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Abstract

Purpose

Digital health education is crucial in preventing and managing chemotherapy extrav-
asation among cancer patients. We aimed to evaluate the effectiveness of a digital
chemotherapy extravasation educational intervention on knowledge, self-care abili-
ties, and self-efficacy in cancer patients.

Methods

A quasi-experimental longitudinal design was conducted with 80 cancer patients at
Hue University of Medicine and Pharmacy Hospital, Vietham, from September 2022
to November 2023. The control group (n=40) received routine health education on
chemotherapy extravasation, while the experimental group (n=40) participated in an
extravasation education program based on Orem’s Self-Care Theory and utilized digi-
tal technology. This study assessed knowledge levels, self-care abilities, self-efficacy
in preventing and managing chemotherapy extravasation, and the effectiveness of
digital technology applications at three different time points. Chi-square tests, inde-
pendent t-tests, and Analysis of Variance with Repeated Measures were employed to
analyze the data.

Results

There were statistically significant differences in knowledge (F=16.24, p<0.001),
self-care abilities (F=35.37, p<0.001), and self-efficacy (F=46.27, p<0.001)
between the intervention and control groups over time, with the intervention group
showing greater improvements across all outcomes. Qualitative findings revealed
three key categories: moving forward to self-care readiness, promoting emotional
resilience, and enhancing a positive care environment. Patients perceived the
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digital technology applications as highly effective, especially in terms of perceived
usefulness and ease of use, and showed significant changes across time (F=9.93,
p<0.001).

Conclusion

Digital chemotherapy extravasation education based on Orem’s Self-Care The-

ory offers an effective approach that enhances cancer patients’ knowledge while
strengthening their self-care. Therefore, healthcare providers should integrate digital
education into routine patient care to enhance self-efficacy, reduce complications,
and support better treatment outcomes.

Introduction

Cancer poses a significant health concern in humans globally. According to GLOB-
OCAN in 2022, it is estimated that nearly 19,980,000 new cases of cancer and over
9,700,000 cancer-related deaths were found worldwide [1]. According to this report,
there have been over 180,000 new cases of cancer and over 120,000 cancer-related
deaths in Vietham. Chemotherapy is the most common and fundamental treatment
method for cancer, with over one million intravenous lines placed to administer che-
motherapy daily worldwide [2,3]. Extravasation is a potential complication of cancer
chemotherapy, with estimated rates ranging from 0.1% to 6% in various studies [4,5].
It refers to the leakage of a medication or infusion solution from a vein or infusion
line into the adjacent tissues, where it can cause local irritation or injury [4,6]. The
extent of damage depends on the toxicity of the compound and the amount of drug
released, leading to skin irritation such as swelling, pain, and possible necrosis [4,6].
Therefore, reducing effect of chemotherapy extravasation is crucial to minimize
patient damage and complications.

Prevention and early detection of chemotherapy extravasation are essential
strategies to minimize complications and improve patient outcomes [4,7]. Patient’s
ability to engage in self-care plays a crucial role in recognizing early signs and
symptoms, ensuring timely intervention, and reducing the risk of complications [8,9].
Nurse-led interventions are recognized as effective strategies to support patients
during hospitalization and facilitate their transition to home [8,10,11]. These interven-
tions not only encompass patient care and complication prevention but also focus
on empowering patients through education, skill-building, and continuous support
[4,6]. By integrating these comprehensive strategies, patients become more confi-
dent in managing their condition, leading to improved self-care and overall treatment
outcomes.

Orem’s Self-care theory, developed by Dorothea Orem, proposes that nursing
care aims to help individuals maintain or restore their ability to perform self-care
activities that support health, recovery, and well-being [12,13]. The theory empha-
sizes that when individuals are unable to meet their own self-care needs due to
iliness or limitations, nurses assume a supportive or educational role to help them
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regain independence [12,13]. Orem’s Self-care theory is widely recognized and applied in nursing practice, especially in
developing patient health education programs to enhance self-care and treatment adherence [12,13]. Previous studies
highlighted that self-care education programs enhanced understanding of the disease and its management, leading to
better patient compliance, reduced complications, and improved quality of life among cancer patients [9,14,15]. More-
over, most health education programs rely on face-to-face interactions for patient learning and engagement. However,
with the rapid advancement of digital technology, healthcare is undergoing a significant transformation. Digital platforms
are increasingly being integrated into patient education programs. These innovations enhance accessibility, provide
continuous support, and empower patients with real-time information, ultimately improving self-care and patient out-
comes [16,17].

Therefore, this study aimed to investigate the effect of digital chemotherapy extravasation education based on Orem'’s
self-care model on the knowledge, self-care abilities, and self-efficacy of patients undergoing chemotherapy. The findings
of the study can help increase the quality of care among cancer patients undergoing chemotherapy.

