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A B S T R A C T   

Background: Inadequate knowledge of intravenous fluid therapy among health care workers is a leading cause of 
errors resulting in increased morbidity and mortality in hospitalized patients. Because nurses are the cornerstone 
of infusion therapy, their knowledge of this subject is critical. This study assessed nurses’ knowledge of intra-
venous fluid therapy and examined relationships between their knowledge and the nurses’ demographic and 
training characteristics. 
Methods: A cross-sectional survey of 52 staff nurses working in medical and surgical wards was carried out at a 
County teaching hospital in Kenya. A validated 10-item survey questionnaire was used to measure nurses’ 
knowledge of basic aspects of intravenous fluids, including classification, ionic composition, indications, 
administration, monitoring, and related complications. The data were entered and analyzed by SPSS version 21. 
Results: Overall, the mean knowledge score on intravenous fluid therapy among nurses was 57.4% (SD =
±28.55), depicting moderately adequate knowledge. Adequate knowledge regarding intravenous fluid therapy 
was present in only 12% of the nurses, whereas 23% had inadequate knowledge. Knowledge deficiencies were 
highest regarding the ionic composition of intravenous fluids. A positive correlation was observed between 
nurses’ intravenous fluid therapy knowledge and previous further training on intravenous fluids (p<0.001), level 
of education (p < 0.001), and ward (p = 0.03). 
Conclusion: Nurses’ knowledge of intravenous fluid therapy is moderately adequate. Continuous education and 
training of nurses on IV fluid therapy should be conducted regularly to improve their knowledge and conse-
quently, the quality of patient care. Further research involving direct observation of nurses during intravenous 
fluid therapy is needed for validation of competency.   

1. Introduction 

Intravenous fluid therapy is amongst the commonest routine nursing 
care procedures and has been practised for more than 180 years globally 
(Severs, Hoorn, & Rookmaaker, 2015). It involves the administration of 
intravenous (IV) fluids, to nearly all hospitalized patients, for body fluid 
and electrolyte maintenance and as diluents for medications (Finfer 
et al., 2018). The intravenous fluids are liquid substances that are 
administered into the body’s circulatory system via a vein (Frost, 2014) 
and are classified as crystalloids, colloids, and blood products (West-
brook, Rob, Woods, & Parry, 2011). Crystalloid solutions are composed 
of water and electrolytes with the ability to cross a semi-permeable 
membrane into cells and tissues and thus used for fluid replacement; 
examples include 0.9% Normal saline, Lactated Ringer’s, and dextrose 

solutions (Lippincott, 2019). On the other hand, colloids contain large 
molecules that do not cross semipermeable membranes, thereby 
remaining within the blood vessels as volume expanders due to their 
high oncotic pressure; examples include albumin and low-molecular- 
weight dextran (Lippincott, 2019). The choice and dose of IV fluids 
are determined by the clinical status of a patient, indications, and con-
traindications (Gross, Samarin, & Kimmons, 2017). 

Intravenous fluid therapy is delivered collaboratively by nurses and 
physicians. Nurses’ knowledge of age-specific considerations during the 
administration of IV fluids is critical in promoting patient safety and 
preventing complications for positive patient outcomes (Gorski, 2017). 
The Royal College of Nursing (2016) standards of practice direct that the 
nurses involved in the administration of IV infusions be trained in 
infusion therapy, including IV fluids types, clinical judgment, 
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assessment, administration, monitoring, and complications. All of these 
subject areas are covered during basic Nursing education in most 
countries in addition to the classification, types, indications, and ionic 
composition of common IV fluids (Felver, 2017; Institute, 2013). Com-
plications of IV fluid therapy have been cited in the literature ranging 
from infiltration, extravasation, thrombophlebitis, and infections 
(Dychter et al., 2012) to organ failure resulting from prolonged over- 
infusion or under-infusion of IV fluids (Njung’e et al., 2017). 

