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ABSTRACT
Objectives  The aim of this study was to investigate the 
level of practice of peripherally inserted central catheter 
(PICC) maintenance among nurses in Guizhou province, 
China, and to explore its influencing factors.
Design  Cross-sectional study.
Setting  11 tertiary and 26 secondary hospitals of Guizhou 
province, China.
Participants  A total of 832 nurses engaged in clinical 
work of PICC maintenance participated in the present 
study.
Primary outcome measures  PICC maintenance 
knowledge questionnaire, PICC maintenance attitude 
questionnaire and PICC maintenance practice 
questionnaire were administrated online for measuring 
participants’ knowledge, attitude and practice of PICC 
maintenance, respectively.
Results  The mean score of nurses’ practice of PICC 
maintenance was 79.77±12.13 and 60.8% of participants 
reported acceptable practices of PICC maintenance. The 
availability of PICC guidelines (β=0.10, p=0.002), previous 
training on PICC maintenance (β=0.18, p<0.001) and 
attitudes toward PICC maintenance (β=0.48, p<0.001) 
were significant factors predicting nurses’ practices of 
PICC maintenance. These factors account for 33% of the 
variance in the practice of PICC maintenance.
Conclusion  Nurses’ practice of PICC maintenance in 
Guizhou province was unsatisfactory. Their practice was 
influenced by the availability of PICC guidelines, whether 
or not they received training and their attitudes toward 
PICC maintenance. A province-level PICC maintenance 
alliance is recommended to be established to improve 
the quality of PICC maintenance in Guizhou, which can 
develop or update PICC guidelines, and provide training on 
PICC maintenance regularly for nurses engaging in PICC 
maintenance.

INTRODUCTION
A peripherally inserted central catheter 
(PICC) indicates that the catheter is inserted 
via the peripheral veins (eg, the basilic vein, 
cephalic vein and median cubital vein) into 
the lower third of the superior vena cava or 
subclavian.1–3 PICC has been widely used for 
long-term transfusion, chemotherapy and 

parenteral nutrition since it was introduced 
to China.4–6 It is a reliable form of intrave-
nous access with high patient satisfaction due 
to some advantages, such as easy operation, 
long-term use, avoidance of repeated punc-
tures and reduced vascular damage.5 7–9

With the widespread use of PICC, PICC 
maintenance is of concern during treatment 
intermission for patients. According to the 
expert consensus on venous catheter main-
tenance of the Chinese Nursing Association, 
PICC should be maintained using an aseptic 
technique at least once a week; the mainte-
nance content includes PICC function eval-
uation, infusion connectors and dressings 
replacement, PICC flushing and sealing and 
health education.10 Patients are at risk for 
PICC-associated complications, including 
venous thrombosis, catheter-related blood-
stream infection, phlebitis and mechanical 
complications such as occlusion and migra-
tion if the PICC maintenance is not timely 
and adequate. Any complications may result 
in unplanned extubation, delaying patients’ 
therapy and impacting their physical and 
mental health.8 11

In China, PICC is maintained by nurses. 
Therefore, nurses’ adherence to evidence-
based PICC maintenance is essential to 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ A large sample size of nurses from secondary and 
tertiary hospitals participated in the study.

	⇒ Convenience sampling method was used to recruit 
the participants, which may threaten the represen-
tativeness of the sample and the generalisability of 
study findings.

	⇒ Self-reported questionnaire was applied to assess 
nurses’ practices of peripherally inserted central 
catheter maintenance, which may not accurate-
ly reflect the actual situation because of social 
desirability.
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ensure the care quality of PICC. Previous studies have 
focused on nurses’ knowledge of PICC maintenance.12–19 
However, little was known about their practice. In 2016, 
a survey was conducted to investigate PICC maintenance 
practice among nurses from three tertiary hospitals in 
Beijing. The results revealed that nurses’ practice of 
PICC maintenance was acceptable.20 While these results 
cannot be generalised to other places in China due to 
different situations. In some provinces, a province-level 
PICC maintenance network was established to ensure the 
quality of PICC maintenance.21–23 The PICC maintenance 
network applies unified PICC maintenance quality stan-
dards and provides unified training and assessment to 
nurses at all maintenance sites.22 While in some provinces 
such as Guizhou province, a province-level PICC main-
tenance network had not been established. Therefore, 
whether all nurses engaging in PICC maintenance are 
trained well and adhere to standard PICC maintenance 
remains unknown. Considering the importance of PICC 
maintenance and the different situation of PICC mainte-
nance in Guizhou province, it is imperative to investigate 
PICC maintenance practice among nurses in Guizhou 
province. Thus, the present study aimed to (1) investigate 
nurses’ practice of PICC maintenance in Guizhou prov-
ince and (2) explore its predictors, which may provide 
evidence for improving the quality of PICC care.

