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Purpose: In 2010, the Global Strategy for Asthma Management and Prevention recommended reducing the reliance on treating acute
asthma exacerbations with short-acting B, agonists (SABAs) given potential adverse effects. However, more than a decade later,
SABAs, particularly nebulised salbutamol, remain at the forefront of acute asthma care. This study examined the physiological effects
of nebulised salbutamol in patients experiencing moderate to severe asthma exacerbations.

Methods: A six month, prospective and retrospective observational study was undertaken involving prehospital asthma patients
treated with nebulised salbutamol. Data were analysed using descriptive and inferential statistics, including paired comparisons and
exploratory subgroup analyses, to identify relevant trends and variability.

Results: Among 176 eligible patients, reductions were observed in heart rate (mean —3 beats/min) and respiratory rate (mean —5
breaths/min), with modest improvement in peripheral oxygen saturation (+2%). Capillary blood glucose (CBG) analysis was
conducted on a small prospective subgroup (n=8). A mean increase of +0.375 mmol/L was observed. When one clinically atypical
outlier was excluded (n=7), the increase reached statistical significance. Albeit interpretation is limited by the small sample size.
Conclusion: Administration of >5mg nebulised salbutamol in acute asthma exacerbations was transiently associated with improved
peripheral oxygen saturation and respiratory parameter changes during the prehospital treatment period. No clinically significant
increase in heart rate was observed overall. A small rise in CBG was observed in a small prospectively monitored subgroup. However,
the clinical significance of this finding remains uncertain. Larger, adequately powered prospective studies are required to confirm these
findings. The present findings are insufficient to recommend changes to current glucose monitoring practices in non-diabetic patients.
Keywords: asthma, beta-agonist, hyperglycaemia, capillary blood glucose, emergency care

Introduction

Asthma remains a significant global public health concern, associated with substantial morbidity, mortality, and
healthcare utilisation despite advances in pharmacological management. Acute exacerbations continue to account for
considerable emergency healthcare attendance and ambulance service utilisation worldwide.'” Asthma is a complex,
heterogeneous inflammatory disease shaped by diverse phenotypes, endotypes, disease mechanisms, and individual
patient profiles.' This heterogeneity influences disease presentation, progression, and response to treatment.* Clinical
outcomes may be influenced by variation in healthcare professional’s assessment, treatment approaches, and patient

perception of symptoms.>>°
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Understanding asthma pathophysiology, triggers, and patient specific factors can support tailored management
strategies aimed at reducing exacerbations, morbidity, and mortality.”® However, acute exacerbations may still occur
despite preventative strategies and can occasionally become life-threatening.’

B, agonists remain a mainstay of acute asthma management because of their bronchodilator effects on smooth
muscle.'”'! Nebulised salbutamol is widely used in prehospital and emergency care settings to relieve bronchospasm and
improve airflow during acute exacerbations, although variability in individual clinical response is recognised.'” As a B,
adrenergic agonist, salbutamol may also exert systemic physiological effects, including transient changes in heart rate
and glucose regulation through sympathomimetic stimulation and glycogenolysis.'*"'* Consequently, cardiorespiratory
observations such as respiratory rate (RR), heart rate (HR), and peripheral oxygen saturation (SpO,), alongside metabolic
indicators including capillary blood glucose (CBG), may provide clinically relevant markers of treatment response and
physiological effect. While systemic [, agonists are associated with recognised metabolic effects, previous studies
examining inhaled salbutamol at standard therapeutic doses have generally not demonstrated clinically significant
hyperglycaemia. The metabolic effects observed with oral or intravenous administration appear less pronounced with
inhaled therapy. Current asthma guidance has also moved away from SABA monotherapy, emphasising anti-
inflammatory reliever strategies. Nevertheless, nebulised salbutamol remains widely used in prehospital asthma care,
although physiological responses during acute exacerbations are not fully understood.

Intrinsic and extrinsic factors may further disrupt asthma exacerbation severity and treatment response.'™'®
Respiratory infections, including influenza and pharyngitis, alongside chronic conditions such as diabetes and cardio-
vascular disease, may compound asthma severity and complicate acute management.'”'®

This study aimed to characterise immediate physiological and metabolic responses following nebulised salbutamol in
acute asthma within a real world prehospital setting.