Materials and methods
Study design and participants

This study employed a concurrent triangulation mixed-methods design, integrating a quasi-experimental longitudinal
approach with in-depth interviews to enhance validity through methodological triangulation. Data were collected from Sep-
tember 1st, 2022, to November 20", 2023, allowing for both quantitative assessment over time and qualitative exploration
of participant experiences. The data were collected at baseline before the intervention (T0), after the 21-day intervention
(T1), and after the 42-day intervention follow-up (T2) to evaluate the effects of the intervention (Fig 1).

This study was conducted at Hue University of Medicine and Pharmacy Hospital in central Vietnam. A total of 80 partic-
ipants were screened for enrolment in the study. The sample size was calculated using G*Power version 3.1.9.4 software,
effect size=0.44, a=0.25, and power=0.90, and 80 participants were required for the calculation. Cancer patients were
recruited and allocated to the experimental (n=40) or control group (n=40). Of these, 40 participants in the experimental
group completed the program, and 2 were lost to follow-up because they changed to subcutaneous port catheters. The
non-random sampling method was used for this study, in which we selected the control group first to collect the data at
three time points as mentioned above, and then the experimental group was recruited. This approach was chosen for
ethical and practical reasons: random allocation was not feasible because the intervention involved an educational pro-
gram that could not be withheld from eligible participants once it became available. In addition, the sequential recruitment
helped prevent information contamination between participants in the control and intervention groups who were treated in
the same hospital setting. This design ensured adequate participant numbers in each group while maintaining the integrity
of the intervention delivery.

The inclusion criteria for this study were patients with cancer who were between 18 and 80 years old, received
chemotherapy, had medical records in the oncology department, were capable of understanding and communicat-
ing in Vietnamese, and were willing to participate in the study. Patients who experienced extravasation and were
transferred from another department were excluded, as well as critically ill patients with limited ability to participate
in research due to mental or physical health. Additionally, patients who developed extravasation or ulceration related
to a central venous catheter or subcutaneous port catheter were excluded because these devices involve different
mechanisms, management protocols, and risk factors compared with peripheral intravenous infusions. This study,
therefore, focused exclusively on extravasation events associated with peripheral intravenous chemotherapy adminis-
tration, where nursing techniques, patient education, and self-care behaviors play a more direct role in prevention and
management.

Moreover, in-depth interviews were conducted with six participants who attended digital chemotherapy extravasation
program. Additionally, a focus group was held with three nurses who participated in this program.
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Baseline (n=80) (T0)
1. Knowledge of Chemotherapy Extravasation
2. Self-care Ability
3. Self-Care Self-Efficacy

Control group (n = 40) Intervention group (n = 40)
|

Intervention based on Orem’s Self-Care theory
- Educational program for caring for Chemotherapy

Standard care for chemotherapy treatment Extravasation
- Educatiqnal program for caring Chemotherapy - Guide to using social media flatform
Extravasation. - Apply social media platforms (zalo, messeger) for patients.

- Maintain continuity of health consultations throughout
chemotherapy treatment and respond to inquiries.

Immediately post intervention
1. Perceived Effectiveness of Digital
Technology Applications.
[
‘ Post test (21-day after intervention) (T1)

Control group (n =40) Intervention group (n = 40)
1. Knowledge of Chemotherapy Extravasation 1. Knowledge of Chemotherapy Extravasation
2. Self-care Ability 2. Self-care Ability
3. Self-Care Self-Efficacy 3. Self-Care Self-Efficacy
4. Perceived Effectiveness of Digital
Technology Applicafions.

| |

Follow-up (42-day after intervention) (T2)

| |

Intervention group (n = 38)

Control group (n = 40) 1. Knowledge of Chemotherapy Extravasation
1. Knowledge of Chemotherapy Extravasation 2. Self-care Ability
2. Self-care Ability 3. Self-Care Self-Efficacy
3. Self-Care Self-Efficacy 4. Perceived Effectiveness of Digital

Technology Applications.

Fig 1. Participants flow through the trial.

https://doi.org/10.1371/journal.pone.0343000.9001

Quantitative measures
The study’s outcomes were assessed at baseline, 21-day intervention, and 42-day follow-up after receiving the study
intervention. Instruments were used, including:

Knowledge of chemotherapy extravasation: The instrument, which assessed knowledge of the prevention and manage-
ment of chemotherapy extravasation, was developed by researchers. The tool included 28 items with subscales: Funda-
mentals of Chemotherapy Extravasation (8 items), Symptoms and Prevention of Chemotherapy Extravasation (8 items),
and Management of Chemotherapy Extravasation (12 items). The scale was developed mainly based on guidelines of the
prevention and management of chemotherapy extravasation [4,18]. All knowledge variables were closed-ended questions.
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A score of one was given for each correct answer and zero for each incorrect or missed answer. The total possible score
ranged from O to 28, with a higher score indicating a better knowledge of the prevention and management of chemother-
apy extravasation.