METHODS
Study design
A web-based cross-sectional study was conducted in 
secondary and tertiary hospitals in Guizhou province of 
China from 1 July 2022 to 30 July 2022.

Participants
Participants for this study were identified by the following 
criteria: (1) registered nurses (RNs) working in hospitals 
across Guizhou province; (2) RNs engaging in intrave-
nous therapy-related clinical work; (3) RNs having expe-
rience in PICC maintenance; (4) RNs were willing to 
participate in this study. RNs were excluded if they were 
on leave during the data collection period.

Sample size and sampling method
We applied G*Power V.3.1.9.7 to calculate the sample 
size. According to Cohen,24 a sample size of 787 nurses 
was required for multiple linear regression if we estimate 
a small effect size (f2=0.01) with the power of 0.80 at 5% 
level of significance. The participants were recruited 
through convenience sampling.

Variables and measures
The variables for the present study were nurses’ knowl-
edge, attitudes and practice regarding PICC maintenance.

Demographic questionnaire
A researcher-developed questionnaire was used to 
measure nurses’ general characteristics, including age, 
work years, professional title, educational level, hospital 

type, the availability of PICC maintenance guidelines and 
previous experience with PICC maintenance.

PICC maintenance knowledge questionnaire
PICC maintenance knowledge questionnaire was applied 
to measure participants’ knowledge of PICC mainte-
nance.25 The questionnaire consists of 19 items, and all 
items are single-choice questions. A correct answer was 
scored 1 point, and a wrong answer was 0. The total 
score ranged from 0 to 19. The original total score was 
converted using a 100-mark system with the following 
formula: Convert total score=original total score/19×100. 
A cut-off point of 60 was set to interpret whether nurses 
pass or fail the examination.20

PICC maintenance attitude questionnaire
Nurses’ attitudes toward PICC maintenance was deter-
mined by PICC maintenance attitude questionnaire.25 
It includes 17 items and a 4-level Likert scale scores for 
each item (1=strongly disagree, 2=disagree, 3=agree and 
4=strongly agree). The total score ranges from 17 to 68. 
The attitude score was also converted using a 100-mark 
system to present the result. The converted score was cate-
gorised into two levels: ≥80 represented that nurses’ atti-
tudes toward PICC maintenance were satisfactory, while 
<80 indicated unsatisfactory attitudes, in accordance with 
a similar study conducted in China.20

PICC maintenance practice questionnaire
Nurses’ practice of PICC maintenance was measured by 
PICC maintenance practice questionnaire.25 The ques-
tionnaire constructs of 16 items, and 5-level Likert scale 
answers for each item (1=never, 2=seldom, 3=sometime, 
4=often and 5=always). The total score ranges from 16 
to 80. Again, we converted total scores using a 100-mark 
system. A cut-off point of 80 was selected to reflect whether 
nurses’ practice of PICC maintenance was acceptable or 
unacceptable according to a previous study.20

Validity and reliability of PICC maintenance knowledge, 
attitudes and practice questionnaires
PICC maintenance knowledge, attitudes and practice 
questionnaires were developed by Xu25 based on Infu-
sion Therapy Standards of Practice26 released by Infu-
sion Nursing Society and the Nursing Practice Standards 
for Intravenous Therapy27 issued by the National Health 
Commission of the People’s Republic of China in 2013. 
Delphi method was performed to assess the validity of 
questionnaires. The expert panel consisted of 20 experts 
in intravenous therapy and nursing management. Experts 
were asked to assess the importance of each item using 
a 5-Likert scale (1=very unimportant, 2=unimportant, 
3=average, 4=important and 5=very important) and 
to evaluate the relevance of each item using a 4-Likert 
scale (1=not relevant, 2=somewhat relevant, 3=relevant 
and 4=very relevant). In addition, revision suggestions 
for each item from experts were welcomed, and corre-
sponding changes were made. These questionnaire items 
with a mean importance score of ≤3.5, a full importance 
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score (ie, 5 points) ratio of ≤0.8, a coefficient of variation 
of importance score of ≥0.25, or an item-level Content 
Validity Index of <0.78 were removed from the item pool. 
After two rounds of Delphi process, 19 items, 17 items and 
16 items that all experts supported were finally retained 
for PICC maintenance knowledge, attitudes and practice 
questionnaires, respectively. The Scale Content Validity 
Index values for PICC maintenance knowledge, attitudes 
and practice questionnaires were 0.94, 0.98 and 0.99, 
respectively. The reliability of the PICC maintenance 
knowledge, attitudes and practice questionnaires was also 
evaluated among 200 nurses. The Cronbach’s α values 
for PICC maintenance knowledge, attitudes and practice 
questionnaires were 0.71, 0.95 and 0.96, respectively. The 
content of the PICC maintenance knowledge, attitudes 
and practice questionnaires could be accessed from the 
online supplemental material 1–3.