Materials and Methods
Study Design
This pragmatic observational study incorporated both prospective and retrospective components to evaluate changes in
CBG and cardiorespiratory parameters, including HR, RR, and SpO, following nebulised salbutamol administration. This
design allowed data collection during routine care without altering standard clinical practice, thus enhancing validity and
minimising bias.'®? Both pre and post treatment comparisons were undertaken within an acute emergency setting to
assess physiological changes during routine care.***

The prospective component enabled collection of additional variables not routinely recorded, including paired CBG
measurements. Inclusion and exclusion criteria, aligned with a preceding systematic review,” ensured uniformity and
consistency in data collection, and facilitated comparison across datasets.?%**

A schematic overview of the study design and data collection processes is presented in Figure 1.

Study Setting
The study was conducted within a single NHS ambulance service Foundation Trust, serving multiple counties in the
United Kingdom. Conducting the research within a single service enabled consistency in clinical protocols, care delivery,
and data capture, thereby limiting confounding variability across sites.?

Paramedics followed Trust clinical guidelines for acute asthma management, typically including the administration of
5 mg nebulised salbutamol driven by oxygen, repeated at clinician discretion. Supplemental oxygen was titrated to
maintain SpO, >94% in most adults unless otherwise indicated. Corticosteroid administration was not routinely under-
taken prehospital but was recorded where applicable. No additional standardisation of treatment was undertaken.

Sampling Strategy
A non-probability, purposive sampling strategy with criterion based selection was employed to ensure relevance to the
study objectives.?® Recruitment reflected the operational realities of emergency ambulance services, including seasonal
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Figure | Schematic overview of study design and data collection processes.

variation and healthcare system pressures. These factors affected patient availability and condition mix (eg, Chronic
Obstructive Pulmonary Disease) during the study period.”” %

Sample Size Estimation

A priori power analysis using G*Power determined that a minimum of 107 participants were required to detect
statistically significant effects (power: 80%, a: 0.05). This calculation assumed a moderate within subject effect size
for paired physiological comparisons. Based on historical data,”° recruitment of this sample was deemed feasible over
a six-month period, even when accounting for anticipated attrition due to exclusion criteria and operational variability.
While 176 patients met inclusion criteria, complete paired physiological data were available for 100 participants, and
paired CBG data for eight. Therefore, analyses involving these subsets should be interpreted cautiously relative to the
original power calculation.
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Data Collection and Recruitment

Phase |: Prospective Data Collection

From 10" March to 9™ September 2023, study-trained paramedics identified eligible asthma patients during routine
emergency calls. Following patient stabilisation and confirmation of eligibility, informed electronic consent was obtained
via a secure application on a work issued device prior to study-specific data collection. Paramedics were instructed to
collect paired observations, including CBG, HR, RR, and SpO,, before and after nebulisation, along with additional study
specific clinical details, including history of diabetes.

Pre-treatment physiological values were defined as the final complete set of observations recorded immediately prior
to administration of the first nebulised salbutamol dose. Post-treatment values were defined as the first complete
observation set recorded following completion of nebulised therapy during the prehospital encounter (typically within
20-30 minutes). Where multiple post-treatment readings were available, the earliest complete dataset following neb-
ulisation was used for analysis.

Phase 2: Retrospective Data Collection

All patients treated with nebulised salbutamol during the same time period were identified via the Trust’s Business
Intelligence Department. This approach increased sample size but relied on routine clinical documentation and was
therefore more susceptible to missing or inconsistent data®' Anonymised data were filtered using the same inclusion
criteria as the prospective phase, enabling comparison between routinely collected and prospectively gathered datasets

within the same operational setting.>

Electronic Recruitment Strategy
A bespoke electronic enrolment and consent form was created to work with the electronic Patient Clinical Record (ePCR)
system to support real time screening and data capture. This minimised duplication and aligned with routine clinical
workflows.

Condensed Patient Information Sheets (PIS) were provided for patients without Email access. The recruitment
process was ethically approved and compliant with NHS research governance requirements.>”

Paramedic Training
Participating paramedics completed a 30-minute online training package covering study procedures, recruitment, and
ethical considerations. The training was pilot tested and refined with input from the Trust’s Clinical Education

Department.>* Ongoing support was provided throughout the recruitment period.>

Inclusion and Exclusion Criteria
Selection criteria are outlined in Table 1. Prospective recruitment excluded non-English speakers and individuals with
significant communication barriers, where inclusion could risk compromising patient care or increase anxiety.*®>” While

interpretation services were available, their use was judged impractical in time sensitive emergency settings.

