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ABSTRACT

Introduction: Acid-base balance is one of the most essential physiological terms, which play a
crucial role in the examination of the patient and clinical observation. To control the patients well
and detect changes when they start to deteriorate, nurses should have a good grasp of acid-base
physiology.

Objective: The paper examined the impact of the level of knowledge of acid-base balance on
clinical surveillance practices of nurses in Northeastern Pakistan.

Material & Methods: A cross-sectional, correlational, descriptive study was conducted on 403
registered nurses in different clinical settings in Northeastern Pakistan. The questionnaire was
structured and validated, and it was completed by over four weeks by five sections: demographics;
acid-base knowledge (10 items); clinical monitoring skills (12 items); knowledge to practice
application (5 items); and barriers to effective monitoring. The statistical tests included descriptive
statistics, Pearson correlation, independent t tests, one way ANOVA and linear regression.

Results: Nurses had high scores on acid-base knowledge (mean of 9.78/10, SD of 0.58) and clinical
monitoring skills (mean of 53.8/60, SD of 6.2). There was a great deal of correlation between
knowledge and skills (» = 0.82, p = 0.001). Greater qualification, experience, and formal training in
ABG was an indicator of superior skills. Heavy workload was the most prevalent (54.1%) and lack
of time (36.0%). Knowledge explained 52% of the variance in monitoring skills (R* = 0.52).
Conclusion: The clear understanding of acid-base balance is a key to the formation of clinical
monitoring skills of nurses. The enhancement of patient monitoring practices will be achieved by

the strengthening of acid-base education and barriers of workload.

Keywords: Clinical monitoring skills, acid -base balance, nurses, Pakistan, nursing education.
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INTRODUCTION

One of the fundamental physiologic principles required during the evaluation and observation of
patients is acid-base balance. As the first-line caregivers, nurses are very important in the early
detection of acid-base disorders. One of their direct impacts on patient outcomes is their ability to
detect subtle differences in respiratory patterns, state of consciousness, and vital signs [1].
Systematic observation, assessment, and interpretation of patient data is called clinical monitoring
and is one of the core competences that distinguish expert nurses and novices and ensure patient
safety [2,3]. Although the nursing curricula addresses the physiology of acid-base, there is most of
the time a gap that exists between theory and practice. This gap between theory and practice is an
important topic in nursing education with the potential threat to patient safety [4-6]. It has been
reported that nursing students performed poorly on written exams, but they failed to apply their
learning in the bedside [4,5]. Acid-base disturbances are common in the critically ill patients and are
associated with a high mortality. Deviations in the parameters of arterial blood gases are also the
foretellers of bad results among patients who are under intensive care [7], low blood pH is also a
strong indicator of adverse final results [8]. Septic patients in Pakistan would have metabolic
acidosis, and it was associated with fatal outcomes [9]. Physical examination (respiratory rate,
depth, pattern, level of consciousness, vital signs) and analysis of diagnostic data, especially arterial
blood gas (ABQ) are part of clinical monitoring regarding acid-base balance [2,3,10]. The proper
understanding of ABG requires a good theoretical foundation [10-12]. Nurses who understand the
pathophysiology of acid-base have a greater advantage to diagnose the beginning of deterioration,
care formulation, effective communication with the healthcare team, and predict complications
[1,2,4,7-9,10-14]. There are a number of factors that determine the capability of nurses to use acid-
base knowledge in clinical practice. Increased level of education, deep clinical experience, and
formal training in ABG have been associated with better monitoring skills [1,3]. On the other hand,

workload, time, lack of confidence, and inadequate continuing education are the obstacles [3,9,15].
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Nursing education in Pakistan has evolved in the last thirty years. Pakistan Nursing Council
regulates nursing education and licensure and the Generic Bachelor of Science in Nursing program
includes pathophysiology and clinical rotations [3,9]. However, the evidence on the association
between theoretical knowledge of acid-base and clinical monitoring skills in the Pakistani context
among nurses is lacking [3,9]. Therefore, this study was aimed at exploring the role that the
classification of acid-base can play in the building of clinical monitoring proficiency in nurses in

Northeastern Pakistan.

