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Abstract

Background The post-insertion maintenance of central venous catheters(CVCs)is a common, vital procedure
undertaken by nurses. Existing literature lacks a comprehensive review of evidence adoption for CVCs post-insertion
maintenance specifically within the oncology context. This investigation assessed evidence-based practice by
oncology nurses in the care of CVCs, elucidating facilitators and obstacles to this adoption process.

Methods This was a sequential explanatory mixed methods study, executed from May 2022 to April 2023, adhering
to the GRAMMS checklist. The study commenced with a cross-sectional study through clinical observation that
scrutinized the adoption of scientific evidence for CVC maintenance, analyzing 1314 records from five hospitals

in China. Subsequently, a semi-structured, in-depth interview with nurses based on the i-PARIHS framework was
conducted to ascertain facilitators and barriers to evidence adoption for CVCs post-insertion maintenance. Fifteen
nurses were recruited through purposive sampling. Descriptive statistics were used to summarize quantitative data,
while content analysis was used to analyze qualitative data.

Results An overall compliance rate of 90.0% was observed; however, two domains exhibited a lower adoption rate
of less than 80%, namely disinfection of infusion connector and disinfection of skin and catheter. Three barriers and
two facilitators were discerned from the interviews. Barriers encompassed (1) difficulty in accessing the evidence, (2)
lack of involvement from nurse specialists, and (3) challenges from internal and external environments. Facilitators
comprised (1) the positive attitudes of specialist nurses toward evidence application, and (2) the formation of a team
specializing in intravenous therapy within hospitals.

Conclusion There exists a significant opportunity to improve the adoption of evidence-based practices for CVC
maintenance. Considering the identified barriers and facilitators, targeted interventions should be conceived and
implemented at the organizational level to augment oncology evidence-based practice, especially the clinical
evidence pertinent to infection control protocols.
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Background

Catheter technology has evolved to accommodate the
multifaceted medical necessities of disparate patient
populations [1]. Central venous catheters (CVCs) instru-
ments essential for chemotherapy, parenteral nutrition,
hemodynamic monitoring, and other interventions, are
often inserted into oncology patients [2, 3]. This inser-
tion disrupts skin integrity, thereby heightening the sus-
ceptibility of patients to infections. Concurrently, the
immunosuppression engendered by chemotherapy and
radiotherapy [4, 5], amplifies the risk for CVC-associated
complications, such as bloodstream infection, throm-
bosis, and catheter malfunction [3]. The estimated inci-
dence of CVC-related infections in oncology patients
ranges from 0.5 to10 per 1000 CVC-days [6, 7], with vari-
ations in the incidence of CVC-associated thrombi rang-
ing from 27 to 66%, when assessed by routine screening
venography [3, 8]. Unforeseen catheter removal neces-
sitated by these complications, can induce anxiety, pain,
helplessness, and apprehension regarding subsequent
catheter injection [9].

Post-insertion management is pivotal in circumvent-
ing catheter-related complications, including infec-
tions, thromboses, and mechanical injuries. Numerous
institutions and regulatory bodies have promulgated
recommendations and guidelines to mitigate these
complications [10-12]. Despite the critical nature of
adherence to these protocols in clinical environments,
compliance among healthcare professionals is fre-
quently suboptimal, as evidenced by studies indicating
merely 60% adherence to guidelines pertaining to CVC
post-insertion management [13]. Remarkably, no extant
research has reviewed nursing compliance for post-inser-
tion management of CVCs within the context of Chinese
oncology patients.

Evidence-based practice, a cornerstone of clinical care
across various countries, including China, demands a
progressive and time-consuming adoption process by
healthcare professionals. Existing literature underscores
a temporal span of 17 years for research findings to be
integrated into clinical routines [14], with only half even-
tually achieving widespread acceptance [15]. Evidence-
based nursing emphasizes that nurses should not only
identify and implement best practices for patients, but
also integrate these practices with their clinical experi-
ence [16]. This paradigm emphasizes that nurses should
synergize best-evidence practice with clinical experience,
ensuring that implementation is a confluence of optimal
evidence and consideration of patient’s unique situation,

medical requirements, resource accessibility, environ-
mental conditions, collaborative dynamics, and potential
hindrances [17, 18].

Examined through the lens of implementation science,
the adoption of clinical practice guidelines for CVCs
encounters various challenges and obstructions. These
include the inherent complexity of the evidence, the mul-
tifaceted nature of the healthcare environment, financial
constraints, personnel receptivity, and organizational
policies [19-21]. Ascertaining facilitators and barriers
to evidence adoption for CVCs post-insertion mainte-
nance represents an essential and foundational step in
transmuting optimal evidence into tangible clinical prac-
tice. In this context, the i-PARIHS (integrated Promoting
Action on Research Implementation in Health Services)
framework serves as a prominent model in implementa-
tion science, illustrating pathways for successful guide-
line promotion and assimilation within clinical settings,
by focusing on innovation, recipients of change and con-
text, as well as facilitation impacts [22, 23].

The i-PARIHS framework was employed to navigate
our qualitative interview, delineating the facilitators and
barriers to compliance with the evidence-based practice
in post-insertion maintenance for CVCs within onco-
logical contexts. This framework, multi-dimensional in
its construct, elucidates the modalities through which
successful promotion and implementation of guidelines
may transpire in clinical environments [24]. Within the
i-PARIHS framework, four core components are instru-
mental for translating evidence into practice. These
components are encapsulated in the framework’s core
conceptual equation: SI=Facn(I+R+C) (SI: Success-
ful Implementation of evidence; Facn: Facilitation; I:
Innovation; R: Recipients; C: Context) [25]. Within this
equation, ‘innovation’ encompasses not only the inter-
vention itself, but also the underlying evidence inform-
ing it. ‘Recipients’ denote those individuals or collectives
affected by or exerting influence over the implementation
process, while ‘context’ integrates both the internal and
external environmental variables. Additionally, ‘facilita-
tion’ alludes to specific elements that may expedite the
translation of evidence-based practice [25-27]. The suc-
cessful implementation of evidence into clinical practice
is conceptualized as a resultant synthesis of innovation,
recipients, context, and facilitation [27]. In oncology
nursing, the i-PARIHS framework can assist cancer
nurses in exploring the determinants of evidence-based
nursing and integrating the best evidence or innovations
into clinical settings, enabling cancer nurses to deliver
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high-quality supportive cancer care through facilitat-
ing factors such as multidisciplinary cooperation and
resource integration. For example, Roberts et al [28] con-
ducted a descriptive mixed method in supportive cancer
care and evaluated the utility of the i-PARIHS frame-
work for introducing patient-reported outcome mea-
sures into oncology patients. In the qualitative segment
of this investigation, we sought to harness the i-PARIHS
framework to dissect the nuanced interplay of these com-
ponents, thereby enriching our comprehension of the
implementation dynamics governing post-insertion man-
agement for CVCs within oncological settings.