Self-care ability: Self-care ability tool was modified based on the Self-care of chronic iliness inventory of Riegel et al
[19] to assess the self-care ability of cancer patients. It includes recognizing chemotherapy extravasation symptoms (1
item), prevention and management of chemotherapy extravasation (8 items), and implementation of management of che-
motherapy extravasation (1 item). The instrument consists of 10 items with a 5-point Likert scale, 1="completely unable to
perform” to 5="highly able to perform”. The total possible score ranges from 10 to 50, with the higher the score, the higher
the levels of self-care ability.

Self-care self-efficacy: The Self-Care Self-Efficacy tool was modified by the authors based on a subscale of the Self-
care of chronic illness inventory of Riegel et al [19], which refers to the patient’s perspective on their ability to effectively
manage chemotherapy extravasation to minimize adverse outcomes. The instrument consists of 10 items with a 5-point
Likert scale, where 5 means “Extremely Confident” and 1 means “Not Confident”. The total possible score ranges from 10
to 50, with higher scores indicating higher levels of self-efficacy in self-care and subjective presence of ability.

Perceived effectiveness of digital technology applications: was developed by the authors based on the mHealth app
usability questionnaire [20]. The tool is self-administered and consists of four separate scales: perceived usefulness (3
items), perceived ease of use (3 items), attitude toward using (2 items), and trust (2 items). Each item is scored on a
5-point Likert scale, where 1 = “Strongly disagree” and 5 = “Strongly agree”, then the lowest score equals 10 and the high-
est score equals 50. Higher scores indicate a greater perceived effectiveness of digital technology applications in provid-
ing health information.

Prior to the main data collection, the instruments were evaluated for content validity and reliability. They were first
reviewed by three experts from the Faculty of Nursing and Medicine to assess their relevance, clarity, comprehensive-
ness, and applicability. The item-level Content Validity Index (I-CVI) values ranged from 0.75 to 1.00, while the scale-level
Content Validity Index (S-CVI) was 0.95 for the knowledge of chemotherapy extravasation scale. The corresponding
S-CVI values for the self-care ability scale, the self-care self-efficacy scale, and the perceived effectiveness of digital-
technology application tools were 0.73 (I-CVI range: 0.50-0.75), 0.75 (I-CVI range: 0.50-1.00), and 0.75 (I-CVI range:
0.50-1.00), respectively.

The pilot study was subsequently conducted to further assess the clarity and feasibility of the tools before their use in
the main study. This tool obtained satisfactory psychometric properties and reliability (internal consistency of Cronbach’s
alpha 0.94, 0.72, 0.75, and 0.82, respectively), indicating high internal consistency.

Qualitative measures

In-depth interviews were conducted to thoroughly explore the effects of the program. Semi-structured questions were
used to guide the discussions, including: “Can you describe your experience attending the program?”, “How has the
program supported you?”, and “Do you have any additional comments about your experience?” These questions focused
on participants’ self-perception of health, knowledge of chemotherapy extravasation, attitudes toward self-care, and the
overall impact of the program on their well-being.

The development of digital chemotherapy extravasation education program

Control group. Participants assigned to the control group were provided with the standard care offered by
clinics throughout their chemotherapy treatment. The routine nursing procedures included admission nursing, basic
nursing, psychological nursing, medication guidance, diet and health education, and discharge instructions. This
care encompassed the distribution of an educational pamphlet and the provision of verbal instructions by healthcare
professionals during their clinic appointments.
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Experimental Group. The proposed intervention is designed to harness Orem’s Self-Care Theory to empower
chemotherapy patients with the necessary knowledge and skills to prevent, recognize, and manage chemotherapy
extravasation. This comprehensive educational program comprises modules covering the fundamental aspects of
chemotherapy extravasation, prevention strategies, symptom recognition, and immediate and long-term management.
The program is structured into several modules, commencing with the facilitation of patient connectivity with healthcare
providers through social media platforms such as Zalo (Table 1). The content has undergone meticulous review and
revision by experts in the field to ensure its accuracy. Furthermore, health material has been transformed into visually
engaging posters and informative videos through artificial intelligence technology.

The program underscores the significance of peer support by directing patients to identify and join pertinent support
groups and participate in group discussions and activities. Information sharing is another pivotal element, featuring
guidelines for the secure transmission and reception of educational materials and personal health updates. The program
incorporates QR codes to sustain health consultations during chemotherapy treatment. Additionally, the program provides
guidance to patients on the effective utilization of social media platforms like Zalo for health communication, enabling
them to connect with healthcare providers. By integrating QR codes, the program facilitates convenient access to health
resources, interactive consultations, and real-time symptom reporting. Overall, the digital component was designed to
enhance patients’ self-care competence by enabling early recognition of extravasation signs, promoting timely communi-
cation with nurses, and supporting immediate intervention to prevent tissue injury and related complications.