Data collection procedure
The research team collected data from 1 July 2022 to 
30 July 2022. Wen Juan Xing, a widely used electronic 
data collection tool in China, was applied to collect 
data online. Initially, we identified a list of hospitals that 
provide PICC maintenance services in Guizhou prov-
ince. Second, we contacted the nursing directors of those 
hospitals, explained the study purpose and asked for 
their permission and help with data collection. Third, 
we provided uniform training on participant recruit-
ment and data collection procedure to nursing directors 
willing to participate in this study. Subsequently, we sent a 
hyperlink to the online questionnaire, with an e-informed 
consent and introduction for filling out the questionnaire 
to those nursing directors. Finally, those nursing directors 
helped us recruit eligible nurses and instructed them to 
complete the online survey.

To ensure the quality of data collection, we used some 
functions of Wen Juan Xing. We limited the terminal and 
IP address for filling out the questionnaire, which could 
prevent nurses from out of Guizhou province from filling 
in the questionnaire and avoid nurses filling in the ques-
tionnaire repeatedly. Furthermore, we set the property 
that incomplete questionnaires cannot be submitted to 
avoid missing data.

Data analysis
Descriptive statistics were used to analyse participants’ 
characteristics. Univariate and multiple regression anal-
yses were performed to determine how much each vari-
able contributed to PICC practice. Before performing 
univariate analyses, the normality and homogeneity of 
variance (HoV) assumptions for PICC maintenance prac-
tice scores were checked. The results showed that the data 
were normally distributed. The assumption of HoV for 
practice scores categorised by participants’ demographic 
characteristics and PICC-related characteristics were not 
met except for PICC maintenance practice scores catego-
rised by hospital grade and PICC attitude level. Therefore, 
an independent t-test was applied to test the difference 

in PICC practice scores categorised by hospital grade and 
PICC attitude level. In contrast, the Mann-Whitney test 
or Kruskal-Wallis test was used to test the difference in 
PICC practice scores categorised by the rest demographic 
characteristics. Significant variables from the univariate 
analyses were then entered simultaneously into the stan-
dard multiple regression analysis. Independent variables, 
except age, work year, PICC knowledge and PICC attitude, 
were transformed as dummy variables with codes (gender: 
0=male, 1=female; professional title: 0=nurse or senior 
nurse, 1=supervision nurse or co-chief nurse or chief 1 
nurse; educational level: 0=specialised secondary school or 
junior college, 1=undergraduate or above; hospital type: 
0=secondary hospital, 1=tertiary hospital; the availability 
of PICC maintenance guideline: 0=no, 1=yes; previous 
experience of training on PICC maintenance: 0=no, 
1=yes). The data met normality, linearity, homoscedas-
ticity, multicollinearity and autocorrelation assumptions. 
All data were analysed by SPSS software V.23 (IBM Corp, 
Armonk, New York, USA). Significance was set at p<0.05.

Patient and public involvement
Patients and the public were not engaged in the design, 
implementation and dissemination plans of this study.

RESULTS
Demographic characteristics of participants
Eleven tertiary and 26 secondary hospitals participated in 
this study. One thousand five hundred and nity-six eligible 
nurses were invited to participate in the survey, and 832 
completed and submitted the questionnaire voluntarily, 
with a response rate of 52.1%. Table 1 presents the demo-
graphic characteristics of the participants. The mean age 
of the participants was 32.05±6.03 years. Most of them 
were women (n=772, 92.8%), had a bachelor’s and above 
degree (n=645, 77.5%) and with a professional title of 
nurse or senior nurse (n=579, 69.6%). In total, 67.1% of 
the participants had worked for more than 5 years, and 
55.6% worked in tertiary hospitals. The majority (n=764, 
91.8%) reported that they had guidelines for PICC main-
tenance in their workplace and 83.9% had experience in 
PICC maintenance training (table 1).

Level of knowledge, attitudes and practice of PICC 
maintenance
The results showed that the average scores for knowl-
edge, attitudes and practices of PICC maintenance were 
53.57±13.80, 89.93±11.25 and 79.77±12.13, respectively. 
A total of 29.6% of participants had sufficient under-
standing of PICC maintenance, 68.5% of participants 
held positive attitudes toward PICC maintenance and 
60.8% of participants reported acceptable practices of 
PICC maintenance (table 2).