Presently, literature is deficient in studies investigat-
ing the adoption of scientific evidence in post-insertion
management for CVCs within the Chinese oncology
nursing community. Moreover, few have applied the
i-PARIHS framework for evaluation purposes [25, 29,
30]. To redress this scholarly deficiency, the present
study endeavored to appraise the adoption of scientific
evidence in post-insertion management for CVCs by
oncology nurses in China. Crucially, we harnessed the
i-PARIHS framework to delineate facilitators and barri-
ers to evidence adoption for CVCs post-insertion mainte-
nance, employing qualitative interviews, as an exemplary
method to garner profound insights into these influential
factors.

Methods

Design

This investigation comprised a sequential explanatory
mixed-methods study spanning multiple centers, con-
ducted between May 2022 to April 2023. It commenced
with a cross-sectional study from May 2022 to Janu-
ary 2023, followed by a qualitative study from February
2023 to April 2023. In the qualitative phase, a deductive
method based on the i-PARIHS framework was used to
explore barriers and facilitators to evidence adoption
for CVCs post-insertion maintenance. Compliance with
the GRAMMS checklist was maintained throughout the
process.

Sample and sampling

The parallel mixed methods sampling [31] and purpo-
sive sampling strategy were used to select suitable par-
ticipants, the informants of the interview were a subset
of the quantitative study. For the quantitative part, nurses
who fulfilled this inclusion criteria were included: caring
patients having an established cancer diagnosis with a
CVC, defined as a catheter introduced into the internal
jugular vein, subclavian vein, or femoral vein. Regard-
ing the qualitative study, the inclusion criteria for infor-
mants were: (1) involvement in the observation study; (2)
completion of national or provincial specialized intrave-
nous nurse training courses (exceeding 3 months) and
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attainment of corresponding qualifications; (3) registra-
tion as nurses delivering intravenous therapy for a period
surpassing 5 years post-qualification; (4) direct care pro-
vision to cancer patients; and (5) voluntary participa-
tion in the interviews with informed consent. Exclusion
criteria were applied to nurses who had resigned from
hospital settings. Data saturation was realized upon con-
ducting interviews with 15 informants.

Setting and data collection

The investigation encompassed oncology wards across
five hospitals in China, namely Henan Cancer Hospi-
tal, Zhengzhou Central Hospital, Luohe Central Hos-
pital, Sanmenxia Central Hospital, and Pingdingshan
Hospital. Each of these tertiary-level hospitals housed
approximately 1000-3000 beds. All CVCs within these
institutions were positioned by designated venous cath-
eterization centers following a uniform protocol. Addi-
tionally, oncology ward nurses underwent specific
training on the post-insertion management of CVCs.

In the quantitative phase, to assess the evidence adop-
tion for CVCs post-insertion maintenance within oncol-
ogy wards, an audit team was formed, which comprised
five nursing managers and ten intravenous therapy nurse
specialists from five research centers. The audit members
were from different parts of different organizations and
had no working relationship with the nurses being evalu-
ated. The research team also devised an audit checklist to
scrutinize the adoption of scientific evidence in the post-
insertion management of CVCs and conducted clinical
observation. The audit checklist encompassed 30 items,
stratified into 10 distinct domains: (1) hand hygiene, (2)
assessment, (3) infusion connector disinfection, (4) infu-
sion connector replacement, (5) infusion device replace-
ment, (6) confirmation of in-situ catheter, (7) catheter
and skin disinfection, (8) catheter dressing and fixation,
(9) flushing, and (10) catheter covering. Supplementary
file 1 delineates the checklist in detail. All participating
oncology nurses were subsequently assessed through
clinical observation utilizing this checklist to ascertain
their adherence to scientific evidence in post-insertion
management. Audit criteria were dichotomized, with
“yes” signifying compliance with recommended practice,
and “no” indicating deviation therefrom. The evaluation
commenced with the audit team screening the medi-
cal records of all patients within the oncology wards.
Upon identification of patients diagnosed with can-
cer and inserted with CVC, a designated audit member
came to the ward to appraise the adherence to scientific
evidence in post-insertion management of CVCs by the
patient’s primary nurse, utilizing the checklist via clinical
observation.

In the qualitative phase, a series of in-depth semi-
structured interviews were administered by the first
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author, who was a nursing manager and hailed from dif-
ferent departments with the informants. All informants
will be informed of the quantitative findings before the
interview to ensure the continuity of the two research
phases. The interviews were conducted either face-to-
face in a meeting room of the informants’ ward or online
(e.g. WeChat video calls or Tencent conferences), contin-
gent upon the informants’ preference. A semi-structured
interview guide was meticulously crafted by researchers
predicated upon the i-PARIHS framework and the find-
ings in the quantitative phase. This guide was subse-
quently pilot-tested on two intravenous therapy nurse
specialists. Supplementary file 2 elucidates the guid-
ing inquiries of the finalized semi-structured interview
guide. Before acquiring written consent, the informants
were thoroughly apprised of the study’s purpose and con-
tent. All interviews were diligently audio-recorded, with
individual durations averaging 45 min, and ranging from
32 to 56 min.

Data analysis

Quantitative data analysis

Quantitative data procured from the cross-sectional
study were analyzed using IBM SPSS v26.0. Descriptive
statistics were deployed, where continuous variables were
elucidated by means and standard deviations, and cat-
egorical variables by frequencies and percentages. The
sample size calculation adhered to the audit checklist’s
item count, guided by the formula [32]: n=[Max(number
of items)x(10~15)]x[1+(10%~15%)]. With the checklist
comprising 30 items and an anticipated attrition rate of
15%, the minimal requisite sample size amounted to 518.