This intervention aims to enhance patients’ self-care capabilities, improve health outcomes, and deliver continuous
support during chemotherapy treatment through modern digital tools and a robust educational framework. Moreover,
participants were either grouped together or provided with personalized programs based on their individual needs and
preferences.

Data collection

Participants for this study were selected and completed a pretest at the beginning of the program. A posttest was adminis-
tered 21 days after the intervention, followed by a 42-day follow-up assessment. Additionally, face-to-face semi-structured
interviews were held within the 42-day follow-up period. Prior to providing consent and sharing personal information, all
participants were informed about the study’s purpose, content, confidentiality agreements, and their right to withdraw at

Table 1. Content of digital chemotherapy extravasation educational training.

Content

Session 1 Understanding Chemotherapy Extravasation
Definition and causes
Risk factors

Session 2 Prevention Strategies
Importance of proper intravenous (1V) technique
Tips for patients to monitor their IV sites

Session 3 Recognizing Symptoms
Early signs and symptoms of extravasation
Visual aids and symptom checklists

Session 4 Immediate Management
Steps to take if extravasation is suspected
When to seek professional help

Session 5 Long-term Management and Care
Physical therapy and rehabilitation if needed

Session 6 Emotional and Psychological Support
Guide to Using Social Media Platforms for Health Communication

https://doi.org/10.1371/journal.pone.0343000.t001
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any time. A small incentive, in accordance with survey regulations, was provided to each participant, consisting of a small
snack and a drink.

Data analysis

This study used SPSS 26.0 software (SPSS Inc., Chicago, IL, USA). Descriptive statistics were used to describe the
characteristics of the participants. Independent samples t-tests were applied to compare continuous variables between
groups. Categorical variables were analyzed using Pearson’s chi-square test. Repeated measures ANOVA was used to
assess changes over time between groups. A p-value <0.05 was considered statistically significant.

To analyze the qualitative data, Microsoft Excel was utilized for content analysis. All interviews were transcribed man-
ually. Two of the authors analyzed these interviews qualitatively using the content analysis method through four stages:
decontextualization, recontextualization, categorization, and compilation [21]. The researchers meticulously reviewed the
transcribed text multiple times to identify meaning units. These meaning units were further condensed, and relevant codes
were extracted. Subsequently, the codes were organized into subcategories, and the items were summarized to ultimately
establish the primary category. The two researchers independently identified the category, and consensus on the organi-
zation of the main category was reached through discussion among the research team members.

Ethical considerations

This research followed the Declaration of Helsinki, and the research proposal has received approval from the Scientific
Research Ethics Committee of Hue University of Medicine and Pharmacy (Reference No. H2022/110, date 07/06/2022).
Before participating, all individuals were given detailed information about the study’s objectives, procedures, potential
risks, and confidentiality measures. Participants provided written informed consent, confirming their voluntary involvement
and their understanding that they could withdraw at any time without consequences. Additionally, this study adhered to
ethical guidelines for human research, ensuring data protection and participant anonymity. No animal studies were con-
ducted, and the manuscript does not include any potentially identifiable images or sensitive personal information.

Results
Quantitative results

Homogeneity Test of General Characteristics and Variables at Baseline. A total of 80 cancer patients were
involved in this study. The majority of participants were female, and they were in stages Il and IV of the disease.
Participants were diagnosed with various types of cancer, including breast (35%), colorectal (15%), lung (10%), ovarian
(7.5%), stomach (7.5%), and other cancers (25%) in the control group, and a similar distribution was observed in the
experimental group (Table 2). There was no statistically significant difference in the type of cancer or other general
characteristics between the experimental and control groups at baseline (all p>0.05) (Table 2).

As shown in Table 3, no significant difference was found in the baseline (before intervention) knowledge of chemother-
apy extravasation, self-care ability, and self-care self-efficacy between the two groups (p>0.05).

Effect of the digital chemotherapy extravasation educational training. The analysis using repeated ANOVA
with the Greenhouse-Geisser correction revealed statistically significant interactions between group and time for
knowledge of chemotherapy extravasation (F=16.24, p<0.001) (Table 4). Specifically, on the subscale of fundamental
of chemotherapy extravasation, the experimental group displayed a significant improvement from 2.10+2.05 at baseline
to 5.68+1.22 at 42-day follow-up, while the control group exhibited a smaller increase from 2.08 +2.13 at baseline to
3.13+2.37 at 42-day follow-up. For the symptom and prevention of chemotherapy extravasation, the experimental group
increased from 2.88 +2.40 at baseline to 5.70+1.51 at 42-day follow-up, whereas the control group increased from
2.65+2.14 at baseline to 5.33+1.59 at 42-day follow-up. On the subscale of symptoms and prevention of chemotherapy
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Table 2. Comparison of sociodemographic and disease variables between two groups before the intervention (N=80).