Univariate analysis of practice regarding PICC maintenance by 
demographic characteristics, PICC maintenance knowledge 
and PICC maintenance attitudes
As shown in table  3, the univariate analysis revealed a 
significant difference in the practice of PICC maintenance 
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among nurses of different ages (p<0.05), professional 
titles (p<0.01) and educational levels (p<0.01). In addi-
tion, nurses working in a tertiary hospital, having access 
to PICC maintenance guidelines in their workplace, 
having training experience in PICC maintenance, or 
having better knowledge and attitudes toward PICC 
maintenance had significantly higher scores of practices 
regarding PICC maintenance (all p<0.001).

Multiple regression analysis of factors contributing to practice 
of PICC maintenance
In the multiple regression analysis, age, professional title, 
educational level, hospital type, the availability of PICC 
maintenance guidelines in the workplaces, previous expe-
rience of training on PICC maintenance, knowledge and 
attitudes toward PICC maintenance totally accounted for 
33.0% of the variance in practices of PICC maintenance 

(R2=0.33, F (8, 823)=50.51, p<0.001). Only the availability 
of PICC guidelines (β=0.10, p=0.002), previous training 
on PICC maintenance (β=0.18, p<0.001) and attitudes 
toward PICC maintenance (β=0.48, p<0.001) were signif-
icant determinants of the practices of PICC maintenance 
(table 4).

DISCUSSION
This study investigated the level of practice of PICC 
maintenance and explored its influencing factors among 
nurses in Guizhou province. It revealed that partici-
pants’ practice of PICC maintenance was unacceptable. 
The availability of PICC guidelines, previous training on 
PICC maintenance and attitudes toward PICC mainte-
nance were significant predictors for PICC maintenance 
practice. These results indicated that nursing managers 
should pay attention to the quality of PICC maintenance. 
Strategies to improve nurses’ practices of PICC mainte-
nance are essential.

Nurses’ practice of PICC maintenance was unaccept-
able, with a mean score of 79.77±12.13 and only 60.8% of 
participants reported acceptable practices (ie, more than 
80) of PICC maintenance. Compared with the results that 
all participants had good practices of PICC maintenance 
from a previous study,20 the present situation was not 
satisfactory.

This significant discrepancy may be related to different 
participants recruited. The previous study only included 
nurses from tertiary hospitals,20 while our study involved 
both nurses from tertiary and secondary hospitals. Nearly 
40% of participants performed unsatisfactorily in PICC 
maintenance, although 83.9% reported receiving PICC 
maintenance training. This finding suggests that the 
training effect may be unsatisfactory, and more attention 
needs to be paid to improve training quality and effective-
ness. The nursing managers in Guizhou province should 

Table 1  Demographic characteristics of participants 
(N=832)

Characteristics n %

Gender

 � Women 772 92.8

 � Men 60 7.2

Age (years)
(M=32.05, SD=6.03, min–max=20–58)

 � 20–29 321 38.6

 � 30–39 417 50.1

 � 40–49 78 9.4

 � 50–59 16 1.9

Work year
(M=9.28, SD=6.25, min–max=1–36)

 � <2 74 8.9

 � 2–5 200 24

 � 5–10 (not include 5) 277 33.3

 � >10 281 33.8

Professional title

 � Nurse or senior nurse 579 69.6

 � Supervision nurse or co-chief nurse or chief nurse 253 30.4

Educational level

 � Specialised secondary school or junior college 187 22.5

 � Undergraduate or above 645 77.5

Hospital type

 � Secondary hospital 369 44.4

 � Tertiary hospital 463 55.6

The availability of PICC maintenance guideline in the workplace

 � Yes 764 91.8

 � No 68 8.2

Previous experience of training on PICC maintenance

 � Yes 698 83.9

 � No 134 16.1

%, percentage.; M, mean; max, maximum; min, minimum; n, 
frequency; PICC, peripherally inserted central catheter.

Table 2  Level of knowledge, attitudes and practices of 
PICC maintenance (N=832)

Level n %

Knowledge
(M=53.57, SD=13.80, min–max=15.79–94.74)

 � Pass (≥60) 246 29.6

 � Fail (<60) 586 70.4

Attitude
(M=89.93, SD=11.25, min–max=33.82–100)

 � Positive (≥80) 570 68.5

 � Negative (<80) 262 31.5

Practice
(M=79.77, SD=12.13, min–max=40–100)

 � Acceptable (≥80) 506 60.8

 � Unacceptable (<80) 326 39.2

%, percentage; M, mean; max, maximum.; min, minimum; n, 
frequency; PICC, peripherally inserted central catheter.
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provide more training opportunities to ensure all nurses 
engaging in PICC maintenance are trained well. At the 
same time, they are recommended to take strategies to 
guarantee the effectiveness of PICC training, including 
dynamic assessment and training and exploration of new 
training models.