Aim
This research will focus on the importance of acid-base knowledge in developing clinical

monitoring competencies in nurses in Northeastern Pakistan.

Objective: The research questions of this research are as follows:

1. To determine the degree of acid-base knowledge in nurses in Northeastern Pakistan.

2. To determine the self-reported degree of clinical monitoring skills in nurses working in
Northeastern Pakistan.

3. To establish the relationship between the knowledge of acid-base and clinical monitoring
skills of the nurses.

4. To compare clinical monitoring skills among various demographic and professional groups
such as gender, qualification, years of experience and the trainee status of ABG training.

5. To determine the obstacles that do not allow the nurses to monitor patients effectively to
detect acid-base imbalances.

6. To produce evidence to guide nursing education and practice on the management of acid-

base balances.
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MATERIALS AND METHODS

Study Design and Setting

The study was a descriptive, cross-sectional, correlational study, which was carried out across four
weeks among the Registered Nurses (RNs) in various clinical environments in Northeastern
Pakistan. The purpose was to test the effect of the knowledge of acid-base concepts on the clinical

monitoring ability of nurses.

Sampling and Eligibility
Study Period

The research was conducted for four weeks, between 1 December 2025 and 29 December 2025.

Type of Study
The relationship between acid-base knowledge and clinical monitoring competence in nurses was

examined in a descriptive cross-sectional correlational design.

Study Population
The sample included RNs who were employed in a tertiary hospital, district hospital, private clinic,
and community health center in Northeastern Pakistan. The student nurses, post RN nurses and

diploma-nurse graduates were not included to give similar clinical experience and training.

Inclusion Criteria
e Registered Nurse and valid license.
e Inuse in a clinical environment.
e Willing to participate

e (apable of comprehending and filling the questionnaire.
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Exclusion Criteria
e Unregistered (yet) student nurses.
e Nurses out on long leave or out during data collection.

e Informed consent was not given by nurses.

Sample Size Calculation

The OpenEpi v3.0 was used to calculate the sample size based on Cochran formula:

o Zp(=p) _(196) 05(1-05) o) oo
) PE (0,05)2 |

Where: Z = 1.96 (95% confidence level). p = 0.50 (proportion expected; this maximizes the sample
size since there was no previous research in this population) and d = 0.05 (margin of error).

Since we did not know the RN total population, we did not make any correction in terms of a finite
population. In this way, the minimum number of nurses was 385. All available and qualifying RNs
were invited to minimize the non-response bias. There was adequate statistical power and 403

nurses were responding.

Sampling Technique

Non-probability convenience sampling technique was selected due to the practicality: access to the
participants, time and the research exploratory nature. There was no possibility to use random or
probability-based sampling since a full sampling frame of all registered nurses in all clinical settings
in Northeastern Pakistan was not available. Moreover, the nurses were not always available on their
units since they were on shifts, leaves, and caring of patients, which made the use of probability-

based sampling impossible. We recognize that convenience sampling can be a source of selection
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bias because nurses who were available and willing to take part might differ with those who were

not. This restricts the generalization of the findings.

Participants were recruited through personal contacts
Several clinical sites that were chosen offered administrative assistance to the nurses. Recruitment
was done using nursing supervisors, head nurses and clinical coordinators who used the official

communication channels to pass the information about the study.

Context of Participation
The paper questionnaires were issued within the clinical setting. They could be done by nurses
during breaks or after shifts. The study details were provided in a concise manner and nurses were

not pressured to join in the study.

Voluntary Participation

The participation was on a voluntary basis. Nurses were given a clear information regarding the
objectives of the study, procedures and possible benefits and their informed consent form was
signed. They were also promised that their participation would not have any impact on their jobs or

professional status.

Bias Mitigation

Although convenience sampling may introduce self-selection bias, several measures were
implemented to minimize this risk. All qualified nurses were invited irrespective of previous interest
and knowledge. There were several reminders which increased representativeness. The fact that the
study was represented by various clinical settings in the Northeastern part of Pakistan also

minimized bias.
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Ethical Considerations
The research received the consent of the Institutional Review Board (IRB) of Abdul Wali Khan
University, Mardan.

e IRB Title: the institutional review board, Abdul Wali Khan University Mardan.