Qualitative data analysis

The qualitative data stemming from the interviews were
scrutinized through content analysis, supported by Nvivo
10. Preliminary to the analysis, audio recordings were
verbatim transcribed. A six-phase coding process was
diligently followed [33]: (a) data familiarization; (b) ini-
tial code generation; (c) thematic code search; (d) theme
review; (e) theme definition and naming; and (f) final
analysis production. To obviate subjective bias, inter-
view transcripts were separately coded by two research-
ers, well-versed in qualitative research. The data analysis
employed a deductive reasoning process based on the
four components of the i-PARIHS framework, including
innovation, recipients, context, and facilitation. Similar
codes were categorized, and interrelated categories were
amalgamated to discern major themes. Subsequent dia-
logue and revision by the two coding researchers and the
first author led to a consensus, culminating in the trans-
lation of the codebook into English by the first author.
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Ethical considerations

This investigation was sanctioned by the Medical Eth-
ics Committee of Henan Cancer Hospital (Number
2023-KY-0014). All participants were apprised that their
involvement was voluntary, with strict confidentiality
maintained concerning personal information, accessible
solely by the research team. Moreover, adherence to the
principles of the Helsinki Declaration was stringently
upheld. In this study, our targeted participants were
nurses who have provided care for patients with a con-
firmed cancer diagnosis with CVCs. Therefore, patients
were not involved in the study. Screening of the patient’s
medical records was solely to facilitate the identification
of eligible nurses, which would not involve any personal
information about patients. Informed consent to partici-
pate was obtained from all the participants.

Rigors

Rigorous in the quantitative part was upheld by multiple
strategies. Firstly, the developmental process of check-
lists allowed wide input from diverse sources regarding
the checklist content [34, 35]. To ensure board sources
of input to the checklist content, our team exhaustively
examined pertinent evidence-based practice guidelines,
expert opinions, and national and local health policies
endorsed by various professional entities, including the
Infusion Nursing Society [11], National Health Com-
mission [36, 37], National Institute of Hospital Admin-
istration [38], Chinese Nursing Association [12]. The
checklist further embodied salient recommendations
for CVC management as stipulated by the NICE guide-
line [39]. The research team extracted, collated, and inte-
grated the evidence on CVC maintenance therein into
a preliminary checklist. In addition, expert testing was
employed to ensure the feasibility. Two CVC specialists
from the Intravenous Infusion Therapy of the Chinese
Nursing Association appraised and refined the items to
validate the checklist’s feasibility, and the final checklist
was formed. Secondly, the audit members were thor-
oughly briefed regarding the study’s objectives, content,
and procedures to ensure comprehension. Besides, com-
prehensive training was provided to all audit members
on the checklist to evaluate the assimilation of scientific
evidence in post-insertion management of CVCs, thereby
enhancing inter-rater reliability.

To uphold the rigor in the qualitative part, we adhered
to the criteria outlined by Guba and Lincoln [40]. Credi-
bility was promoted by having a researcher with extensive
experience in conducting qualitative research to conduct
the interviews. A concerted effort to mitigate recall bias
and errors through field notes and recording equipment
to capture the interview process. Subsequent verbatim
transcription in Mandarin was conducted within 24 h
of the interviews to ensure the accuracy of the findings.
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Interview transcripts were separately coded by two
researchers, well-versed in qualitative research. Simi-
lar codes were categorized, and interrelated categories
were amalgamated to discern major themes. Dialogue
and revision by the two coding researchers and the first
author led to a consensus. Additionally, throughout the
interview process, the interviewer adopted empathetic
techniques, including a non-judgmental stance, honoring
all responses, fostering a supportive environment for the
informants to divulge their emotions, and keen observa-
tion of salient non-verbal cues such as facial expressions,
gestures, postures, and eye contact. To ensure transfer-
ability, purposive sampling was used to maximize the
diversity of the informants in characteristics such as
age, education level, and years of experience. To pro-
cure rich data and invaluable insights into informants’
experiences, informants were reassured that they could
articulate their perspectives without fear of judgment
or reprisal. Regular consultations were held to assess
the data, allowing the researchers to understand the
data and avoid potential misinterpretations. To enhance
both dependability and confirmability, triangulation was
employed to ensure that the results aligned with infor-
mants’ perceptions and experiences. Three supplemen-
tary intravenous therapy nurse specialists were enlisted
to validate the findings. Their eligibility was aligned
with those in the qualitative interviews. Initial engage-
ments involved inviting the three specialists to review a

Table 1 The background characteristics of the included nurses

(n=1314)
Variables Frequency Percentage
Gender
Female 1265 96.3%
Male 49 3.7%
Years of work, mean=8.3,SD=4.1
<5 378 28.8%
5-10 764 58.1%
>10 172 13.1%
Educational level
College degree 674 51.3%
Bachelor's degree 578 44.0%
Master's degree 62 4.7%
Nurse career title level
Nurse 259 19.7%
Primary Nurse 533 40.6%
Nurse-in-charge 495 37.7%
Associate Chief Nurse 27 2.1%
Working department
Medical oncology department 610 46.4%
Surgical oncology department 349 26.6%
Radiotherapy oncology department 255 19.4%
Intensive care unit 69 5.3%
Other departments 31 2.4%
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thematic representation of our preliminary findings, with
clarifications furnished by the interviewer. Subsequently,
these specialists were encouraged to query and feedback
on the tentative results and to reflect and notate com-
ments. Transcripts were then examined employing quali-
tative methodologies congruent with phenomenological
design. Following this process, concurrence was reached
within our research team that the nurse specialists’ eval-
uations substantiated our delineated themes, subthemes,
and interpretations.

Results

Cross-sectional study

Background characteristics of nurses evaluated for

the adoption of scientific evidence for post-insertion
management of CVCs

During the designated study period, 1314 nurses were
included in the evaluation. Table 1 delineates the demo-
graphic and professional characteristics of the partici-
pants. A significant majority of the participants, 96.3%
were female, the mean tenure of working experience
stood at 8.3 years, 51.3% of participants possessed a col-
lege degree, 40.6% were classified as primary nurses, and
a substantial 92.4% originated from departments special-
izing in medical oncology, surgical oncology, or radio-
therapy oncology.