The availability of PICC guidelines was a significant 
factor in practices of PICC maintenance. Nurses who 

work in a unit where PICC guidelines are available are 
more likely to perform well in PICC maintenance. We 
did not find similar findings in previous studies. This 
finding could be attributed to the fact that guidelines 
provide nurses with existing evidence of PICC main-
tenance, promoting them to provide evidence based 
PICC maintenance for patients rather than providing 
nursing care based on personal experience. From this, we 

Table 3  Univariate analysis of practice of PICC maintenance by demographic characteristics of participants, knowledge of 
PICC maintenance and attitudes toward PICC maintenance (N=832)

Characteristics

M±SD

Statistics P value(Md±IQR)

Gender 1.26e 0.84

 � Women 79.62a±12.14b

 � Men 81.67a±11.86b

Age (years) 9.66f 0.022*

 � 20–29 80.00c±18.75d

 � 30–39 80.00c±15.00d

 � 40–49 82.50c±13.13d

 � 50–59 89.38c±13.44d

Work year 3.85f 0.278

 � <2 80.00c±19.06d

 � 2–5 80.00c±19.69d

 � 5–10 80.00c±15.00d

 � >10 81.25c±15.00d

Professional title −2.74g 0.006**

 � Nurse or senior nurse 80.00c±17.50d

 � Supervision nurse or co-chief nurse or chief nurse 81.25c±13.75d

Educational level −3.03g 0.002**

 � Specialised secondary school or junior college 80.00c±20.00d

 � Undergraduate or above 80.00c±15.63d

Hospital type −3.69e <0.001

 � Secondary hospital 78.04a±11.88b

 � Tertiary hospital 81.14a±12.17b

The availability of PICC maintenance guideline in the workplace −4.94g <0.001

 � Yes 80.00c±16.25d

 � No 73.13c±20.94d

Previous experience of training on PICC maintenance −7.01g <0.001

 � Yes 81.25c±14.06d

 � No 71.25c±20d

Knowledge of PICC maintenance −4.66g <0.001

 � Fail (<60) 80.00c±17.50d

 � Pass (≥60) 82.50c±12.81d

Attitudes toward PICC maintenance −14.88e <0.001

 � Negative (<80) 71.57a±10.91b

 � Positive (≥80) 83.54a±10.73b

aMean, bSD, cmedian, dIQR, et: independent t-test, fH: Kruskal-Wallis test, gZ: Mann-Whitney test. *P value<0.05, **p<0.01.
M, mean; Md, median; PICC, peripherally inserted central catheter.
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recommended nursing managers take strategies to make 
it easy for nurses to access PICC guidelines, which allows 
them to perform PICC maintenance under guidance.

The previous training experience in PICC mainte-
nance was also identified as the factor predicting nurses’ 
practice of PICC maintenance. This finding indicates 
that nurses who have received training on PICC main-
tenance had better performance in PICC maintenance 
than those who had not received training on PICC main-
tenance. This finding was inconsistent with that of the 
previous study, which revealed that nurses’ practices of 
PICC maintenance were not affected by the experience 
of PICC training.20 We believe that training could provide 
nurses with first-hand information on PICC maintenance, 
enhancing their cognition and capability of PICC mainte-
nance. The findings from a previous study confirmed the 
importance of training, highlighting that training could 
improve nurses’ practice of PICC maintenance.28

Attitudes toward PICC maintenance were also the 
factor influencing nurses’ practices of PICC mainte-
nance. Participants who hold more positive attitudes 
toward PICC maintenance had higher scores on PICC 
maintenance practices. This finding was consistent with 
that of a previous study, which revealed that attitudes 
toward PICC maintenance were a predictor in practices 
of PICC maintenance.25 The positive attitudes toward an 
issue motivate positive behaviour regarding the matter.29 
Only when nurses realise the importance of PICC main-
tenance for patients, the consequences of improper PICC 
maintenance and their role in PICC maintenance, can 
they make the best use of their knowledge to improve 
their PICC maintenance practices level.

One unexpected finding of our study was that knowledge 
was not a significant predictor in nurses’ practices of PICC 

maintenance. Theoretically, knowledge is the basis and 
prerequisite for forming optimal behaviour.29 This unex-
pected finding may be affected by some barrier factors that 
prevent nurses from accurately applying the knowledge 
they have acquired to practice, such as workforce shortage, 
heavy workload and PICC maintenance relevant resources 
shortage. These factors might lead nurses to simplify the 
practice process even though they have sufficient knowl-
edge. Future research should further explore the barriers to 
nursing practice at the organisational level in order to better 
predict and improve the quality of care.