¢ [RB Number: IRB/2025/Acid-Base/Biochem/Nursing/0011

e Approval Date: 21-Nov-2025

The subjects were assured confidentiality, anonymity and the freedom to withdraw whenever they
wished without consequences. No personal identifiable data was gathered, all the data were coded

by number and safely kept by the research team.

Informed Consent
All the participants signed written consent before data collection. The consent form described the

purpose of the study, which was voluntary, the right to leave, and to confidentiality.

Incentives

No economic or non-economic rewards were provided to take part.

Instruments

Data Collection Tool

Data were collected using an organized and tested questionnaire that was based on previous and
confirmed research about the knowledge of acids and bases and clinical monitoring proficiencies.
The questionnaire was created based on regular nursing teaching material and subject-matter
experts revised the content of the questionnaires to ensure the content validity.

The questionnaire has been categorized into five parts as reported in Table 1.
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Section Content Number of Items
A Demographic Characteristics 6 items
B Acid-Base Understanding (Knowledge Test) 10 items
C Clinical Monitoring Skills (Self-Assessed Competency) 12 items
D Knowledge-to-Practice Application 5 items
E Barriers to Effective Monitoring 1 item (multiple response)

Table 1. Section Number of Items Content.

Section A

Demographic Characteristics such as age, gender, qualification, years of experience, work area and

ABG training status were included.

Section B

Acid-Base Understanding - involved ten multiple-choice question-based tests that evaluate pH,

PaCO 2, -HCO 3, nature of disorders, compensatory responses, and typical clinical situations. One

point was given a correct answer, making the possible score between 0 and 10.

Section C

Clinical Monitoring Skills- included twelve questions assessing self-reported abilities in respiratory

assessment, ABG and risk identification, prioritisation and communication. The scale was based on

a 5-point Likert scale:
e | Never/Not Confident,
e 2 Rarely/Slightly Confident,
e 3 Sometimes/Moderately Confident,
e 4 Often/Very Confident,

e 5 Always/Extremely Confident.

Total scores ranged from 12 to 60.
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Section D
Knowledge-to-Practice Application - consisted of five questions which tested how knowledge is

implemented in clinical practice.

Section E
Barriers to Effective Monitoring - had one item which provided the respondent with multi-choice

possibility of selecting more than one perceived barrier.

Validity and Reliability
Two experts a nursing educator and a clinical instructor validated content validity. Face validity was
developed through pilot testing ten registered nurses. Cronbach alpha (0.85) was used to measure
Section C internal consistency, which was good.
Content validity was established by two experts (a nursing educator and a clinical instructor). Pilot
testing was carried out to develop face validity using ten registered nurses.
The alpha of Cronbach was determined to determine the internal consistency of every section of the
questionnaire:

e Section B (10 items): o= 0.81.

e Section C (12 items): o = 0.85.

e Section D (5 items): o= 0.79.

The values are all above the acceptable level of 0.70, which means good internal consistency.

Data Collection Procedure

The questionnaire was written and sent out to the clinical situations of participants. The researcher

visited the selected health-care facilities at convenient times, approached the potential participants,
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informed them about the study, and invited them to participate in the study. Informed consent was
received by means of written informed consent. The questionnaires were given out and collected on
the same day to optimise the response rates. The collection of data went on till the required sample

size was achieved.

Statistical Analysis

The data were read with the help of SPSS version 26. All the variables were computed using
descriptive statistics. Means, standard deviations (SD), median, interquartile range (IQR),
minimum, and maximum were presented as the variables were continuous (age, knowledge scores,
skills scores, and so on). Categorical variables (gender, qualification, years of experience, work
area, ABG training status) were described in the form of frequencies and percentages.

Shapiro-Wilk test was used to test the normality of knowledge and skills scores; p-values were
found to be greater than 0.05, which proves that knowledge and skills scores were distributed
normally and, accordingly, matches the use of parametric tests.