Adoption of scientific evidence in post-insertion
management for CVCs

Table 2 encapsulates the adoption of scientific evidence
for post-insertion management of CVCs by oncology
nurses. A total of 1,314 field observations were con-
ducted by the evaluation team throughout the study.
The cumulative adoption rate was calculated at 90.0%.
Within the evaluation checklist’s 10 categories, half were
found to have adoption rates less than 90%, including
hand hygiene, preoperative assessment, infusion con-
nector disinfection, confirmation of in-situ catheter, and
skin and catheter disinfection. Specifically, two categories
exhibited a lower adoption rate of less than 80%, namely
disinfection of infusion connector and disinfection of
skin and catheter. Furthermore, of the 30 checklist items,
14 recommendations were identified with an adoption
rate falling below 90%, including specific practices related
to disinfection, blood flow management, and post-trans-
fusion procedures. Four items that achieved less than an
80% adoption rate were the disinfection of the infusion
connector, skin, and catheter.

Qualitative study

Background characteristics of the informants

Table 3 delineates the demographic attributes of the
informants who partook in the interviews. Among them,
the mean age was 34.0 years, with 14 females and 9
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Table 2 The checklist and clinical practice status of CVC maintenance (n=1314)
Item Yes No

n % n %
1. Hand hygiene* - 87.7 - 12.3
1.1 Before operation 1141 868 173 132
1.2 During operation 1145 871 169 129
1.3 After operation 1171 891 143 109
2. Assessment before operation* - 874 - 126
2.1 Assess the puncture point and surrounding skin for signs of infection 1163 885 151 115
2.2 Assess catheter fixation, catheter function and necessity of indwelling 1133 862 181 138
3. Infusion connector disinfection* - 793 - 20.7
3.1 Use alcohol cotton pads to wipe and disinfect cross section of the infusion connector and its periphery for 5~15's 1080 822 234 178
3.2 Connector can be used after disinfectant is naturally dried 1002 763 312 237
4. Infusion connector replacement* - 930 - 7.0
4.1 Replace at least every 7 days 1283 976 31 24
4.2 Infusion connector should be replaced when there is blood or drug residues, or suspected contamination, damage or 1162 884 152 116
disengagement
5. Infusion device replacement* - 932 - 6.8
5.1 Infusion device should be replaced after 24 h of infusion 1289 98.1 25 1.9
5.2 Infusion device should be replaced every 4 h when infusing special drugs (such as propofol, fat emulsion, etc.) 1160 883 154 117
6. Confirming of in-situ catheter* - 876 - 124
6.1 Draw back blood to check if the catheter is in situ 1256 956 58 44
6.2 Blood return should be unobstructed before infusing of irritant and corrosive drugs 1047 79.7 267 203
7. Catheter and skin disinfection* - 790 - 210
7.1 Wipe and disinfect the skin and catheter with the puncture point as the center, the skin disinfection area is larger than 1029 783 285 21.7
the dressing area (15 cm*15 cm)
7.2 Use 75% alcohol to disinfect 3 times first, then use chlorhexidine gluconate alcohol cis-reverse-shun disinfection 3 times 850  64.7 464 353
7.3 Disinfectant is natural dried, do not use antibacterial ointment or emulsion at the puncture site 1234 939 80 6.1
8. Catheter dressing and fixation* - 937 - 6.3
8.1 Sterile gauze dressing should be replaced every 2 days 1252 953 62 47
8.2 Sterile transparent dressing should be replaced at least every 7 days 1294 985 20 1.5
8.3 Replacement should be implemented when there is bleeding, exudation at the puncture point, or the dressing is 1199 912 115 88
curled, loose, wet, contaminated or damaged in integrity
8.4 Choose sterile transparent dressing and cover the puncture site with the puncture point as the center 1247 949 67 5.1
8.5 Sterile transparent dressing should be pasted without tension 1139 867 175 133
8.6 For patients with skin lesions and allergies who are not suitable for adhesive dressings, gauze or functional dressings 1282 976 32 24
can be used
8.7 Replacement time should be marked on outside of the dressing 1204 916 110 84
9. Flushing* - 939 - 6.1
9.1 One-time single-dose normal saline should be used as flushing fluid, and the volume of flushing fluid should be at least 1271 96.7 43 33
twice of the volume of the catheter and additional devices
9.2 Use 10 ml or more syringe, or pre-filled catheter flusher to flush tube 1258 957 56 43
9.3 Flush the tube fully after blood transfusion or infusion of special drugs (such as propofol, fat emulsion, etc.) 1124 855 190 145
9.4 Flush the tube at least once every 7 days during intermittent period 1279 973 35 2.7
9.5 Flushing with pulse technology “push-stop-push’, do not flush the tube forcibly when encountering resistance 1239 943 75 57
10. Catheter covering* - 9.3 - 37
10.1 Cover the tube with normal saline or 0-10U/ml heparin solution 1242 945 72 55
10.2 The tube covering solution should be covered with positive pressure for one person, one needle, one tube, one agent, 1290 982 24 18

one using

Notes: *referring that the result of category is the mean of the sub-items
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Table 3 The background characteristics of informants (n=15)
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Table 4 The main themes of qualitative interview mapping to

Variables Frequency the i-PARHIS framework
Gender Determinants Themes Subthemes Mapping
Female 14 to i-PARHIS
Male 1 Barriers of Difficulty in Insufficiency Innovation
Age, years, mean =340, SD=7.1 Compliance accessing the of Training on
evidence Research Skills for
<30 2 .
Appraisal and Syn-
30-40 10 thesis of Evidence
>40 3 Clinical Applicabil-
Educational level ity of Evidence
College degree 2 Sustainability
Bachelor's degree in Applying the
Master’s degree Evidence
Marital status Lack of Involve- Absence of Recipients
Married 14 ment from Nurse  Participation in the
) Specialists Evidence-Transla-
Single 1 )
tion Process
Nurse career title level .
‘ Insufficiency of
Primary Nurse 1 Nurse Specialists
Nurse-in-charge 6 to Oversee the
Associate Chief Nurse 8 Quality of Care
Years as nurse, mean=13.7,SD=5.2 Difficulty in
0-10 2 Achieving Consen-
11-20 5 sus with Medical
Staff
21-30 7
20 ! Challenges from  Inadequate Atmo- Context
> Internal and Exter-  sphere for Internal
Years as specialist nurse, mean=28.1,SD=4.6 nal Environments ~ Change
5-10 3 Paucity of External
11-15 7 Support
>15 5 Facilitators of Positive Attitudes of Specialist Nurses Facilitation
Interview methods Compliance Toward Evidence Application
Face-to-face interview 11 Formation of a Team Specializing in
Online interview 4 Intravenous Therapy within Hospitals

holding a bachelor’s degree. Additionally, 12 had served
in the specialized role of a CVC nurse for more than 11
years.