Empirical evidence has continued to show that globally, errors 
attributable to knowledge inadequacies among health care workers in IV 
fluid therapy occur often (Lyons et al., 2018), in as high as 20% of the 
patients (Enquiry, 2011). Specifically, recent studies that have assessed 
nurses’ knowledge of IV fluid therapy have predominantly recorded 
average knowledge (Devi et al., 2016) to overwhelmingly inadequate 
knowledge scores in a majority of the nurses (Abwalaba et al., 2018; 
Lamsal & Shrestha, 2019; Othman & Ahmed, 2019). In South Africa, 
knowledge inadequacies in IV fluid therapy have also been reported 
(Luce, Soffair, & Parrish, 2019). 

Poor knowledge of IV infusion has the potential of jeopardizing the 
quality of care provided to patients and consequently lead to poor out-
comes. In Kenya, inappropriate IV fluid therapy accounts for about 17% 
of deaths among hospitalized patients (Abwalaba et al., 2018). These 
errors have been linked to inadequacies in IV fluid therapy knowledge 
among health care workers, including nurses (Abwalaba et al., 2018; 
Frost, 2014; Westbrook et al., 2011). Findings of a study conducted in 13 
Kenyan hospitals showed that inadequate knowledge of IV fluid therapy 
among nurses is a risk factor for mortality and further demonstrated that 
improved knowledge significantly reduced the mortality of patients 
(Akech et al., 2018). However, only a few studies have been conducted 
in the country to examine the nurses’ knowledge of IV fluid therapy to 
identify possible deficiencies. 

Continuous assessment of practising nurses’ knowledge of IV fluid 
therapy is critical in ensuring competency (Ahmed, Mohammad, El- 
Deen, & Sayed, 2013; Lamsal & Shrestha, 2019; Njung’e, 2018), as a 
reduction in the level of knowledge during nursing practice has been 
cited (Westbrook et al., 2011). As such, in-service training has been 
proven to be effective in promoting knowledge, understanding, and 
rationalization in monitoring patients on IV therapy (Vincent & 
Mahendiran, 2015). The 2016 Infusion Therapy Standards of the Infu-
sion Nurses Society recommends the regular use of written tests to assess 
nurses’ level of knowledge on various aspects of infusion therapy, with 
the integration of clinical scenarios to assess their critical thinking skills 
(Gorski, 2017). Such evaluations can help identify the training needs of 
staff nurses by assessing their level of knowledge of intravenous fluid 
therapy, and subsequently tailor the training based on deficiencies 
noted. This study assessed nurses’ knowledge of IV fluid therapy and 
further examined relationships between this knowledge and the nurses’ 
demographic and training characteristics. 

2. Materials and methods 

A descriptive cross-sectional study was conducted at a 300-bed ter-
tiary teaching hospital in Kiambu County, Kenya. The study was carried 
out in two medical and two surgical wards. The target population was all 
the 258 nurses working at the facility, with a study population of 60 
nurses working in the four wards. All nurses registered by the nursing 
council and working in the four wards were eligible to participate. 
However, student nurses and nurses who did not consent to the study 
were excluded. 

Fischer’s formula and Finite population correction for proportions 
were applied for sample size determination and a sample of 52 nurses 
was obtained. Calculation of the proportionate sample from the four 
wards based on the number of nurses in each ward was as follows: 

Number of nurses in specific ward
Total number of nurses in the four wards (60)

× Sample size (52)

Surgical ward 1: (26)/60 *52 = 23 
Surgical ward 2: 11/60 *52 = 9 
Medical ward 1: 12/60 *52 = 10 
Medical ward 2: 11/60 *52 = 10 

Subsequently, simple random sampling in which the researcher used 
randomly marked tickets (Yes/No) was conducted, and nurses who 
picked the ones marked ‘Yes’ were selected to participate in the study. 
Approval to conduct the study was sought from the ethics review com-
mittees at both the study site and the National Commission for Science, 
Technology, and Innovation (Permit number: NACOSTI/P/16/66942/ 
12664). The hospital administrators, departmental heads, and ward 
managers granted permission to collect data from the nurses at the 
medical and surgical wards. A validated 10-item survey questionnaire in 
the English language was developed informed by previous research 
(Fernandez, 2009). The structured questionnaire included a wide range 
of questions that measured nurses’ awareness of basic aspects of IV fluid 
therapy including the classification, ionic composition, indications, 
administration, monitoring, and related complications of IV fluid ther-
apy. It comprised of multiple choice questions in which respondents 
selected the correct answers such as the ionic composition of Lactated 
Ringer’s solution, and others that required a short factual answer, for 
example, on the classification of IV fluids. Further, demographic char-
acteristics of the respondents such as age, work experience, the highest 
level of education, further training on IV therapy, and their wards were 
also included as these could potentially influence the nurses’ knowledge 
of IV fluid therapy. 