In summary, the practice of PICC maintenance among 
nurses in Guizhou province was not acceptable. Its predictors, 
including guidelines, training and nurses’ attitudes should be 
considered when developing interventions to improve the 
quality of PICC maintenance. The present study contributed 
to the understanding of the practice of PICC maintenance and 
its influencing factors. The findings could provide information 
for developing tailored interventions to improve the quality 
of PICC maintenance. However, there were some limitations. 
First, we applied a convenience sampling method to recruit 
the participants, which may lead to selection bias, threatening 
the representativeness of the sample and the generalisability 
of study findings. Second, a self-reported questionnaire was 
used to assess nurses’ practices of PICC maintenance; thus, the 
results might be affected by social desirability. Future studies 
should measure nurses’ practice in a more accurate form, such 
as using the observation method. Third, all participants were 
recruited from Guizhou province, China; the finding may not 
apply to nurses in other regions. Finally, the present study failed 
to consider potential factors of PICC maintenance practice at 
the organisational level, such as workforce shortage, workload 
and relevant resources shortage. Further studies are needed to 
explore other predictors of PICC maintenance practice.

Table 4  Multiple regression analysis of factors contributing to practice of PICC maintenance (N=832)

Predictor variables

Unstandardised coefficient Standardised coefficient

T P valueB SE β

Age 0.07 0.08 0.04 0.95 0.344

Professional title * −0.89 1.04 −0.03 −0.86 0.391

Educational level * 0.16 0.86 0.01 0.18 0.854

Hospital type * 0.18 0.72 0.05 1.64 0.101

The availability of PICC maintenance guidelines 
in the workplace *

3.36 1.06 0.10 3.18 0.002†

Previous experience of training on PICC 
maintenance *

4.20 1.32 0.18 6.15 <0.001

Knowledge of PICC maintenance 0.02 0.03 0.03 0.89 0.377

Attitudes toward PICC maintenance 0.52 0.03 0.48 16.08 <0.001

Full model: R²=0.33; F (8, 823)=50.51; p<0.001; constant=19.81.
*Dummy coded variables: (gender: 0=male, 1=female; professional title: 0=nurse or senior nurse, 1=supervision nurse or co-chief nurse or 
chief nurse; educational level: 0=specialised secondary school or junior college, 1=undergraduate or above; hospital type: 0=secondary 
hospital, 1=tertiary hospital; the availability of PICC maintenance guideline in the workplace: 0=no, 1=yes; previous experience of training on 
PICC maintenance: 0=no, 1=yes).
†P value<0.01.
PICC, peripherally inserted central catheter.
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CONCLUSION
In conclusion, the situation of PICC maintenance in 
Guizhou province was unsatisfactory. Only 60.8% of 
nurses’ performance in PICC maintenance was accept-
able. Nurses’ practices of PICC maintenance were mainly 
affected by the availability of PICC guidelines, the training 
on PICC maintenance and nurses’ attitudes toward PICC 
maintenance. Based on these findings, we have some 
recommendations for improving the quality of PICC main-
tenance in Guizhou province. We recommended that the 
government, nursing associations and large-scale hospi-
tals of Guizhou province establish a province-level PICC 
maintenance alliance, covering all hospitals introducing 
PICC technology or engaging in PICC maintenance. 
The alliance should take responsibility for developing or 
updating PICC guidelines, providing training on PICC 
maintenance regularly and developing programmes to 
enhance nurses’ attitudes toward PICC maintenance, 
improving nurses’ practices of PICC maintenance and 
ensuring the quality of PICC maintenance.
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Supplementary Material 1. Peripheral Inserted Central Catheter Maintenance Knowledge 

Questionnaire  

 

1. Which of the following is the content of PICC maintenance? 

A. Replace the transparent dressing and infusion connector. 
B. PICC flushing and sealing. 
C. Observe the patient's general condition and local condition of puncture point. 
D. All above. (Correct answer) 

2. Which of the following are the preferred disinfectant and correct disinfection range 
for skin disinfection when replacing the dressing? 

A. 0.4% iodophor; 10cm above and below the puncture point, both sides to the 
arm's edge. 

B. 70% alcohol; 15 cm above and below the puncture point, both sides to the arm's 
edge. 

C. >0.5% chlorhexidine alcohol solution; 10cm above and below the puncture 

point, both sides to the arm’ edge. (Correct answer) 
D. 2% tincture of iodine; 15 cm above and below the puncture point, both sides to 

the arm's edge. 
3. Which of the following is the incorrect method of tearing the film when replacing 

it? 

A. From outer edge to center. 
B. The catheter at the puncture point should be fixed when tearing the film. 
C. From top to bottom. (Correct answer) 
D. From bottom to top. 

4. Which of the following is the wrong time to replace the transparent dressing and 
infusion connector? 

A. Replace infusion connector daily. (Correct answer) 
B. Replace gauze dressing every 2 days. 
C. Replace the transparent dressing and infusion connector every 5-7 days. 
D. Replace the connector after removing it for any reason. 