Barriers to compliance

Through an analysis of the semi-structured interviews,
three barriers were discerned that may hinder the adop-
tion of scientific evidence in post-insertion management
for CVCs within oncology settings, mapping to three
components of i-PARIHS framework of innovation,
recipient, and context, shown in Table 4.

Theme 1: Difficulty in accessing the evidence (Innovation)
Subtheme 1: insufficiency of training on research skills for
appraisal and synthesis of evidence

Concurrent with the evolution of evidence-based prac-
tice, the proliferation of high-quality evidence continues
to unfold. A significant proportion of informants rec-
ognized the critical role of evidence-based practice in
patient outcomes, they concurred that accessing high-
quality evidence constitutes the preliminary stage of
evidence-based practice. The informants expressed a

keen motivation to acquire knowledge on optimal post-
insertion management strategies for CVCs. Nonethe-
less, they were confronted with a paucity of training on
research, resulting in uncertainty regarding where to
locate evidence and how to evaluate its quality amidst an
expanding volume of available evidence. The evidence at
hand was occasionally disjointed or even contradictory,
thereby posing challenges to the informants in synthe-
sizing it to guide their clinical practice. As articulated by
one informant:

“The landscape of evidence concerning post-inser-
tion management for CVCs is in a constant state of
flux. Regrettably, my knowledge remains anchored
to guidelines published several years prior. Although
I aspire to familiarize myself with the most current
guidelines, I am at a loss as to where to obtain them.
(N.5).

Another informant stressed the need for institutional
support, stating:
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“It would be beneficial if the hospital could facilitate
research training or directly identify and dissemi-
nate the pertinent guidelines. We could then inte-
grate these guidelines into our practice” (N.7).

Yet another shared a similar sentiment, remarking:

“With the myriad of evidence available for post-
insertion management, I often encounter fragmented
evidence across various channels, such as WeChat
accounts. Lacking training in research, I find myself
uncertain of the reliability of these pieces of evidence
and, consequently, refrain from applying them.
(N.9).

Subtheme 2. Clinical applicability of evidence

The informants predominantly emphasized that the clini-
cal applicability of evidence was a decisive factor influ-
encing the feasibility of implementation. Specifically, they
stressed that the evidence must be aligned with patient
needs and seamlessly integrated into clinical environ-
ments. Certain occurrences, such as blood oozing at the
puncture site after coughing, rendered some recommen-
dations impracticable. Without careful adaptation, the
direct application of recommended practices could pres-
ent frontline nurses with considerable obstacles, leading
to a loss of motivation. An informant in the semi-struc-
tured interview highlighted this, stating:

“According to the latest guidelines for CVC care,
immediate replacement is mandated in cases of
exudation. Yet, it is common for patients to cough
after surgery, thus, blood oozing is inevitable. The
consequent necessity to repeatedly change dressings
not only escalates the nursing workload but also
meets with disapproval from patients. Therefore,
this recommendation is virtually infeasible to imple-
ment” (N.8).

Another informant expressed similar concerns, saying:

“Changes to workflows, such as methods of catheter
disinfection, changed after implementing the new
practice. The initial adaptation was challenging.
Regular training and reinforcement are impera-
tive to secure compliance. Additionally, a flowchart
could serve to elucidate the procedures involved in
executing the new practice” (N.10).

One more informant also noted:

“The guideline prescribes a specific area for disinfec-
tion, yet the suitability of this may vary depending
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on the anatomical location of CVC insertion. Thus,
the stipulated size of the disinfection area is often
impractical in a clinical context. Adhering to it rig-
idly would augment the complexity of our opera-
tions” (N.6).

Subtheme 3: sustainability in applying the evidence

The interviews revealed that although training on post-
insertion maintenance for CVCs had been conducted
within hospitals and oncology departments, the sus-
tenance and enhancement of its application were pre-
dominantly contingent on nursing managers. A glaring
absence of corresponding policies and oversight mecha-
nisms to encourage compliance with post-insertion man-
agement in oncology settings was evident. Furthermore,
there was a notable deficiency in understanding the
potential adverse health ramifications for patients should
the post-insertion management for CVCs not be adhered
to. The absence of prompt feedback on post-insertion
management consequently attenuated the nurses’ impe-
tus to integrate evidence into practice. As elucidated by
an informant:

“Our superiors mandated the implementation of post-
insertion management for CVCs. However, compliance
was fleeting, as the emphasis was not sustained. Conse-
quently, we reverted to our original practices” (N.7).

Another informant expressed a similar sentiment,
stating:

“It (post-insertion management for CVCs) only lasted
for a period of time and then we stopped. Indeed, we have
relied on our established practices for an extensive dura-
tion without encountering complications.” (N.3).

Yet another informant suggested an enhancement in
oversight, remarking:

“The monitoring framework for post-insertion manage-
ment necessitates reform. Specifically, integration with
our extant monitoring system is advisable to preclude
redundancy in workflow and diminish workload. Addi-
tionally, reciprocal monitoring between nurses on day
and night shifts could more adeptly pinpoint issues with
CVCs” (N.11).

Theme 2: lack of involvement from nurse specialists
(recipients)

Subtheme 1. Absence of participation in the evidence-
translation process

Some informants disclosed their exclusion from the
process of crafting hospital regulations and workflows.
Consequently, these specialists were impeded from con-
veying their insights and strategies to nursing managers,
who occupied roles pivotal to policy development. This
rendered them incapable of refining post-insertion main-
tenance for CVCs in alignment with the most judicious
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evidence. As articulated by an informant as an intrave-
nous treatment nurse specialist:

“The hospital mandated adherence to their newest
guideline for post-insertion management for CVCs.
However, discerning a distinction between this pur-
ported latest iteration and the current version is
elusive, given our non-involvement in the guideline’s
development” (N.1).

This perspective was reiterated by another nurse special-
ist, who lamented:

“While the utilization of the best evidence is com-
mendable, I find myself perplexed. We are mar-
ginalized during the policymaking process for CVC
management. Those responsible for the guideline’s
formulation lack the pertinent expertise” (N.13).