Pretesting of the questionnaire was performed among nurses work-
ing at the gynecology ward at the study site due to similarity in char-
acteristics to the study population and thereafter, appropriate revisions 
of the tool was done to ensure validity. Notably, some of the questions 
were rephrased appropriately to ensure clarity and conciseness. Data 
collection was carried out over one month, in July 2017, to access nurses 
working in the various shifts. The nurses were informed of the study by 
the respective unit in-charges during the morning shift report prior to 
meeting the researchers. Voluntary participation was encouraged and 
informed consent was obtained from the nurses. The questionnaire was 
then distributed by the researchers to the study participants during their 
tea breaks. It took an average of 10 min to for them to complete, after 
which the questionnaires were handed back to the researchers and 
confidentiality upheld. Moreover, the questionnaires were serialized 
and did not include participants’ identification details to ensure 
anonymity. 

Data were checked for missing information, coded, entered, and 
double-checked for complete entries. The Statistical Package for Social 
Sciences version 21 was used for data entry and analysis. Scoring of the 
nurses’ level of knowledge was such that each correct response was 
awarded one mark whereas an incorrect response was awarded a score 
of zero. The least score was zero whereas the maximum possible score 
was 14. This was due to two questions that required listing of multiple 
answers: “Mention three ions contained in the Lactated Ringer’s solu-
tion.” and “Which two body systems are mainly monitored in the 
assessment of body fluid balance?” that earned the respondent 3 points 
and 2 points respectively. The aggregate scores were graded as follows: a 
score of 76–100% denoted adequate knowledge on the administration of 
IV fluids, 50–75% moderately adequate knowledge, and inadequate 
knowledge was for scores <50% (Fernandez, 2009; Lamsal & Shrestha, 
2019). 

Data analysis was performed using descriptive and inferential sta-
tistics. Univariate statistics, including frequencies, percentages, and 
means were calculated to summarize respondents’ demographics, 
intravenous fluid therapy training characteristics, and knowledge 
scores. Pearson Chi-square value was calculated to compare categorical 
variables and assess for statistically significant differences. Bivariate 
analysis was done to determine relationships between variables. A p- 
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value <0.05 was considered significant. The analyzed data was pre-
sented on charts, tables, and narrative text. 

3. Results 

3.1. Sample characteristics of the respondents 

A response rate of 100% was registered. Female nurses comprised 
69.2% (n = 36) of the participants. The majority of respondents (78.8%, 
n = 41) had attained a Diploma level of nursing training. Only a minority 
of the nurses (19.2%, n = 10) reported having undergone further 
training on intravenous fluid therapy during nursing practice. Over half 
of the participants (57.7%, n = 30) had work experience of more than 
20 years in nursing, with only 11.5% (n = 6) having worked for<5 years. 
Table 1. 

3.2. Level of knowledge on IV fluid therapy 

In assessing the nurses’ knowledge of IV therapy, various basic as-
pects of IV fluid therapy were tested. Over half of the nurses (57.7%, n =
30) correctly identified normal saline (NaCl 0.9%) as the most physio-
logical IV fluid in relation to plasma. The majority (84%, n = 44) of the 
nurses were unable to classify IV fluids generally into crystalloids and 
colloids and give examples. Nearly half (48.9%, n = 25) of the partici-
pants did not know the indications of the commonly administered IV 
fluids, including normal saline 0.9%, Lactated Ringer’s solution, and 5% 
dextrose in water. Only 15.4% (n = 8) of the participants were able to 
correctly identify at least three ions contained in Lactated Ringer’s So-
lution. However, all respondents correctly mentioned at least two body 
systems that were mainly monitored in assessing patients’ body fluid 
balance. The highest knowledge deficiencies were related to ionic 
composition and classification of IV fluids (p = 0.003). Concerning IV 
fluid monitoring and associated complications, mean knowledge scores 
on what to monitor during the administration of IV fluids to patients 
were slightly higher (Mean = 75.55; SD = ±24.43) compared to that on 
complications related to IV therapy (Mean = 46.65; SD = ±36.50). 
Table 2. 