Variables Cont. (n=40) Exp. (n=40) Test P
n (%) n (%)
Age (years) 56,05+9,34 54,60+12,88 () 0.58 0.572
Sex Male 16 (40) 15 (37.5) - 0.82°
Female 24 (60) 25 (62.5)
Educational level llliteracy 2 (5) 0 (0) - 0.051°
Primary 14 (35) 4 (10)
Middle school 8 (20) 10 (25)
High school 8 (20) 16 (40)
Junior college 3(7.5) 4 (10)
University or higher 5(12.5) 6 (15)
Living area City 18 (45) 22 (55) - 0.61°
Countryside 20 (50) 17 (42.5)
Mountain Region 2 (5) 1(2.5)
Economic <3 million VND 16 (40) 23 (57.5) - 0.28°
3-6 million VND 18 (45) 12 (30)
>6 million VNP 6 (15) 5(12.5)
Diagnosis Ovarian Cancer 3(7.5) 6 (15) - 0.61°
Stomach cancer 3(7.5) 6 (15)
Colorectal cancer 6 (15) 4 (10)
Lung cancer 4 (10) 3(7.5)
Breast cancer 14 (35) 15 (37.5)
Other 10 (25) 6 (15)
Stage of disease / 1(2.5) 1(2.5) - 0.25°
] 7 (17.5) 15 (37.5)
1 18 (45) 14 (35)
v 14 (35) 10 (25)
Previous treatment methods No previous treatment 22 (55) 25 (62.5) 0.5°
Surgery 18 (45) 15 (37.5)
a=|ndependent Sample-t, *=Pearson-x2.
https://doi.org/10.1371/journal.pone.0343000.t002
Table 3. Comparison of knowledge, self-care, and self-efficacy variables between two groups before the intervention (N = 80).
Variables Cnt. Exp. Test P
(n=40) (n=40)
MeantSD
Knowledge of Chemotherapy Extravasation 10.73%7.67 11.03+7.23 -0.18 0.86°
Fundamentals of Chemotherapy Extravasation 2.08+£2.13 2.10+2.05 -0.05 0.96°
Symptoms and Prevention of Chemotherapy Extravasation 2.65+2.14 2.88+2.40 -0.44 0.66°
Management of Chemotherapy Extravasation 6.00+£4.22 6.05+3.76 -0.06 0.96°
Self-care Ability 24.38%9.74 22.00£10.76 1.04 0.30°
Recognize chemotherapy extravasation symptoms 2.13+£1.27 1.75+0.98 1.48 0.14¢
Prevention and management of chemotherapy extravasation 20.20+8.65 18.48+9.66 0.84 0.40°¢
Implementation of management of chemotherapy extravasation 2.05%£1.15 1.78+1.03 1.13 0.26°
Self-Care Self-Efficacy 2.68+1.16 2.25*1.15 1.64 0.10°

c=t-test.

https://doi.org/10.137 1/journal.pone.0343000.t003

extravasation, the F-values for Group (31.13), Time (22.04), and Time x Group (27.93) were all found to be significant

(p<0.001). Regarding the management of chemotherapy extravasation, the experimental group improved from

6.05£3.76 at baseline to 9.50+1.20 at 42-day follow-up, while the control group showed a decrease from 6.00+£4.22 at
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Table 4. The comparison of knowledge of prevention and management of chemotherapy extravasation among two groups (N=80).

Variable (n=80) Group Baseline 21 days 42 days Source F P
Mean * SD
Knowledge of Prevention and Cont. 10.73+7.67 12.65+6.11 12.05+6.47 Group 38.40 <0.001
Management of Chemotherapy Exp. 11.03+7.23 20.55+3.06 20.88+3.02 Time 31.67 <0.001
Extravasation Time x Group 16.24 <0.001
Fundamentals of Chemotherapy Cont. 2.08+2.13 2.53+2.11 3.13+2.37 Group 41.30 <0.001
Extravasation Exp. 2.10£2.05 5.58+1.21 5.68+1.22 Time 61.60 <0.001
Time x Group 18.36 < 0.001
Symptoms and Prevention of Chemo- Cont. 2.65+2.14 3.18+1.88 5.33+1.59 Group 31.13 <0.001
therapy Extravasation Exp. 2.88+2.40 3.33+1.98 5.70+1.51 Time 22.04 <0.001
Time x Group 27.93 <0.001
Management of Chemotherapy Cont. 6.00+4.22 6.95+3.34 5.60£2.99 Group 25.47 < 0.001
Extravasation Exp. 6.05+3.76 9.95+1.00 9.50+1.20 Time 13.75 < 0.001
Time x Group 9.93 <0.001

https://doi.org/10.1371/journal.pone.0343000.t004

baseline to 5.60+2.99 at 42-day follow-up. The F-values for Group (25.47), Time (13.75), and Time x Group (9.93) were

all significant (p<0.001).