Subtheme 2. Insufficiency of nurse specialists to oversee the
quality of care

A prevalent sentiment among the informants was the
inadequate presence of intravenous treatment nurse spe-
cialists within their institutions. This scarcity hindered
the provision of sufficient oversight for less-experienced
nurses, thereby posing challenges to the maintenance
of care quality in post-insertion management. During a
semi-structured interview, an informant expressed the
dilemma succinctly:

“My responsibilities preclude devoting sufficient time
to ensuring the proper execution of post-insertion
management for CVCs within my ward, given the
sheer magnitude of routine tasks. My ability to focus
on this particular issue (post-insertion manage-
ment) is consequently constrained.” (N.7).

Another informant lamented the challenges inherent in
the singular role of intravenous therapy nurse specialist
within the ward:

“I stand as the sole intravenous therapy nurse spe-
cialist in our ward, and the daily completion of
routine tasks forces me into overtime to supervise
juniors and instruct them on post-insertion manage-
ment. My capacity to focus on this task (post-inser-
tion management) is thus compromised.” (N.15).

Additionally, another informant articulated the distrac-
tions that impede the care process:

“While engaged in post-insertion management, my
focus is incessantly diverted by other routine tasks.
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Consequently, I find myself unable to concentrate
fully on the care process, resulting in certain steps
being inadvertently overlooked.” (N.14).

Subtheme 3. Difficulty in achieving consensus with medical
staff

Several informants elucidated that the domain of intra-
venous therapy was heavily influenced by medical staff,
a fact that emerged as a major barrier to changing the
current practice of post-insertion management. The
tendency of doctors to concentrate exclusively on inser-
tion procedures, neglecting post-insertion maintenance,
exacerbates this issue. Correspondingly, the specialized
expertise of nurses in providing post-insertion man-
agement often goes unrecognized in the formulation of
hospital policies. Therefore, achieving consensus on nec-
essary alterations to post-insertion maintenance based
on the evidence proves arduous. For instance, an infor-
mant conveyed:

“My involvement in the management team is dic-
tated by my professional role, yet I have remained
excluded from the development of hospital-wide pol-
icies, focusing solely on managing my department.
This is because doctors dominated the hospital man-
agement team. (N.3).

Another informant resonated with this sentiment,
emphasizing:

“To effect meaningful changes to post-insertion man-
agement for CVCs, the endorsement of doctors, par-
ticularly department heads, is indispensable. Their
support would considerably facilitate the integration
of novel practices” (N.2).

Furthermore, an informant pointed out the doctors’ lack
of concern:

“While numerous physicians elect to insert CVCs
into cancer patients for the administration of che-
motherapy, their attentiveness to post-insertion
management is minimal, sometimes even diminish-
ing its significance.” (N.9).

Theme 3: challenges from internal and external
environments (context)

Subtheme 1 inadequate atmosphere for internal change

The majority of informants, having participated in
assorted programs aimed at amending current practices,
observed a discernible lack of vigor in the climate for
change within hospitals. This tepidity failed to galvanize
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frontline nurses to embrace new methodologies, espe-
cially as their primary focus was anchored on patient
safety. As long as existing practices yielded improvements
in patient outcomes without adverse events, nurses
exhibited little motivation to explore innovations. At the
managerial echelon, the informants noted an absence of
multidisciplinary collaboration in enhancing post-inser-
tion management for CVCs, coupled with a deficient
incentive structure for change. Even among intravenous
therapy nurse specialists, consensus on the mission to
promote the adoption of best practices remained elusive.
An informant elaborated:

“Nurses are more concerned about patients’ safety.
They are more conservative about innovations. The
implementation of a broad-scale program to alter
current practices is inherently intricate, encompass-
ing various facets and necessitating extensive com-
munication and coordination with diverse stake-
holders” (N.4).

Another informant articulated a nuanced observation,
stating:

“We have discerned that the standards of post-inser-
tion management leave much to be desired. This
deficiency is not amenable to superficial remedies;
it mandates that nursing leaders devise systematic
strategies to sustain change and galvanize universal
participation.” (N.10).

Further elaboration was provided by another informant,
who commented on the cultural constraints within the
hospital:

“Our hospital gets our own culture. The senior staff
do not advocate for changing our practices according
to scientific evidence as long as the current practices
bring benefits to patients” (N.12).

Subtheme 2 paucity of external support

A consensus among informants underscored the signifi-
cance of support from nursing managers and leaders in
enhancing post-insertion maintenance for CVCs. Their
guiding policies shape the procedural approach; however,
several informants expressed concerns that this manage-
rial support, though overtly positive, lacked substantial
backing in terms of regular training and resource alloca-
tion. Moreover, the incorporation of the best available
evidence in post-insertion management for CVCs neces-
sitates specific materials such as connectors and disinfec-
tants. This requirement might burden the department’s
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budget, thereby hindering effective adoption. In the
interview, one informant mentioned:

“Things are not so simple. The hospital (department)
does not provide necessary equipment for post-inser-
tion management, such as special kit sets. This com-
Pplicated the whole process. 1t is very difficult for us to
work?” (N.7).

Another informant, specializing in intravenous ther-
apy, expressed the desire for more conducive working
conditions:

“As an intravenous therapy nurse specialist, I yearn

for the hospital to allocate space for work focused on
service enhancement. At present, I am still tasked
with routine duties. Specialists ought to be entrusted
with more complex responsibilities. Allotting more
time to these intricate tasks, rather than routine
work, would undoubtedly elevate the quality of post-
insertion management for CVCs.” (N.6).

Further insights were provided by another informant,
who suggested:

“Should the hospital initiate a dedicated nursing
clinic for intravenous infusion, or foster opportuni-
ties for intellectual discourse, it would facilitate the
acquisition of skills in post-insertion management,
thereby augmenting the overall quality of nursing
care! (N.8).

Facilitators of compliance

Two facilitative elements were identified in the quest for
compliance with post-insertion maintenance for CVCs,
shown in Table 4.

Theme 1: positive attitudes of specialist nurses toward
evidence application

Most informants asserted that their professional identity
can be enhanced through the adoption of evidence-based
practice. Specifically, by altering the existing protocols on
CVC management, the informants perceived a greater
recognition and appreciation of their contributions by
nursing leaders, colleagues, patients, and patients’ fami-
lies. This affirmation of their professional identity con-
sequently augmented their sense of self-worth. The
informants also posited that the promotion of evidence-
based practice could demonstrate to other nurses that
their professional growth was not confined to adminis-
trative roles but extended to specialized patient care. An
informant elucidated:
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“After completing my specialist training, I returned
to my hospital to contribute to the development of
CVC management guidelines. Now, everyone who
encounters problems in CVC management, they will
seek for my advice” (N.10).