Pearson correlation coefficients were used to test a correlation between skills scores and total
knowledge scores, and the assumption of linearity and normality was checked and fulfilled.
Independent-samples t-tests were applied to test the difference in mean scores of knowledge and
skills between male and female nurses.

ANOVA was used to determine the difference between the mean scores of knowledges and skills by
comparing groups of years of experience, the level of qualification and the area of work. The reason
why the test was selected was that the independent variables had more than two levels.
Premeditative homogeneity of variance and normality were investigated: the Shapiro—Wilk test
demonstrated non-significant p-values (p > 0.05) in all groups, and Levene test showed that
variance was equal (p > 0.05). Type I error was controlled when ANOVA showed significant

differences by Tukey, Honestly Significant Difference (HSD) post-hoc tests.
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The skills scores were predicted using knowledge score as the only predictor through simple linear
regression. Multiple linear regression was used to determine the independent predictors of the skills
scores, such as knowledge score, years of experience, qualification, and status of ABG training. All
predictors were included using the enter method. Linearity, independence of residuals,
homoscedasticity, and normality of residual assumptions were met. The 95% confidence interval for
correlation and regression coefficients was reported to show precision.

Regression assumptions verification: The individual predictive effect of academic knowledge score
of acid-base balance on clinical monitoring skills was assessed using simple linear regression.
Multiple linear regression was used to determine the independent predictors of clinical monitoring
skills after controlling for possible confounders, including qualification, years of experience, and
ABG training status.

The linear regression assumptions were checked before analysis. Linearity was assessed by visual
inspection of scatterplots of residuals against predicted values, which did not reveal any discernible
pattern. Normal distribution of residuals was verified using the Shapiro—Wilk test (p > 0.05) and Q—
Q plots. Homoscedasticity was assessed using the Breusch—Pagan test (p > 0.05), confirming
constant variance of residuals. Multicollinearity, where multiple regression was used, was evaluated
using variance inflation factor (VIF) values, which ranged from 1.12 to 1.89, indicating no
significant multicollinearity. Independence of residuals was tested using the Durbin—Watson test
(value = 1.98), indicating no autocorrelation.

The statistical significance level was established at p<0.05 and all the tests were two-tailed.

RESULTS
Demographic characteristics
There were 403 registered nurses who took part in the study. The average age of the sample was

34.8 (SD 7.2) and was between 22 and 52 years. The demographic characteristics are provided in
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Table 1, and the rest of the relevant findings are shown in Figures 1,2,3.,4.

Variable Category Frequency (n) Percentage (%)
Gender Male 207 514
Female 196 48.6
Qualification Diploma 253 62.8
BSN 117 29
MSN 33 8.2
Experience <1 year 33 8.2
1-5 years 132 32.8
6-10 years 123 30.5
> 10 years 115 28.5
ABG Training Yes 310 76.9
No 93 23.1
Training Recency < 6 months 48 15.5
6-12 months 54 17.4
> | year 208 67.1

Table 1. Demographic Traits of Participants

Figure 1 indicates the gender distribution of the 403 registered nurses. The percentage distribution

of males and females is 51.4 (207 nurses) and 48.6 (196 nurses), respectively, which is rather equal.

/] Frequency
[ | Percentage

200 -

150

100

50 —
Male Female

Gender

Figure 1. Gender of Participants.
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Figure 2 shows the level of education of the nurses. The majority of them had a Diploma in Nursing
(62.8% of 253 nurses), then a Bachelor of Science in Nursing (BSN) with 29.0% (117 nurses), and

finally a Master of Science in Nursing (MSN) with 8.2% (33 nurses).

- Percentage
7] Frequency

MSN j
BSN !

Diploma

Education

_

S A E e S S S S A
o} 50 100 150 200 250

Frequency

Figure 2. Qualification of the participants

Figure 3 provides the clinical experience of the nurses. The highest number was 1-5 years
experience (32.8, 132 nurses), then 6-10 years (30.5, 123 nurses), over 10 years (28.5, 115 nurses)
and less than one year (8.2, 33 nurses). The majority of nurses (76.9%, n=310) had received formal
training in ABG, while 23.1% (n=93) had not.

Figure 4 shows the latest date in which the 310 trained nurses received the ABG training.