Table 5 indicates that the results showed statistically significant interactions between group and time for self-care ability
(F=35.37, p<0.001), and self-care self-efficacy (F=46.27, p<0.001). The experimental group experienced a significant
increase in self-care ability, rising from 22.00+10.76 at baseline to 44.10+4.49 at 42 days follow-up. On the other hand,
the control group showed a more modest increase from 24.38 £9.74 at baseline to 27.28 +8.04 at 42 days follow-up. In
terms of self-care self-efficacy, the experimental group demonstrated notable improvement, with scores increasing from
2.25+1.15 at baseline to 4.50+0.59 at 42 days follow-up. Meanwhile, the control group’s scores remained relatively sta-
ble, changing from 2.68 £ 1.16 at baseline to 2.66 £0.80 at 42 days follow-up.

Table 6 indicates that, when analyzing the total sample of participants (n=80), knowledge of chemotherapy extravasa-
tion (r=0.805, p<0.001) and self-care self-efficacy (r=0.851, p<0.001) increased with increasing self-care ability. Fur-
thermore, knowledge of chemotherapy extravasation (r=0.721, p<0.001) increased with increasing self-care self-efficacy.
These correlations were computed across all participants, regardless of group assignment.

Table 5. The comparison of self-care ability and self-efficacy among two groups (N=80).

Variable Group | Pretest ‘ 21 days ‘ 42 days Source F P
MeantSD
Self-care Ability Cont. |24.38+9.74 |26.85+9.08 |27.28+8.04 | Group 46.93 | <0.001
Exp. |22.00£10.76 | 39.15+7.32 |44.10+4.49 |1ime 60.79 | <0.001
Time x Group | 35.37 | <0.001
Recognize chemotherapy extravasation symptoms Cont. 213+1.27 242+1.11 2.38+0.98 | Group 25.85 | <0.001
Exp. |1.75+0.98 | 3.48+0.88 |4.10+0.74 |1ime 48.19 | <0.001
Time x Group |29.70 | <0.001
Management of chemotherapy extravasation Cont. |20.20+8.65 |22.35+7.79 |22.65+7.56 | Group 37.31 | <0.001
Exp. | 18.48+9.66 |31.78+6.70 |35.90+3.54 |1ime 46.70 | <0.001
Time x Group | 25.97 | <0.001
Implementation of management of chemotherapy extravasation | Cont. 2.05+1.15 2.07+0.94 |2.25+0.87 |Group 63.87 | <0.001
Exp. |1.78+1.03 3.90+0.87 |4.10+0.78 |lime 49.83 | <0.001
Time x Group | 39.93 | <0.001
Self-Care Self-Efficacy Cont. |2.68+1.16 2.73+0.86 |2.66+0.80 | Group 41.40 | <0.001
Exp. |2.25+115 |4.06+0.76 |4.5+0.59 | Iime 45.00 | <0.001
Time x Group | 46.27 | <0.001
https://doi.org/10.1371/journal.pone.0343000.t005
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Table 6. Correlation of knowledge, self-care, and self-efficacy (N=80).

Variable Knowledge of Chemotherapy | Self-care Ability | Self-Care
Extravasation Self-Efficacy

Knowledge of Chemotherapy Extravasation | 1

Self-care Ability 0.805%* 1

Self-Care Self-Efficacy 0.721** 0.851** 1

*#<0.001.

https://doi.org/10.1371/journal.pone.0343000.t006

Participants’ perceived effectiveness of digital technology applications with educational program. The study
examined the perceived effectiveness of digital technology applications among 38 participants over three-time points
(Table 7). In the total scale of perceived effectiveness of digital technology applications, there was a significant increase
from 40.55+6.83 at baseline to 45.72+3.82 at 42 days follow-up (F=9.93, p<0.001). In the subscale of perceived
usefulness, participants’ perceived usefulness of the digital technology applications increased from 11.88 +2.60 at
baseline to 13.70+1.24 at 42 days follow-up (F=8.69, p<0.001). For perceived ease of use, the perceived ease of use
improved significantly from 12.33+2.14 at baseline to 13.70+1.27 at 42 days follow-up (F=6.93, p<0.05). In attitude
toward using, there was a notable positive change in participants’ attitude towards using the technology, from 8.28 + 1.40
at baseline to 9.08+0.80 at 42 days follow-up (F=5.28, p<0.05). Trust in digital technology applications showed a
significant increase from 8.08 £ 1.69 at baseline to 9.25+0.90 at 42 days follow-up (F=9.83, p<0.001).

Qualitative results

Our findings focus on how participants and nurses experience digital extravasation education intervention. The qualitative
analysis identified three overarching themes that encapsulate the impact of the educational intervention on patients under-
going chemotherapy: moving forward to self-care readiness, promoting emotional resilience, and enhancing positive care
environment.

Moving forward to self-care readiness. The digital education intervention was introduced to improve participants’
understanding of chemotherapy extravasation and enhance their self-care skills. This intervention fostered that trust by
providing clear, accessible information and empowering patients to take an active role in their treatment. As a result,
participants exhibited a significant increase in their knowledge and awareness of chemotherapy extravasation after
engaging with the program. With improved understanding, patients reinforce their readiness for self-care, enabling them to
take greater control of their well-being and actively participate in their treatment journey.