The overall mean knowledge scores on IV fluid therapy by nurses at 
the adult medical and surgical wards was 57.4% (SD = ±28.55), which 
depicted a moderately adequate knowledge level. A higher proportion of 
the nurses (65%) had moderately adequate knowledge whereas 23% had 
inadequate knowledge regarding IV fluids (Fig. 1). 

3.3. Correlation of nurses’ IV fluid knowledge scores and sample 
characteristics 

Respondents’ knowledge scores were further stratified based on de-
mographic and training characteristics. There was a statistically signif-
icant difference in average knowledge scores of respondents based on 

ward type (p = 0.03). Nurses in surgical wards had higher average scores 
(61.0, SD ± 9.79) compared to their counterparts in medical wards 
(53.9, SD ± 14.70). 

The highest knowledge scores (79.7%), were registered among 
nurses with a Bachelor’s degree, specifically, those who had less than 
five years of post-qualification clinical experience (X2 = 75.669, p =
0.001). Also, participants with 1–9 years’ nursing experience had 
moderately adequate knowledge at 66.5%. Notably, nurses who had 
undertaken further training on IV therapy attained significantly higher 
knowledge scores than the rest (p < 0.001); however, their scores did not 
correspond to their work experience. 

Positive correlations were noted between nurses’ IV fluid therapy 
knowledge and the level of education (p = 0.001) and the nurses’ wards 
(p = 0.03). On the contrary, a negative weak correlation between par-
ticipant’s gender and the IV fluid knowledge scores was recorded, with 
higher scores registered among female nurses compared to their male 
counterparts which could be attributed to the higher number of females 
nurses in the wards (p = 0.07). Table 3. 

4. Discussion 

The findings of this study showed that the average level of knowl-
edge of IV fluid therapy among nurses in the medical and surgical wards 
was moderately adequate. A higher proportion of the participants (65%) 
had moderately adequate knowledge of IV fluid therapy compared to 
those who had adequate knowledge (12%), and inadequate knowledge 

Table 1 
Sample characteristics of the respondents (n = 52).  

S. No. Variables Categories n (%) 

1. Sex Female 
Male 

36 (69.2) 
16 (30.8) 

2. Age (years) 20–29 
30–39 
40–49 
≥50 

7 (13.5) 
12 (23.1) 
27 (51.9) 
6 (11.5) 

3. Work experience (years) 1–9 
10–19 
≥20 

9 (17.3) 
13 (25.0) 
30 (57.7) 

4. Level of education Bachelor’s degree 
Diploma 
Certificate 

9 (17.3) 
41 (78.8) 
2 (3.8) 

5. Further training on IV therapy Yes 
No 

10 (19.2) 
42 (80.8)  

Table 2 
Frequency of correct responses on nurses’ IV fluid therapy knowledge survey 
questions (n = 52).  

S.no 
no 

Variables n (%) 

1. Most Physiological IV Fluid in relation to blood 
plasma 

30 (57.7) 

2. Classification of IV fluids 8 (15.4) 
3. Indications of commonly administered IV fluids 25 (48.9) 
4. Ions contained in Lactated Ringer’s Solution 8 (15.4) 
5. What to monitor when administering IV Fluids (Mean = 75.55; 

SD= ±24.43)  
• IV infusion rate 44 (86.4)  
• Input output fluid balance 52 (100.0)  
• Cannula site infiltration 42 (80.8)  
• Daily body weight 18 (35.0) 

6. Complications of IV Fluid Therapy (Mean = 46.65; 
SD= ±36.50)  

• Thrombophlebitis 3 (5.8)  
• Infiltration and extravasation 31 (59.6)  
• Embolism 11 (21.2)  
• Fluid Overload 52 (100.0) 

7. Body systems monitored during IV fluid 
administration to assess fluid balance 

52 (100.0) 

Note: SD Standard deviation. 