The majority (67.1%, 208 nurses) of them were trained more than one year ago, 17.4 percent (54
nurses) trained 6-12 months ago, and 15.5 percent (48 nurses) had been trained within the past six

months.
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Figure 3. Experience of the participants
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Figure 4. Training Recency of the participants
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To Test the Acid-Base Knowledge Level of Nurses
Section 10 items assessed the knowledge that nurses had on the acid-base balance. Descriptive

Statistics of Knowledge and Skills Scores were shown in Table 2.

Variable Mean SD Median Min Max
Knowledge Score (out of 10) 9.78 0.58 10 8 10
Skills Score (out of 60) 53.8 6.2 56 38 60

Knowledge Score Distribution Frequency Percentage

(Score) (n) (%)

8 16 4
9 26 6.5
10 361 89.5

Skills Score Distribution Frequency Percentage

(Score Range) (n) (%)
35-40 12 3
41-45 42 10.4
46-50 84 20.8

51-55 70 17.4

Table 2. Descriptive Statistics and Distribution of Knowledge and Skills Scores (N=403).
The mean score was 9.78 of 10 (SD=0.58), which means that there is high knowledge.
Very high percentage (89.5%) (n=361) scored 10, which depicts a very good understanding of acid-

base concepts.

To Evaluate Self-Reported Clinical Monitoring Skills with the Nurses
Clinical monitoring skills were measured using section C (12 items) on a 5-point Likert scale. The
average was 53.8 of 60 (SD = 6.2), which was high self-report competence. The highest range (56-

60) had almost half (48.4) of the total scores, which reflects good monitoring skills.

To Establish the Relationship between the Acid-Base Knowledge and Clinical Monitoring
Skills

Pearson’s correlation analysis was conducted to examine the relationship between knowledge scores
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(Section B) and skills scores (Section C). As shown in Table 2, a statistically significant, positive,
and strong correlation was observed. Nurses with higher knowledge scores also demonstrated

higher clinical monitoring skills scores.

Variable Pair Correlation Coefficient (r) 95% CI v:l-ue
Knowledge Score & Skills Score 0.82 [0.78, 0.86] 0 ;01

Note: Pearson correlation assumptions were checked before analysis. The Shapiro-Wilk test was used to test
normality (p > 0.05). Scatterplots were used to determine the linearity and the relationship was linear. No extreme
outliers were observed (no values more than £3 standard deviations of the mean)

Table 3. Pearson coefficient of Knowledge and Skills Scores.

To Compare Clinical Monitoring SKkills in the various demographic and professional groups
Comparison by Gender

The difference between the scores of the skills of male and female nurses did not show significant
differences (p=0.156).

Comparison of Qualification

Higher level qualifications related with better clinical monitoring skills.

Comparison by Experience
As one becomes more skilled the skills increase. The distance between all the experience groups is

significant (p <0.01).

Comparison of ABG Training status

Table 3 summarizes differences in clinical monitoring skills scores according to demographic and
professional variables, as assessed through t-tests and one-way ANOVA.

ABG trained nurses scored significantly higher (p < 0.001). Central Finding: The greater the level

of qualifying is, the greater the monitoring skills. Post-hoc tests indicate that the MSN nurses had
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scores that were high as compared to the diploma nurses (p = 0.006).

Mean SKkills

Variable Categories N Score SD Statistic p-value
Gender Male 207 54.2 6 t=1.42 0.156
Female 196 534 6.4
Qualification Diploma 253 53.2 6.4 F=4.89 0.008
BSN 117 54.6 5.8
MSN 33 56.1 52
Experience <1 year 33 44.8 4.2 F=482 <0.001
1-5 years 132 51.2 5.1
6-10 years 123 55.4 53
> 10 years 115 57.8 4.6
ABG Training Yes 310 55.9 5.1 t=12.4 <0.001
No 93 46.8 5.5

Table.4 Comparison of Clinical Monitoring Skills by Demographic and Professional Groups

Knowledge-to-Practice Application
To assess the application of knowledge into clinical practice, Section D comprised five statements
rated on a 5-point Likert scale. Table 5 summarizes nurses’ responses in terms of mean scores and

standard deviations.