5. Which of the following is the incorrect method of sterilizing the spiral part when 
replacing the infusion connector? 

A. Mechanical rubbing in the same direction for 15 seconds. 
B. Disinfection in the same direction for 10-15 turns. 
C. Mechanical rubbing in forward and reverse directions for 5-15 seconds. 

(Correct answer) 
D. Positive and negative rubbing sterilize 10-15 turns.  

6. What type of flushing fluid should be used after the infusion of blood products and 
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fat emulsions? And what is the minimum volume? 

A. Normal saline; 10ml. (Correct answer) 
B. Hypertonic brine; 5ml. 
C. Normal saline; 20ml. 
D. Heparin saline (10u/ml); 5ml. 

7. Which of the following is the correct type and volume of sealing fluid when 
maintaining PICCs? 

A. Normal saline; at least 2 times the sum of the catheter volume plus the additional 
device volume. 

B. Heparin saline 125u/ml; at least 2 times the sum of the catheter volume plus the 
additional device volume. 

C. Heparin saline 100u/ml; at least 1.2 times the sum of the catheter volume plus 
the additional device volume. 

D. Heparin saline 0-10u/ml; at least 1.2 times the sum of the catheter volume plus 
the additional device volume. (Correct answer) 

8. What kind of techniques should be used for tube flushing and locking when 
maintaining PICCs? 

A. Pulsed flushing the tube, sealing the tube with positive pressure. (Correct 
answer) 

B. Flushing the tube with positive pressure, pulsed sealing the tube. 
C. Flushing and sealing the tube with positive pressure. 
D. Pulsed flushing and sealing the tube. 

9. Which of the following is the incorrect intervention if PICC is accidentally 
completely dislodged? 

A. Observe the scale and integrity of the catheter. 
B. Observe the punctured point for hematoma and bleeding. 
C. Immediate re-tubing. (Correct answer) 
D. Disinfect the puncture site and cover with a sterile dressing. 

10. Which of the following is the correct intervention for PICC occlusion? 

A. Remove the PICC directly. 
B. Pressurized infusion of heparin saline.  

C. Push normal saline with 5ml syringe. 
D. Thrombolysis of blood coagulation blockage with 5000u/ml of urokinase. 

(Correct answer) 
11. Which of the following is the preferred auxiliary examination for PICC-related 

thrombosis? 

A. Vascular ultrasound. (Correct answer) 
B. X-rays. 
C. Cardiac ultrasound. 
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D. CT Scan. 
12. Which of the following is the correct preventive measure for PICC-related 

infections? 

A. Strictly implement the five indications of hand hygiene. 
B. Preventing intracatheter thrombosis. 
C. Perform professional and standardized PICC maintenance regularly. 
D. All above. (Correct answer) 

13. Which of the following is the incorrect intervention for PICC breakage in vitro? 

A. Remove the catheter directly. 
B. Repair catheter with spare connector. (Correct answer) 
C. Report to the doctor and head nurse. 
D. Re-x-ray to determine catheter tip position. 

14. which of the following is the first intervention for PICC breakage in vivo? 

A. Ligation of the vessel with a pressure band at the highest part of the upper arm 
on the side of the indwelling catheter. (Correct answer) 

B. Immediate chest x-ray to confirm the location of the disconnected end of the 
catheter. 

C. Intravenous dissection for removal. 
D. Removal by grasper in the catheterization chamber. 

15. Which of the following is the incorrect intervention for phlebitis? 

A. Use hesperidin sodium gel 20g+dexamethasone 20mg for topical application. 
B. Elevate the affected limb to promote venous return. 
C. Apply magnesium sulfate 200ml+dexamethasone 20mg mixture as a wet 

compress. 
D. Remove PICC catheter, notify physician and record. (Correct answer) 

16. Which of the following is the correct intervention for contact dermatitis? 

A. Remove the catheter immediately.  

B. Use a hydrocolloid dressing and change every week. (Correct answer) 
C. Change to gauze dressing and change every week. 
D. Do not use anti-allergy drugs. 

17. Which of the following is not true related to health education for discharged patients 
with PICC? 

A. The PICC can be left in place for 1 year. During the interval of treatment, 
catheter maintenance should be carried out once a month. During daily life, 
attention should be paid to whether the puncture point is redness, swelling, pain, 
and dampness. (Correct answer) 

B. Elevate the arm with the PICC and avoid weight and pressure on the arm. 
C. Keep the area clean and dry, do waterproof treatment before showering, ask the 

nurse to help replace the film if it is curled, loose or wet, do not tear off the film 
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without permission. 
D. The arm on the side of the PICC can make a fist, rotate the wrist, etc., and cannot 

do sports such as jumping rope, weight lifting, swimming, push-ups, etc., as 
well as household chores such as carrying water and children. 