Additional insights were provided by other informants:

“Everyone acknowledges my work and my passion. It
is a kind of achievement” (N.11).

“Nurse specialists in intravenous therapy serve
not merely as practitioners performing injections
and infusions but also as educators and facilita-
tors, imparting advanced knowledge to peers and
patients, and assuming leadership within the
department” (N.2).

Theme 2: formation of a team specializing in intravenous
therapy within hospitals

The informants indicated that their hospitals had insti-
tuted professional teams to oversee post-insertion
maintenance for CVCs. Particularly after receiving spe-
cialization, these nurses are empowered to scrutinize
care quality and impart relevant training to their col-
leagues. When frontline nurses are tasked with post-
insertion maintenance for CVCs, these trained specialists
can offer guidance and feedback, thereby enhancing the
quality of care. An informant shared during a semi-struc-
tured interview:

“Having worked only a few years, I began to acquire
knowledge about CVC management through a
training course at my hospital. This instruction has
greatly expanded my understanding and skills”
(N.4).

Another informant reflected on the specialized care
required for cancer patients:

“Cancer patients represent a unique cohort, exhib-
iting a wide variation in medical conditions. When
I encounter complexities in providing CVC care,
I often consult the professional group on intrave-
nous therapy. The guidance from nurse specialists is
invariably insightful and greatly facilitates my prac-
tice” (N.6).

Discussion

The deployment of CVCs is linked with catheter-asso-
ciated complications in oncology patients, which may
culminate in extended hospital stays and augmented
morbidity and mortality rates, thereby constituting
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a substantial menace to patient safety and escalating
healthcare expenditures. In China, nurses are exempted
from inserting CVCs but are mandated to administer
post-insertion maintenance. Evidence implementation
in post-insertion maintenance for CVCs is imperative
for nurses engaged in oncological settings to mitigate the
aforementioned perils and ramifications [41].

The quantitative findings in the present research
revealed an overall adoption rate of 90.0% concerning
evidence adoption in post-insertion maintenance for
CVCs in oncology environments. The high rate of evi-
dence adoption was potentially influenced by the inclu-
sion of oncology patients rendered immunocompromised
through radiotherapy and chemotherapy. This, in turn,
necessitates heightened attention by oncology nurses to
infection control protocols during all aspects of CVC
management. Although this figure was promising, this
study also revealed that there was still room for improve-
ment in the current practice to achieve the expected tar-
gets of evidence-based practice. We found that 14 out of
30 practices enumerated in the evaluation checklist did
not achieve 90% adoption rate among oncology nurses.
These findings were consistent with studies in the West
demonstrating unsatisfactory compliance rates in post-
insertion management for CVCs [42, 43]. Notably, the
poorest adoption (<80%) of evidence-based practices
were primarily related to infection control, particularly
the disinfection of infusion connector, skin, and catheter,
which are associated with complications of catheter-
related bloodstream infections and deserve to be heeded.
The quantitative data provided more precise information
on identifying the weak and critical segment of post-
insertion maintenance for CVCs. As in any evidence
implementation project, evaluating the pivotal clinical
questions and identifying the key segments is crucial for
promoting evidence-based clinical translation and imple-
mentation [44]. Consequently, the results highlighted
a clear and effective avenue for improvement, which is
developing targeted and addressed implementation strat-
egies for disinfection control in the future to enhance the
quality of post-insertion maintenance for CVCs in China.

One feature of this study is the continuity and consis-
tency of the quantitative and qualitative research. All
informants were a subset of the quantitative phase and
involved in the quantitative study before providing their
specifically targeted insights and opinions. The outcomes
of the clinical observation serve to delineate the specific
challenges, laying the groundwork for an in-depth analy-
sis of hindrances and further devising targeted strategies
for amelioration [45]. Additionally, successful evidence
implementation is regarded as an outcome resulting from
the quality and type of innovation, the characteristics of
context, recipients who are influenced or implement the
innovation, and how the innovation is facilitated [46].
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Guided by the i-PARIHS framework, the qualitative
dialogues were deductively reasoned into four key ele-
ments of the clinical implementation of evidence, includ-
ing innovation, recipients, context, and facilitation [47].
Facilitators and barriers to adopting scientific evidence
in post-insertion maintenance for CVCs among oncology
nurses were further clarified using this framework.

The qualitative data identified the difficulty in accessing
the evidence was a main barrier to evidence practice in
CVCs post-insertion maintenance, mapping to the inno-
vation in the i-PARHIS framework. Knowledge deficit in
the evidence may result in low compliance with CVCs
maintenance [48]. In the field of CVCs post-insertion
maintenance, the large amount of evidence published
does not represent an increase in nurses’ knowledge.
Continuous training is necessary to promote best prac-
tices in CVC maintenance, not just in knowledge and key
points in each procedure, but in the ability to appraise
and synthesize evidence. Of the identified barriers to
innovation, the clinical applicability of evidence was
persistently mentioned by informants, which empha-
sized that the evidence should be modified, tailored, or
refined to fit local context or needs [49]. Especially some
evidence practices related to infection control, e.g. sug-
gested size of the disinfected area, naturally dried waiting
after disinfection, seemed hard to apply in clinical opera-
tions with workload. Continuous monitoring and peri-
odic revisions to post-insertion management protocols
for CVCs are essential to ensure clinical applicability [50].
Additionally, nurses were concerned with the increased
budget resulting from the evidence-based practices
related to the inflection control measures. For instance,
the cost of a recommended disinfectant, i.e. chlorhexi-
dine gluconate alcohol is 3 to 4 times more expensive
than general disinfectants. Therefore, facilitators should
be preoccupied with evidence that may increase clini-
cal costs and develop strategies in advance to ensure the
sustainability of CVC maintenance evidence application.
At the same time, these phenomena were the possible
reasons for the quantitative results that most infection
control measures in post-insertion management failed to
achieve at least 80% adoption rates.