12%

65%

23%

Nurses' Knowledge of IV Fluid Therapy

Adequate
Moderately adequate
Inadequate

Fig. 1. Nurses’ knowledge of intravenous fluid therapy.  
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(23%) of IV fluid therapy. These results are consistent with those of a 
recent study by Devi et al. (2016) in India which found that the majority 
of the nurses (55%) at the general hospital had moderate knowledge, 
while 13% of the respondents had inadequate knowledge. In contrast, 
Fernandez (2009) study in India among nurses obtained higher average 
IV fluid knowledge scores (75%) compared to the present study (57.4%). 
In contrast, inadequate level of knowledge on IV therapy among nurses 
was reported at a teaching hospital in Nepal (Lamsal & Shrestha, 2019). 
In an Iraqi study, a majority of the nurses (89.4%) had poor average 
scores (<50%) on IV fluid therapy knowledge (Othman & Ahmed, 
2019), which was worse compared to the present study’s number of 
nurses with inadequate knowledge (23%). In Kenya, Abwalaba, Ogutu, 
and Ng’ang’a (2018) reported that knowledge of IV fluid therapy was 
poor (scores < 60%) in the majority of nurses (88%) in a cross-sectional 
study carried out in seven hospitals in Kenya, The researchers rated 
scores <60% as poor, compared to the present study’s <50%. As 
observed in the aforementioned studies, some of the differences in the 
average nurses’ knowledge level may partly be due to disparities in the 
study methods and rating scales. Nonetheless, the knowledge in-
adequacies among nurses on routine nursing procedures raise questions 
on the quality of care delivered to the patients. 

Knowledge deficiencies in IV fluid therapy among nurses were 
significantly high regarding the ionic composition and indications of 
commonly administered IV fluids (84.6%). This finding is in line with 
observations of previous research by Ahmed et al. (2013) which re-
ported that only 14.5% of the nurses had good (scores >70%) knowl-
edge on the composition of fluids. Further, the requirement that daily 
body weight is recorded in patients receiving IV fluids to monitor fluid 
balance and as a potential indicator of over-infusion was correctly 
mentioned by a minority of the respondents in this study (35%), which 
concurs with results of an Australian study in which only 15% of patients 
on IV fluids had their body weight measurements recorded daily (East-
wood et al., 2012). However, all participants correctly mentioned fluid 
overload as one of the complications of IV fluid therapy and 
input–output fluid balance monitoring as a critical indicator of potential 
complications. Overall, the study participants demonstrated a higher 

knowledge base on IV fluid monitoring (Mean = 75.55; SD = ±24.43) 
compared to that of the complications (Mean = 46.65; SD = ±36.50) 
associated with IV fluid therapy. 

Concerning demographic characteristics, respondents in surgical 
wards had higher average knowledge scores (61.0, SD ± 9.79) on IV 
fluid therapy compared to their colleagues in medical wards (53.9, SD ±
14.70). These findings could be attributed to the frequent performance 
of the procedure due to the high number of preoperative and post-
operative patients on IV therapy for fluid maintenance and replacement 
traditionally practiced in surgical wards, due to the nature of patient’s 
conditions. 

The highest level of education of the respondents was significantly 
related to IV fluid knowledge scores, with Bachelor educated nurses 
posting higher average scores (79.7%) compared to their diploma 
(50.6%) and certificate colleagues (41.9%). However, only a small 
percentage of respondents had Bachelors (17.9%), with the majority 
having completed a diploma (78.8) in Nursing. This finding aligns with 
observations of previous research by Ahmed et al. (2013) in Egypt in 
which most of the nurses (88.6%) had a diploma and by Abwalaba et al. 
(2018) in Kenya where 50.5% of the participants were diploma holders 
with only 15.5% accounting for baccalaureate-level trained nurses. 
Within the Kenyan context, most of the nurse training institutions offer 
the diploma in nursing, a 3-year course, whereas universities provide the 
4-year bachelor of nursing training. The latter has higher cut-off points 
for enrollment and a longer training period, with a broader theoretical 
base, followed by a year-long internship. These differences in the cur-
riculum could have accounted for better IV knowledge scores among 
respondents with a Bachelor’s degree. 