18. Which of the following is the wrong operation when removing the PICC? 

A. When approaching the puncture point, ask the patient to hold his breath, cover 
the top of the puncture point with sterile gauze with one hand, pinch the catheter 
with the other hand and pull out quickly in parallel. 

B. When approaching the puncture point, ask the patient to breathe deeply, cover 
the puncture point with sterile gauze with one hand, pinch the catheter with the 
other hand and pull out quickly in parallel. (Correct answer) 

C. Keep a tourniquet handy. 
D. Close the puncture hole with sterile gauze or a patch for at least 24 hours after 

extubation to prevent infection and air embolism. 
19. If the patient suddenly develops signs and symptoms such as dyspnea, chest pain, 

hypotension, dysphoria, and sweating in the process of PICC removal, which of the 
following is the incorrect intervention? 

A. Absolute bed rest with elevated bed head. 
B. Inform the doctor and follow medical advice on anticoagulation. 
C. EKG / blood gas analysis / lung CTA. 
D. Intermittent low-flow oxygen intake. (Correct answer) 
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Supplementary Material 2. Peripheral Inserted Central Catheter Maintenance 
Attitude Questionnaire 

 

NO. Item 

St
ro

ng
ly

 d
isa

gr
ee

 

D
isa

gr
ee

 

A
gr

ee
 

St
ro

ng
ly

 a
gr

ee
 

1 Patients with PICC need regular catheter 
maintenance during both the treatment period and 
the treatment intermission. 

    

2 There is a correlation between indwelling time and 
the timely and correct PICC maintenance. 

    

3 Timely and correct PICC maintenance can reduce 
the occurrence of PICC related complications. 

    

4 PICC maintenance needs to be performed according 
to a standardized process. 

    

5 Strict aseptic procedures in the process of PICC 
maintenance is essential to prevent PICC-related 
infections. 

    

6 Choosing the right disinfectant and disinfection 
range is important to prevent PICC-related 
infections. 

    

7 Using the correct flushing and locking techniques is 
essential to prevent PICC occlusion. 

    

8 A comprehensive and systematic catheter function 
assessment contributes to the early identification of 
PICC-related complications. 

    

9 Effective health education for patients with PICC 
contributes to PICC self-management. 

    

10 Nurses are responsible to provide education on PICC 
daily management for patients with PICC and their 
caregivers. 

    

11 Nurses can play an important role in catheter 
maintenance for discharged patients with PICC. 

    

12 It’s necessary for nurses to master the knowledge of 
PICC maintenance and complication management. 
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13 Nurses need to master the PICC maintenance 
technique to better meet the needs of discharged 
patients with PICC. 

    

14 Participation in PICC maintenance training is 
important for nurses to improve relevant knowledge 
and skills. 

    

15 PICC maintenance training should be conducted 
regularly. 

    

16 I am interested in learning knowledge of PICC 
maintenance. 

    

17 I am willing to take an active part in PICC 
maintenance training.  
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Supplementary Material 3. Peripheral Inserted Central Catheter Maintenance 
Practice Questionnaire 

 

NO. Item 

N
ev

er
 

Se
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im
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n 

A
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1 I take the initiative to learn the background 
knowledge and development status of PICC 
maintenance technology.  

     

2 I proactively follow the promotion of PICC 
maintenance technology. 

     

3 I am familiar with the types and specifications 
of PICC catheters. 

     

4 I learn about PICC maintenance and 
management of complications through 
electronic resources such as online databases 
and professional journals. 

     

5 I take the initiative to participate in the training 
related to PICC maintenance organized by the 
department and the hospital. 

     

6 I identify risk factors for PICC-related 
complications for patients with PICC.  

     

7 I provide targeted education to patients with 
PICC on maintenance related knowledge. 

     

8 I follow a standardized process for PICC 
maintenance no matter with or without 
supervision. 

     

9 I strictly follow the principle of asepsis when 
performing PICC maintenance. 

     

10 I master PICC flushing and sealing techniques.      

11 I can select the correct type and amount of 
PICC flushing and sealing fluids for patients.  

     

12 I can select the correct disinfectant solution 
and disinfection area when disinfecting the 
skin.  

     

13 I can correctly time the change of transparent 
dressings and connectors. 
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14 When performing PICC maintenance, I assess 
the limb inserted with catheter to determine if 
there are any PICC-related complications. 

     

15 I properly manage various PICC-related 
complications.  

     

16 I indicate the date of maintenance and record 
relevant information in long-term care booklet 
after performing PICC maintenance.  
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