Nurses are the major recipients, responsible for evi-
dence adoption for CVCs post-insertion maintenance.
Fortunately, all informants in our qualitative study mani-
fested a positive attitude toward adopting scientific evi-
dence in post-insertion management for CVCs. This is
significant, as delineated by Ferrara et al [42, 51], atti-
tudes of healthcare workers were crucial to promote
adherence to guidelines. Notwithstanding the positive
attitudes of our informants, they did mention the dif-
ficulties in participating in the evidence-translation
process and hospital policymaking, thus hindering the
adoption of evidence in post-insertion management for
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CVCs. This phenomenon is particularly pronounced in
China, attributing to medical dominance. Relative to the
medical profession, nursing is a comparatively nascent
discipline [52]. Furthermore, a conventional societal
perception prevails that nurses are subordinate to phy-
sicians, possessing diminished autonomy within health-
care environments [53]. This perception, combined with
an inherently hierarchical structure, diminishes nurses’
participation in policymaking, resulting in their perspec-
tives on post-insertion management for CVCs being
marginalized within hospital policy. Encouraging multi-
disciplinary involvement will provide more opportunities
and facilities for specialist nurses to be better involved
in addressing such situations. It would be beneficial
to expand the scope of involvement by working more
closely with the medical team, organizational managers,
and patients, who are all key stakeholders in promoting
evidence-based practice for CVC maintenance [54]. One
potential approach is the establishment of nurse-led mul-
tidisciplinary teams for CVC or the creation of specialist
clinics, which can facilitate communication and collabo-
ration with the medical teams and utilize the professional
value of specialist nurses.

Aligning with the i-PARIHS framework, the context
includes the external and internal environment or orga-
nizational culture [25]. Workload as a barrier should be
mentioned, especially since the research settings in this
study are tertiary public hospitals with more than 1000
beds. Previous systematic reviews [55] explicitly indi-
cated that a lower nurse-to-patient ratio was associated
with an increased risk of healthcare-associated infec-
tions, which was the single significant predictor for
bloodstream infections related to CVCs [48]. The corre-
lation between workload and catheter infection control
is also indirectly illustrated considering the low infec-
tion control implementation rate in this study’s quan-
titative results. Moreover, a lack of CVC-maintained
required materials, such as CVC maintenance kits and
chlorhexidine gluconate alcohol, can also decrease com-
pliance with evidence-based practice. This perspective
is consistent with another study from China [56], which
focused on implementation strategies for CVC mainte-
nance in pediatric intensive care units. External support
and negotiation from the medical insurance finance,
healthcare organization, materials supply department,
and nursing department, cannot be ignored. Financial
allocations should be strategically increased to avail the
necessary human resources and materials for implement-
ing evidence-based practices in CVC management, e.g.
purchasing recommended disinfectants or materials. Fur-
thermore, a positive culture can promote the application
of innovation, thereby facilitating change [56]. Within
the internal culture, another finding in the study was
that managers or frontline specialist nurses were more
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conservative towards the change and emphasized priority
on patient safety. These are misconceptions about change
and safety, need to be reversed by the implementation
facilitator by creating an adequate atmosphere for change
through best-evidence training, demonstration of excel-
lent practice, and performance or moral incentives.

The significance of identifying facilitators is to enhance
the facilitators in implementation strategies to increase
the uptake of evidence-based clinical innovations [57].
Two main facilitators of evidence practice for CVC main-
tenance emerged in this present study. Informants indi-
cated the positive attitudes of specialist nurses toward
evidence application, as well as constituting a special-
ized team focused on CVCs within all research sites, had
the potential efficacy in promoting evidence practice for
CVC maintenance. Previous literature also supported the
effectiveness of such professional teams in enhancing evi-
dence adoption in various clinical practices and settings
[58, 59]. Nevertheless, a consideration warranting scru-
tiny is that forming such professional teams necessitates
professional training, iteration of knowledge and con-
cept, and communication with and support from man-
agement to better leverage the influence of the academic
team in the hospital. Consequently, further investigations
and well-developed operational mechanisms are war-
ranted to leverage the role of professional teams compre-
hensively in evidence-based practice.

Strengths and limitations

To our best understanding, this was the first study that
adopted a sequential explanatory mixed method based
on the i-PARIHS, an implementation science framework,
to scrutinize the integration of scientific evidence in
post-insertion maintenance for CVCs and identify facili-
tators and barriers to the evidence adoption within onco-
logical settings in China. An additional virtue pertains to
the expansive scale of the research, executed across five
medical centers and encompassing 1,314 clinical obser-
vations. Such a voluminous dataset conferred robustness
and precision in the estimation. Notwithstanding these
strengths, certain limitations must also be acknowledged.
Firstly, the trustworthiness of the quantitative data from
the cross-sectional study might be compromised as the
audit checklist did not undergo a psychometric proper-
ties test notwithstanding some evidence suggesting that
it might not be necessary for the audit checklist [34, 35].
Secondly, we did not apply advanced statistical methods
to analyze the data as the current analysis could achieve
the study objectives. However, advanced statistical meth-
ods may be useful to verify some identified facilitators
and barriers in evidence adoption, and hence future stud-
ies are recommended to do so. Thirdly, this study was
conducted in hospitals in China. Due to the difference
in organizational structures and cultural beliefs between
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China and Western countries, which might affect the
generalizability of findings in overseas. Fourthly, the
semi-structured interviews were conducted by a nurse
manager, which might affect the willingness and percep-
tions of informants to share their opinions due to power
imbalance. Lastly, this study adopted different methods,
i.e., face-to-face and online platforms to conduct inter-
views. There might be differences in the study results due
to the interview techniques.

Conclusions

This research has bridged an existing gap in the litera-
ture, unearthing that the aggregate adoption rate of evi-
dence in post-insertion management for CVCs by nurses
within the oncology setting stood at 90.0%. Among all
the advocated practices, infection control protocols were
the least adopted. Employing the i-PARIHS framework,
we identified two facilitators, including the positive atti-
tudes of specialist nurses to evidence application and
formation of a team specializing in intravenous ther-
apy within all sites; as well as three barriers mapping to
three elements in the i-PARIHS framework, including
difficulty in accessing the evidence, lack of involvement
from nurse specialists and challenges from internal and
external environments. Stemming from these recognized
facilitators and obstructions, tailored interventions must
be strategized and instituted at an organizational stratum
to enhance the execution of the guideline, with particular
emphasis on the clinical evidence pertinent to infection
control.
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