Statement Mean SD
D1: Theoretical knowledge helps recognize problems earlier 4.65 0.48
D2: Consciously apply acid-base concepts when assessing patients 4.42 0.69
D3: There is a gap between class learning and clinical practice 2.82 0.87
D4: Confident connecting lab results to physical assessment 4.38 0.71
D5: Continuing education would improve monitoring skills 4.92 0.27

Table 5. Knowledge-to-Practice Application Statements.

Key Findings:
e 05.8 percent said they agreed or strongly agreed that theoretical knowledge helps in early

problem recognition.
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e 90.1% said that they are aware of using acid-base concepts.

e Perceived gap between learning and practice in classrooms was seen in only 18.6% of the
people.

e 96.5 percent strongly agreed that the continuation of the education would advance

monitoring skills.

To Determine Bars to Counterproductive Nursing Care in the Surveillance of Acid-Base
Imbalances in the Patient

Participants were asked to identify perceived barriers to effective acid—base monitoring. Table 6
summarizes the frequency and percentage distribution of the reported barriers, with heavy workload

identified as the most common impediment.

Barrier Frequency (n) Percentage (%)
Heavy workload / too many patients 218 54.1

Lack of time 145 36

Lack of confidence in interpreting results 32 7.9
Insufficient training 28 6.9
Limited access to ABG results 12 3

Lack of experienced staff to consult 8 2

None 18 4.5

Table 6. Hurdles to Successful Surveillance.

The most frequently reported barriers to effective acid—base monitoring were heavy workload and

lack of time.

Regression Analysis
Simple Linear Regression

Simple linear regression was used to determine the prediction of clinical monitoring skills using
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acid-base knowledge scores.
Clinical monitoring skills were explained by knowledge score 0.52. The skills score increased by

8.82 points with each one-point increment in the knowledge score.

Model summary R? F-statistic df numerator df denominator p-value
0.52 441.0 1 401 <0.001
Predictor B SE t-statistic p-value 95% CI
Knowledge Score 8.82 0.42 21 <0.001 [7.99, 9.65]

Table 7. Simple Linear Regression Analysis.

Multiple Linear Regression
To identify clinical monitoring skills as related to the knowledge score, qualification, experience,

and status of the ABG training, the multiple linear regression was performed.

Model summary R? F-statistic df numerator df denominator p-value
0.81 425.6 4 398 <0.001
Predictor B SE t-statistic p-value 95% CI
Knowledge Score 7.45 0.38 19.6 <0.001 [6.70, 8.20]
Qualification 1.12 0.28 4 <0.001 [0.57, 1.67]
Experience 1.89 0.22 8.6 <0.001 [1.46,2.32]
ABG Training (Yes) 4.32 0.48 9 <0.001 [3.38, 5.26]

Table 8. Multiple Linear Regression Analysis.

The entire model explained 81 percent of the variance in clinical monitoring skills. Knowledge
score was the most significant one with experience coming in next, followed by ABG training status

and qualification.

Critical Discussion of the Results
The researchers concluded that the majority of the nurses had a high level of knowledge and a good