Data Management and Statistical Analysis
Data Handling
The CI manually entered data to ensure consistency in cleaning and verification.”® Missing data were common in the

retrospective dataset, while no missing primary data were identified in the prospective phase.

Study Population
During the six-month study period, 2412 patients with documented asthma received nebulised salbutamol. From this

population:
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Table | Inclusion and Exclusion Criteria

Inclusion Criteria

Exclusion Criteria

® Aged 16 years and over. (Adheres to common law legislation
regarding consent and removes any issues related to parental
responsibility)

® *Patients lacking capacity (Protects the patient should they
not be able to make an informed decision about the informa-

tion being provided)

® Documented history of asthma and presenting with signs
and symptoms consistent with acute asthma exacerbation.

(Identifies clear treatment regimen)

® |n respiratory/cardiac arrest. (Priorities change and metabolic

state alters)

® Managed using nebulised salbutamol (>0 minutes). (>10
minutes identified as the time taken for the drug to reach
the optimal desired effect)

® Known to be pregnant (Removes the potential data confusion
due to gestational diabetes)

® Provided informed electronic consent prior to study specific
data collection.

® Receive hydrocortisone, epinephrine, or ipratropium bromide
prior to second CBG. (Removes competing pharmacological

variables)

® *Patient must receive a CBG test within the first 10 minutes

of nebulisation. (Provides the base comparison figure)

® *Cannot be consented by the attending paramedic before

hospital admission. (Removes competing pharmacological

variables due to hospital management)

Note: *Highlighted criteria were only used for prospective data collection.

e Target Population (n=176): Patients meeting study inclusion criteria identified through anonymised retrospective
record review. These data were extracted from routine clinical documentation and did not require individual patient
consent under Health Research Authority approval.

e Per-Protocol Subset (n=100): Patients within the target population with complete paired pre and post treatment HR,
RR and SpO, data.

e Prospective CBG Subgroup (n=8): A subset of patients meeting the same inclusion criteria who were recruited
prospectively and provided informed electronic consent for additional structured data collection, including paired
pre and post nebulisation CBG measurements.

All remaining asthma patients treated during the same period formed a contextual retrospective cohort to assess
representativeness.

Statistical Analysis
Data were analysed using SPSS and G*Power. Cardiorespiratory parameters (HR, RR, and SpO,) were considered the
primary observational outcomes, while paired CBG analysis was considered exploratory given anticipated limitations in
prospective recruitment and paired glucose data availability.***° Percentages were used to improve interpretability.*'*?
Paired t-tests were used to assess within-subject differences in physiological variables before and after salbutamol
administration. Normality was assessed visually because of the small subgroup sizes. Given the limited sample sizes,
inferential findings should be viewed as exploratory.*’ The absence of a control group restricted causal inference.
However, pre and post treatment comparisons provided insight into transient associations.***
Given the small size of the prospective CBG subgroup (n=8), assumptions of normality and robustness of parametric
testing may not be fully satisfied. Inferential statistics in this subgroup were therefore interpreted with caution and
considered exploratory. No formal correlation coefficients were calculated and observed relationships between physio-

logical variables are described descriptively rather than as statistically confirmed correlations.

Ethical and Regulatory Considerations
The study and all components therein were conducted in accordance with the principles of the Declaration of Helsinki,
Good Clinical Practice guidelines and applicable governmental regulatory standards as stated below.
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This article uses the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidance.*®
The study was approved by the Health Research Authority (IRAS 32068) with ethics approval from the East of England -
Cambridgeshire and Hertfordshire Research Ethics Committee (REC 22/EE/0267). Further ethical approval (KU3202)
was obtained from Kingston University, London. Local research governance and Capacity and Capability (C&C)
approval was gained from the participating NHS Trust. In the prospective component, participants provided informed
electronic consent prior to additional study-specific data collection. Retrospective anonymised data were extracted under
Health Research Authority approval and did not require individual patient consent.

Although individuals aged 16-17 years were eligible for recruitment within the prospective cohort, no participants
under 18 years were enrolled. Any data relating to individuals under 18 years occurred only from retrospectively
collected datasets that were fully anonymised prior to analysis, therefore individual consent was not required in
accordance with applicable ethical guidelines.