The participants described:

“Yesterday, a patient was lying on the bed next to me receiving chemotherapy. When the infusion site started swell-
ing, he didn’t notice because he had fallen asleep. Since | had already been instructed on this, | noticed it in time and

Table 7. Perceived Effectiveness of Digital Technology Applications (N=38).

Variable Pretest ‘ 21 days ‘ 42 days Source F p
MeantSD

Perceived Effectiveness of Digital Technology Applications 40.55+6.83 42.48+6.81 45.72+3.82 Time 9.93 <0.001

Perceived Usefulness 11.88+2.60 12.73+2.22 13.70+1.24 Time 8.69 < 0.001

Perceived Ease of Use 12.33+£2.14 12.88+2.24 13.70+£1.27 Time 6.93 0.002

Attitude Toward Using 8.28+1.40 8.45+1.50 9.08+0.80 Time 5.28 0.007

Trust 8.08+1.69 8.43+1.69 9.25+0.90 Time 9.83 < 0.001

https://doi.org/10.1371/journal.pone.0343000.t007
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acted quickly—I shut off the IV system and went to inform the nurses. Luckily, only a small amount had leaked out, and
| caught it in time. The nurses handled it, applied some compresses, and that was it—he recovered fine without any
serious issues.” (B5)

The nurse shared:

“When patients become more knowledgeable, they even help educate other patients. Some of them, after learning
about their condition and treatment, confidently share their knowledge with others. They take pride in what they know
and willingly guide fellow patients. Overall, they are much more informed. Many patients love to share what they've
learned. In rooms with some patients, they often engage in conversations, discussing and exchanging knowledge.
Especially when there are new patients with little prior understanding, the more experienced ones are eager to guide
and support them.” (A3)

Promoting emotional resilience. Through digital interventions, participants experienced a noteworthy positive
psychological transformation. Many individuals reported feeling more reassured, with reduced anxiety and fear about
chemotherapy. Patients exhibited greater confidence in their treatment journeys, contributing to improved emotional
resilience. This transformation fostered a sense of empowerment, with patients appearing more self-assured throughout
their treatment. Therefore, it enabled them to make informed decisions and actively participate in their care.

The participants expressed,

“After receiving counseling, my mental state has stabilized a bit. | understand more now, and | try to maintain a positive
mindset so | don’t worry too much. And nurses provide a lot of encouragement. Whenever | have any concerns, | just
ask, and they respond immediately. That helps me feel much less anxious” (C3).

“When | received this education program from the nurses, | felt that my knowledge was enhanced, helping me improve
my treatment process and access information to prevent complications and protect my health.... Not only that, but
during conversations with family members, other patients, and their relatives, | also share this knowledge.” (B5)

The nurse shared,

“Their mental well-being has improved—they are happier, more optimistic, and more confident. When they come to the
hospital, they no longer feel afraid of the hospital environment or chemotherapy. They feel more confident.” (A3)

Enhancing a positive care environment. These interventions fostered meaningful interactions, strengthening not
only nurse-patient relationships but also connections among patients and caregivers. Digital platforms enabled real-time
communication, allowing patients to share experiences, offer encouragement, and seek guidance from others undergoing
similar treatments. Additionally, participants could access educational resources anytime and anywhere, ensuring they
remained well-informed about their treatment. Digital interventions facilitated continuous care by enabling healthcare
providers to remotely monitor patients, offer timely guidance, and address concerns as they arose. This remote monitoring
did not involve IV chemotherapy administration at home; rather, it focused on communication and early detection of issues
through patients’ digital updates. Such timely exchanges helped nurses respond more quickly to side effects or adherence
difficulties, thereby enhancing patient safety and confidence. This ongoing support helped patients feel more connected,
empowered, and supported throughout their chemotherapy journey.

Some participants recounted,

“When there is a QR code, it is more convenient. When | have free time, | read it ....” (B1)
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“When I received this education program from the nurses, I felt that my knowledge was enhanced, helping me improve
my treatment process and access information to prevent complications and protect my health.... Not only that, but
during conversations with family members, other patients, and their relatives, | also share this knowledge.” (B5).

“The department is nice, and nurses are wonderful. They take great care of patients, providing thorough education for
both patients and their families so that we fully understand everything... | have no further expectations.” (C3)

The nurses explained,

“Being part of the nursing intervention team allows me to be closer to patients and communicate with them more easily.
It also helps me receive early reports from patients (even when they get home), enabling quicker intervention. This
approach strengthens the connection between nurses and patients.” (A1)

This sense of strengthened connection may have been partly influenced by the experimental context, where nurses were
more actively engaged in structured communication with patients as part of the intervention. As another nurse reflected,

“Honestly, | feel more at ease knowing that after each chemotherapy session, when patients are discharged, they

can inform their condition to me quickly via Zalo. Before, | used to worry a lot, wondering if they were okay at home.