clinical monitoring ability associated with acid-base balance. However, on closer examination of
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the individual survey questions and subgroup analyses, there is a more detailed image. The nurses
were not equally effective in exhibiting flawless competency in all the clinical monitoring activities.
The level of knowledge was very high and K=89.5 and 10 is the highest possible mark, which
means that the theoretical basis is strong. Contrastingly, the variation in terms of skills scores was
less: 48.4 percent were in the upper tack (56-60), 20.8 percent were in the mid-range (46-50). This
implies that academic knowledge may not necessarily become an ideal clinical practice. Self-
reported skills differed even in the case of nurses who scored perfectly in terms of knowledge,
which suggests that other variables have an impact on performance. Demographic analysis of skills
scores was important in identifying some trends. Nurses who are less than one year experienced the
lowest average skills score (44.8/60), and those who are over ten years experienced the highest
(57.8/60). The gradual change highlights the importance of experiential learning but also brings up
the issue of the willingness of novice nurses to be able to monitor the patients in isolation. The
significant difference in means of 13 between novice and experienced nurses indicates that the
development of skills with the help of structured mentorship might be faster. Formal ABG training
was associated with much higher scores in skills (55.9 vs. 46.8, p 0.001). Nevertheless, 23.1 percent
of nurses were not sufficiently trained on the use of ABG, which stands as a serious gap in the
workforce susceptibility. On the Knowledge-to-Practice Application section, 95.8 percent of the
nurses concurred that theoretical knowledge aids in diagnosing the problems at an earlier stage, but
only 90.1 percent agreed to be conscious in applying the concepts of acid-base when evaluating
patients. The 5.7 percent disparity is the indication of a small yet significant gap between the
recognition and the regular use. Moreover, 18.6 per cent of nurses indicated that they felt
disconnected between their classroom and clinical practice indicating that theory-practice gap was
still present in some. The barriers analysis indicated that the most frequent barriers are heavy work
load (54.1) and time (36.0). Such systemic conditions can hamper the implementation of

competencies despite nurses being informed. The quality of monitoring is also a problem due to the
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high incidence of heavy workload which was the main area of concern regarding patient to nurse
ratio. The regression models (R? = 0.52; 0.81) and the correlation analysis (» = 0.82) indicate that
there is a medium-high correlation between knowledge and skills. But the complete model predicts
81 per cent of the variance leaving 19 per cent unaccounted. The remaining variance can be due to
factors that cannot be measured including personal motivation, cognitive burden, work culture, or
access to mentors. When most nurses were found not lacking in confidence in their skills, quite a
significant number showed concerns. Obstacles connected to the absence of confidence (7.9%), as
well as the lack of training (6.9%), indicate that the knowledge does not necessarily ensure the lack
of confidence or the positive attitude. These results highlight the importance of developing
confidence-building techniques and workload management of nursing education and practice. In
general, the findings suggest that even though the nurses are well-equipped in terms of acid-base
knowledge, the usage of that knowledge in clinical monitoring is experience-dependent, training-
dependent, as well as systemic. The educational interventions must be oriented not just on acquiring
the knowledge, but also confidence development, exposure to practical experience in simulation and
training exercises, and institutional concerns (workload, time limitations) to facilitate bedside

implementation.

DISCUSSION

This paper discussed the relationship between acid-base knowledge and clinical monitoring
competencies among nurses in Northeastern Pakistan. The results showed that the level of acid-base
knowledge (mean = 9.78/10, SD = 0.58) and self-reported clinical monitoring skills (mean =
53.8/60, SD = 6.2) was high and there was a positive correlation between the two variables (r =
0.82, p < 0.001). Such results imply that an excellent theoretical basis in acid-base physiology is
inextricably linked with improved clinical monitoring among nurses. The level of knowledge in this

study (89.5% stating 10/10) is in line with Dakic et al. [1] in which interactions teaching method
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enhanced the students’ knowledge of acid-base physiology. On the same note, Brown et al. [2]
observed that nursing students excel on written exams, but it is difficult to exercise the knowledge
in clinical practice, and this correlates with the current research in which some respondents show a
theory-practice gap. The correlation between knowledge and skills (» = 0.82) is strong, which is
similar to those of international studies. In their study, Nassar and Schmidt [15] and Prasad et al.
[18] noted that proper interpretation of ABG needs a sound theoretical foundation, which explains
why we have found that knowledgeable nurses report higher monitoring skills. Moreover, Endacott
et al. [5] discovered that successful monitoring involves the combination of technical skills and
clinical reasoning, which is also consistent with the high level of skills given by our participants.