Results

Retrospective Data Analysis

The retrospective review of ambulance clinical records over a six-month period showed that nebulised salbutamol was
administered across a range of presenting conditions beyond asthma alone. During this period 7426 patients received
nebulised salbutamol, of which 2412 (32.5%) had a documented history of asthma. The top ten presenting conditions for
patients receiving nebulised treatment, including those with and without a history of asthma, are detailed in Table 2.
Although some patients may report asthma without a definitive diagnosis, the study relies on documented clinical records
as an accurate representation of patient status, consistent with existing literature and the treatments administered.

Due to limitations in condition coding within the ePCR system, asthma was not consistently recorded as the primary
diagnosis in all cases where nebulised salbutamol was administered. In some instances, asthma may have been recorded
as a secondary or associated condition. Additionally, generic symptom coding, such as “sepsis”, may mask underlying
respiratory complications requiring bronchodilation, thereby complicating data interpretation.

Demographic data for both the “Asthma Population” and the broader “Target Population” were analysed to establish
representativeness and relevance. Although the primary research focus is not demographic based, this contextual
information supports the contextual relevance of the findings within the study setting. Demographic data for both the
asthma population and the target population are presented in Table 3 to provide context for the study example.

Call volumes remained relatively stable across the six-month period, averaging 29 patients per month.

Table 2 Top ten Presenting Conditions for Nebulised Patients, With and Without a Documented History of Asthma

Ranking All Nebulised Patient Conditions Asthma Patient Conditions
1. BO3 - Dyspnoea B02 — Acute Asthma
2. B25 - Acute exacerbation of Chronic Obstructive Airways BO3 - Dyspnoea

Disease (COAD)

3. BO5 — Respiratory Tract Infection BO5 — Respiratory Tract Infection

4. B02 — Acute Asthma B25 - Acute exacerbation of Chronic Obstructive Airways
Disease (COAD)

5. LO6 - Sepsis A04 — Chest Pain

6. A04 — Chest Pain LO6 - Sepsis

7. B37 — Productive Cough B37 — Productive Cough
8. LIl - Malaise LOO - Anaphylaxis

9. AO05 — Acute Heart Failure Null (No condition stated)
10. Null (No condition stated) LO3 — Allergic Reaction
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Table 3 Demographic Characteristics of Study Populations (Age, Gender, Ethnicity)

Demographic Asthma Population | Target Population | Target Population Sub Set
n=2412 n=176 n=100
Gender:
Female 1592 (66.0%) 112 (63.6%) 58 (58.0%)
Male 809 (33.5%) 62 (35.2%) 40 (40.0%)
Identifies as another term I (<.01%) 0 (0.0%) 0 (0.0%)
Unknown (Unrecorded) 10 (0.4%) 2 (1.1%) 2 (2.0%)
Age:
| -8 147 (6.1%) N/A N/A
9-15 96 (4.0%) N/A N/A
16 - 19 75 (3.1%) 28 (15.9%) 17 (17.0%)
20 - 29 211 (8.7%) 36 (20.5%) 21 (21.0%)
30-39 231 (9.6%) 23 (13.1%) 13 (13.0%)
40 - 49 241 (10.0%) 28 (15.9%) 15 (15.0%)
50 - 59 335 (13.9%) 19 (10.8%) 11 (11.0%)
60 - 69 353 (14.6%) 19 (10.8%) 13 (13.0%)
70-79 365 (15.1%) 17 (9.7%) 8 (8.0%)
80 - 89 259 (10.7%) 4 (2.3%) I (1.0%)
90+ 99 (4.1%) 2 (1.1%) I (1.0%)
Ethnicity:
African 9 (0.4%) 0 (0.0%) 0 (0.0%)
Any Other Asian background 18 (0.7%) 1 (0.6%) 0 (0.0%)
Any Other Black Background 9 (0.4%) 2 (1.1%) 0 (0.0%)
Any Other Ethnic Groups 10 (0.4%) 3 (1.7%) 2 (2.0%)
Any Other Mixed Background 9 (0.4%) 0 (0.0%) 0 (0.0%)
Any Other White Background 32 (1.3%) 7 (4.0%) 4 (4.0%)
Arab I (<.01%) 0 (0.0%) 0 (0.0%)
Bangladeshi 2 (0.1%) 0 (0.0%) 0 (0.0%)
Black British 8 (0.3%) 0 (0.0%) 0 (0.0%)
Caribbean | (<.01%) 0 (0.0%) 0 (0.0%)
Chinese 4 (0.2%) 1 (0.6%) 1 (1.0%)
Gypsy or Irish Traveller 1 (<.01%) 1 (0.6%) 1 (1.0%)
Indian 14 (0.6%) 2 (1.1%) 1 (1.0%)
Mixed White and Asian 2 (0.1%) 0 (0.0%) 0 (0.0%)
Mixed White and Black African 2 (0.1%) 0 (0.0%) 0 (0.0%)
(Continued)
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Table 3 (Continued).

