main evaluation index of time-dependent 
antibiotic is% T >mic
B. Auc0-24/MIC is the main evaluation index for 
concentration dependent antibiotic
C. Cmax/MIC is the main evaluation index for time-
dependent and PAE long antibiotics
D. Time-dependent antibiotics with Cmax/MIC = 
10-12

A 0.650 69.35%

13. What is the approximate half-life of an antibiotic with Vd 
of 200 L and CL of 10 L/h?

A. 12 h B. 14 h C. 16 h D. 18 h B 0.485 35.65%
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PK/PD [29]. Therefore, for patients with sepsis, an opti-
mal antibiotic administration strategy is essential to 
minimize the occurrence of adverse reactions and drug 
resistance while ensuring efficacy.

TDM of antimicrobials, even those with a wide thera-
peutic index, is becoming more common, whilst TDM 
for “traditional” drugs, such as aminoglycosides and 
glycopeptides, is continually being studied for further 
improvement. In the case of in  vitro drug susceptibil-
ity testing with known pathogenic bacteria and mini-
mum inhibitory concentration, TDM is carried out by 
monitoring changes in serum concentration combined 
with PK/PD target attainment [15]. An antibiotic-based 
adjustment programme remarkably improves treat-
ment efficiency  [30], reduces the occurrence of anti-
biotic adverse reactions, and reduces the mortality of 
septic patients [31, 32]. A recent TDM-based study [33] 

demonstrated that TDM should be routinely carried 
out for monitoring β-lactam antibiotics and aminogly-
cosides, while linezolid, teicoplanin, and vancomycin 
need to be monitored by TDM for critically ill patients. 
Using artificial intelligence-based methods such as 
Bayesian theory, PK/PD-relevant parameters can be 
calculated by combining blood drug concentration and 
patient’s personal information, to achieve individual-
ized antibiotic treatment  [34–37]. Studies have shown 
that Bayesian theory combined with TDM can accu-
rately monitor the dosage of antibiotics [38, 39].

At the same time, multidisciplinary cooperation can 
also optimize the antibiotic dosing regimen; strength-
ening the cooperation of clinicians, nurses, pharma-
cists, infection departments, microbiology rooms, and 
other departments can greatly improve the efficiency of 
drug delivery  [40]. Richter et  al.  [41] pointed out that 
implementation of TDM in sepsis patients under the 
premise of multidisciplinary cooperation can improve 
the stability of plasma antibiotic levels, shorten the 
treatment time, and improve treatment effective-
ness. After multidisciplinary cooperation, clinicians’ 
decision-making efficiency was elevated by 90%  [42]. 
Another study on the multidisciplinary cooperative 
administration of aminoglycosides showed that ensur-
ing the effective concentration of aminoglycosides also 
reduces the toxicity and side effects of drugs [43].

At present, the best method for ICU physicians to 
optimize antibiotic delivery is to enhance their PK/PD-
based knowledge. Our survey suggested that ICU physi-
cians’ PK/PD knowledge was not satisfactory in China. 
The distribution of antibiotics mainly depends on the 
volume of distribution (Vd) and the binding rate of 
plasma protein (PB). Vd is a theoretical volume affected 
by infection, protein level, and renal function [44]; com-
prehension of Vd is challenging for ICU physicians. The 
plasma protein binding rate is closely associated with 
the protein level in patients  [45]. The efficacy of high 
binding rate is often affected, but it does not attract 

Table 2 (continued)

Question Answer Correct 
answer

Angoff score Pass rate

14. Which of the following antibiotics does not require dose 
adjustment during CRRT?

A. Water-soluble antibiotics
B. Antibiotics with low plasma protein binding rate
C. Antibiotics with high Vd
D. Antibiotics with low molecular weight

C 0.550 75.56%

15. How should one adjust antibiotics with high Pb and low 
Vd during plasma exchange?

A. Extend infusion time
B. Increase dosage
C. Prolong infusion time and increase dosage
D. Prolong interval of plasma exchange

D 0.500 38.31%

Table 3 The details of ICU physicians who attended in 5C 
training programme

Provinces Train-certified 
physicians, (%)

Average score Pass rate (%)

Jiangsu 1808 (9.55) 125.8 100%

Henan 1599 (8.44) 126.5 100%

Guangdong 1428 (7.54) 102.4 44.0%

Sichuan 1293 (6.83) 92.4 44.3%

Zhejiang 1151(6.08) 71.6 32.4%

Shanxi 820 (4.33) 106.1 47.2%

Hebei 800 (4.22) 117.3 91.4%

Shandong 669 (3.53) 85.4 37.2%

Chongqing 653 (3.45) 70.0 28.5%

Yunnan 617 (3.26) 110 76.4%

Hubei 610 (3.22) 93.1 100%

Hunan 598 (3.16) 86.5 100%

Beijing 541 (2.86) 79.4 47.1%

Shanghai 386 (2.04) 90.9 50.0%

Others 5967 (31.50) 95.8 55.5%



Page 11 of 12Mao et al. BMC Medical Education          (2022) 22:173  

ICU physicians’ attention. The half-life of antibiotics is 
affected by the apparent volume of distribution and drug 
clearance [5]. Due to the complicated condition, it is dif-
ficult to calculate the half-life of drugs in patients with 
sepsis in clinical practice; thus, the rate of correct usage 
of antibiotics is low. Additionally, there are several other 
factors that affect PK in septic patients, and it is critical 
to understand the characteristics of antibiotics and com-
prehensively analyse the pathophysiological changes in 
septic patients.

Training is one of the most important approaches to 
enhance ICU physicians’ PK/PD knowledge. Our previous 
research revealed that the success of COVID-19 treatment 
is related to whether medical staff received professional 
training  [46]. In the present survey, the advantages of 
professional training programmes for ICU physicians 
were discussed. The greater the number of participants 
in training programme, the greater the knowledge of PK/
PD. However, there are remarkable gaps between the 5C 
training programme and knowledge-based PK/PD in dif-
ferent regions of mainland China. These results indicate 
that further attention should be paid to enhance ICU phy-
sicians’ knowledge about PK/PD.

This study has some limitations. First, the sample size 
was small, and only 1% of the total Chinese ICU staff were 
included. Second, ICU physicians who participated in the 
survey were from tertiary hospitals, and the number of 
physicians belonging to secondary hospitals was relatively 
limited. Third, the participants were mainly from the 
developed regions of eastern China, and there were fewer 
participants from western regions. Fourth, we contacted 
10,782 ICU physicians through 12th Congress of Chinese 
Society of Critical Care Medicine registry, the sampling 
is not representative, there is a certain randomness in the 
sampling, and the sampling error is large, which can not 
represent the actual situation of the whole country.

Conclusion
ICU physicians’ knowledge of PK/PD is not satisfac-
tory. Improving ICU physicians’ knowledge about PK/
PD is critical. Additionally, further implementation 
of TDM for testing drug concentrations and develop-
ing real-time medication software in conjunction with 
other departments is encouraged.
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