Previous further training on IV fluid therapy was significantly 
correlated with knowledge scores (p < 0.001). The higher knowledge 
score among nurses who had undertaken further training on various 
aspects of IV fluid therapy (19.2%) concurs with findings reported in 
previous studies in adult wards in Egypt and England that demonstrated 
significant improvement (p < 0.0001) in nurses’ knowledge of IV fluid 
therapy following a designed in-service training protocol (Ahmed et al., 
2013), a 50% reduction in complications associated with IV therapy 
(Woody & Davis, 2013), and a 48% increase in fluid balance chart ac-
curacy after a quality improvement project conducted by Vincent and 
Mahendiran (2015). It is however notable that in the present study, only 
a small proportion of the nurses (19.2%) had undergone further training 
on IV fluid therapy consistent with findings of other similar studies. For 
example, only 16.4% of nurses in a medical ward at an Egyptian hospital 
(Ahmed et al., 2013) and 15.3% of nurses at a teaching hospital in Nepal 
had undertaken further training (Lamsal & Shrestha, 2019). Re-
spondents in the present study had learned the theoretical and practical 
aspects of IV fluid administration during their basic nursing training as a 
requirement of their curriculum. The in-service training was conducted 
at seminars, conferences, and in-house by visiting infusion nursing ex-
perts and other healthcare providers at the hospital. Nurses’ knowledge 
on IV fluid therapy was significantly correlated with their working 
experience which is consistent with works by Westbrook et al. (2011) 
that demonstrated a 10.9% reduction in IV therapy-related nursing er-
rors with increase in working experience until the sixth year of practice 
followed by a decline. This indicates that nurses forget the information 
they acquire during nursing training over time. This therefore indicates 
the need for regular in-service training programs at the hospitals on 
infusion nursing which would serve to update the nurses’ knowledge 
and enhance competency. 

Negative correlations were found between nurses’ knowledge of IV 
fluids and age (p = 0.13), and gender (p = 0.07). Similar findings have 
been reported by Fernandez (2009) in India on correlation with age (p =
0.90). On the contrary, findings by Lamsal and Shrestha (2019) study 
reported a positive correlation between age and the nurses’ level of 
knowledge (p = 0.012). The difference in knowledge score may have 
been due to differences in sample characteristics, with more female 
nurses participating in the present study due to their inadvertently 

Table 3 
Correlation of nurses’ IV fluid knowledge scores and sample 
characteristics.  

Variables Mean Knowledge score (%) 

Wards 
Medical 53.9, SD ±14.70 
Surgical 61.0, SD ±9.79 

P = 0.03  
Sex 

Women 58.5 
Men 56.3 

P = 0.07  
Age (years) 

20–29 61.3 
30–39 56.7 
40–49 58.9 
≥50 52.7 

P = 0.13  
Work experience (years) 

1–9 66.5, 
10–19 52.4, 
≥20 53.3 

P = 0.09  
Level of education 

Bachelor’s degree 79.7 
Diploma 50.6 

Certificate 41.9 
P = 0.001  

Further training on IV therapy 
Yes 49.7 
No 65.1 

p < 0.001  

Note: p < 0.05; SD Standard deviation. 
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larger numbers in deployment (Abwalaba et al., 2018; Ahmed et al., 
2013). 

5. Conclusion 

Nurses’ knowledge of intravenous fluid therapy was moderately 
adequate. Targeted educational intervention strategies on IV fluid 
therapy through continuous nursing education sessions or workshops 
should be conducted regularly with a specific focus on the ionic 
composition of IV fluids, their indications, and monitoring for associated 
complications, where deficiencies were most notable. There is a need for 
further studies incorporating observation of nurses’ practice of IV fluid 
therapy for validation of competency. 

Clinical significance and relevance: Adequate knowledge regarding 
IV therapy among nurses is important in ensuring quality healthcare, 
reducing IV-related morbidity and mortality, and improving patient 
outcomes. 
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