If something went wrong and they couldn’t follow their treatment regimen, I'd feel guilty. Now, with them proactively
reaching out, it reduces my stress and anxiety. Otherwise, I'd constantly feel uneasy, fearing they might not know how
to handle a situation or whether they’d even think to contact me. Being part of this intervention group means | also
provide consultations via Zalo, which actually makes me happier. When patients ask questions, it shows that they trust
and need me.” (A3)

Discussion

The present study aimed to assess the impact of chemotherapy extravasation education, grounded in Orem’s self-care
theory, on the knowledge, self-care capabilities, and self-efficacy of patients undergoing chemotherapy. The findings
revealed no significant differences in the mean scores of the experimental and control groups before the educational
intervention. Altogether, these results indicate the positive effects of Orem’s self-care theory on increasing knowledge,
self-care, and self-efficacy in various patients and under different medical conditions, which are also consistent with
the results of various studies. Systematic reviews indicate that nurse-led interventions are the most effective strategy
for enhancing cancer patient outcomes [10,11]. Various interventions based on Orem’s theory have shown positive
influences during the transition from early stages to home care, significantly impacting cancer patients’ knowledge,
symptom management, their self-care behaviors, and self-efficacy [9,15,22—24]. Nurses are crucial in providing educa-
tion, emotional support, and personalized guidance to patients, which strengthens their capacity to manage their health
conditions effectively. By integrating evidence-based self-care implementation into regular cancer care, healthcare
providers can improve treatment adherence, reduce complications, and enhance the overall quality of life for patients
undergoing chemotherapy.

The qualitative analysis findings underscore the essential role of digital education in enhancing patients’ self-care read-
iness, strengthening emotional resilience, and fostering a supportive care environment. Schick et al. mentioned that digital
interventions positively impact the patient-healthcare provider relationship [25]. Additionally, a systematic review found that
digital patient education contributes to increased knowledge, emotional well-being, and behavioral changes [26]. These
findings are consistent with previous research emphasizing the value of patient-centered digital interventions in effective
disease management, reinforcing their role in improving health outcomes and patient engagement [27,28].
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A comprehensive strategy to support health education interventions should incorporate a multimodal approach that
includes video, handbooks, face-to-face interactions, telehealth, and e-health solutions [10,11]. By integrating these
modalities, the interventions can be more effective, patient-centered, and adaptable to diverse healthcare needs. Previous
reviews have indicated that oncology patients intend to utilize digital technologies following their transition back home to
enhance positive health outcomes and foster patient empowerment [29,30]. Despite the clear benefits of digital education
in promoting self-care, a major challenge remains: the cost of developing and implementing digital programs, particularly
in resource-limited healthcare systems. To address this issue, leveraging freely available digital tools and integrating artifi-
cial intelligence offers a cost-effective solution in our study. By incorporating free digital strategies and Al-driven solutions,
healthcare systems can overcome financial barriers while expanding access to high-quality patient education. Digital
platforms should complement traditional face-to-face education, ensuring continuous support and accessibility for patients
as they transition from hospital to home care.

Limitations

This study has several limitations that should be acknowledged. First, the qualitative component included in-depth inter-
views with only six participants, which limits the breadth of perspectives and transferability of findings. Although qualitative
research does not seek statistical generalization, future studies could expand the number and diversity of participants to
enhance data richness and representativeness. Second, the digital chemotherapy extravasation education program was
less effective for certain patient groups, such as older adults, illiterate individuals, people with disabilities (e.g., blind-

ness or hearing impairment), ethnic minorities with limited technological exposure, and low-income patients who lacked
access to smartphones. These barriers highlight the importance of developing alternative or complementary educational
approaches, including in-person counseling sessions, printed materials, and family-centered support strategies. Lastly, the
study was conducted at a single hospital in Vietnam, which may limit generalizability to other healthcare contexts. Future
research should involve multiple sites and larger, more heterogeneous samples to confirm these findings and optimize
intervention scalability.

Conclusion

In conclusion, the education regarding digital chemotherapy extravasation, grounded in Orem’s Self-care theory, highlights
the transformative potential of digital education in equipping patients for self-care, reinforcing emotional resilience, and
cultivating a supportive care environment. As digital technology continues to progress, its incorporation into healthcare
education will remain crucial for enhancing patient autonomy and improving overall treatment outcomes experiences.
Future research could explore the long-term impact of digital self-care education on patient outcomes and treatment
adherence.

Practice implications. Educating patients on digital chemotherapy extravasation through Orem’s Self-Care
Theory can enhance their skills in recognizing, preventing, and managing extravasation incidents. Additional research is
suggested to refine digital education strategies and evaluate their long-term effects on patient self-care behaviors.
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