No differences in clinical monitoring skills were significant between the genders (p = 0.156), which
concurs with Zhang et al. [10], who had no gender differences in metabolic abnormalities in nurses.
But, higher qualified nurses showed much better monitoring skills (F = 4.89, p = 0.008), with the
MSN-prepared nurses scoring higher than the diploma nurses (p = 0.006). This correlates with the
study of Baiee and Ali [19] who observed that increased education is related to enhanced
knowledge and skills. Clinical monitoring skills had a strong association with experience (F = 48.2,
p < 0.001), which is consistent with Endacott et al. [5], who have found that advanced nursing
competencies are acquired with time through clinical exposure. In the same vein, formal ABG
training was also connected with much higher skills scores (t = 12.4, p < 0.001), which confirms the
results of Fujimoto et al. [16], Zeserson et al. [17], and Prasad et al. [18] about the importance of
structured training. Most of the nurses (95.8% said that theoretical knowledge would help them
identify problems early and 96.5% said strongly that further education would enhance their
monitoring abilities. These results indicate that continuous professional growth is necessary, as it is
also stressed by Baiee and Ali [19]. The most common obstacles to effective monitoring were heavy
workload (54.1) and lack of time (36.0). These findings are in line with those of Zhang et al. [10]

who found that workload and shift-related stress are significant determinants of nurse behavior.
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These obstacles are especially applicable to the Pakistani environment, where the nurse-to-patient
ratios are difficult [20]. The regression analysis showed that the knowledge score alone was
sufficient to explain 52 percent of the variance in clinical monitoring skills (R? = 0.52), whereas the
complete model that contains knowledge, qualification, experience, and ABG training was
sufficient to explain 81 percent (R? = 0.81). Knowledge score was the strongest predictor (B = 7.45,
p <0.001), followed by experience (p = 1.89, p < 0.001), ABG training (B = 4.32, p < 0.001), and

qualification (B=1.12, p <0.001).

CONCLUSION

This paper has shown that there is a close relationship between acid-base education and clinical
monitoring competency among nurses in Northeastern Pakistan. These findings revealed that nurses
had good acid-base knowledge (mean = 9.78/10) and clinical monitoring skills (mean = 53.8/60),
and the two variables had a strong positive correlation (» = 0.82, p < 0.001). Increased qualification,
experience, and formal training on ABG were linked to better monitoring skills. The barriers to
effective monitoring were most often reported, 54.1%, and lack of time (36.0%).

Regression analysis found the best predictor of clinical monitoring skills is the acid-base
knowledge, which explains 52% of wvariance. The entire model comprising experience,
qualification, and training in ABG explained 81 percent of the variance. These results suggest that
theoretical understanding of acid-base balance is one of the factors correlated with clinical

monitoring competency in nurses.

Recommendation
e For Nursing Education
The teaching of acid-base contents should be supported by interactive and case-based methods

through nursing education programs to increase knowledge and memory [1,2]. The use of
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simulation-based training in the curricula is necessary to provide the students with a hands-on

experience of ABG interpretation and clinical monitoring practice [5,7].

e For Clinical Practice
A formal training process of practicing nurses should be developed by healthcare institutions since
formal training was significantly associated with a higher level of monitoring skills [15,17,18].
Continuous education programs must be carried out on a regular basis to sustain and improve

clinical competencies, particularly in acid -base management [19].

o [n the case of Healthcare Institutions
Workload and time issues should be handled with institutional leadership by maximizing the
number of nurses per patient, since the issue of workload per patient is the most prevalent one that
is reported as an obstacle to effective monitoring [10,20]. ABG results should be made available in
a timely manner to assist in clinical decision-making and to enable some timely interventions

[12,16].

e For Future Research
Objective data in clinical monitoring skills including direct observation or simulation-based
measures should be used in future studies to improve self-reported data [7]. Multi-centered research
in the various areas of Pakistan is required to enhance the overall external validity of the results

[20].

Limitations
This study has several limitations. To begin with, convenience sampling will restrict the

generalizability of the findings to the whole population of nurses in Pakistan. Second, the skills
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reported by the self might not be the ones that are objective in clinical performance, because
perceptions are not necessarily associated with competency. Third, the study design is cross-
sectional and therefore no causal inferences can be made; despite a strong association, it is not
possible to imply causality. Fourth, the research was only done in a single region (Northeastern
Pakistan) and this could not be generalized to other geographical regions. Fifth, causal relationships
cannot be drawn because of the cross-sectional design. The interrelationships mentioned in this
research are not causal but correlational. These limitations could be overcome by future studies

based on probability sampling, objective competency tests, and multi-center studies.
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