Demographic Asthma Population | Target Population | Target Population Sub Set
n=2412 n=176 n=100

Mixed White and Black Caribbean 4 (0.2%) 1 (0.6%) 1 (1.0%)

Pakistani 7 (0.3%) 0 (0.0%) 0 (0.0%)

White British 1513 (62.7%) 84 (47.7%) 51 (51.0%)

White Irish 9 (0.4%) 0 (0.0%) 0 (0.0%)

Unknown (Unrecorded) 761 (31.5%) 74 (42.0%) 39 (39.0%)

Note: Percentages have been rounded to one decimal place.

Analysis of pharmacological treatment revealed that a cumulative dose of 5 mg of nebulised salbutamol was most
common, administered to nearly 90% of patients, while higher doses (10 mg and 15 mg) were less frequent, reflecting
standard dosing practices and clinical judgment.

Detailed patient observations conducted by paramedics provide insight into physiological changes following neb-
ulised salbutamol administration. Out of 176 patients, 141 had at least two sets of clinical observations recorded,
allowing for evaluation of changes over time. Distribution figures are presented to illustrate variability and directionality
of individual patient changes beyond summary statistics. The interval between initial and final observations averaged just
under 23 minutes, providing an appropriate window to observe acute physiological responses.

Baseline HR values ranged from 50-148 beats/min and showed a modest overall reduction following treatment
(Figure 2). Among patients with paired HR measurements (n=112), 32.1% showed an increase, 4.5% remained
unchanged, and 63.4% showed a decrease. The mean heart rate decreased from 101 to 98 beats/min, with a mean
change of —3 beats/min, median of —4 beats/min, and modal value of —2 beats/min.

Among patients with paired RR measurements (n=120), 76.7% showed a reduction, 19.2% remained unchanged, and
4.2% increased (Figure 3). Mean RR decreased from 25 to 20 breaths/min (mean change —5), with a median change of —4
and a modal value of 0.

Peripheral oxygen saturation (SpO,) increased from a mean of 95% to 98% (Figure 4). Among patients with follow-
up measurements, 60.4% showed an increase, 25.4% remained unchanged, and 14.2% showed a decrease. Changes
ranged from —5% to +30%, with a mean increase of 2%.
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Figure 2 Distribution of heart rate changes (y-axis: frequency of patients; x-axis: change in beats/minute from pre to post nebulisation).
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Respiratory Rate Comparison
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Figure 3 Distribution of respiratory rate changes pre and post treatment (y-axis: frequency of patients; x-axis: change in breaths/min from pre to post nebulisation).
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Figure 4 Distribution of oxygen saturation changes pre and post treatment (y-axis: frequency of patients; x-axis: change in percentage from pre to post nebulisation).

CBG measurements were recorded in 81 patients with values ranging from 4.1 to 26 mmol/L (Figure 5). Most pre-
treatment values were below 7.8 mmol/L, with a smaller proportion >7.8 mmol/L and >11.1 mmol/L. Post treatment
values showed a similar distribution. Only a small number of paired CBG measurements were available.

Peak Expiratory Flow Rate (PEFR) data were insufficient for meaningful analysis, with only four patients measured
and no follow-ups recorded.

Within the subset of 100 patients with complete paired data, decreases in HR and RR were observed in 65.0% and
74.0% of patients, respectively, with concurrent decreases in both parameters in 48.0%. SpO, increased in 59.0% of
patients. Descriptive patterns of concurrent physiological changes are presented in Table 4.

Among this subset, capillary blood glucose data after salbutamol administration revealed that 56.0% of patients had
glucose levels below 7.8 mmol/L, generally accompanied by decreased HR and RR, and stable or increased SpO2.
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Individual CBG Measurements
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Figure 5 Distribution of capillary blood glucose values recorded during the study period where paired data were unavailable, post-nebulisation values are shown in Group |
and pre-nebulisation values in Group 2 (y-axis: frequency of patients; x-axis: capillary blood glucose (mmol/L)).

Elevated glucose levels (=7.8 mmol/L) were recorded in 28.0% of patients, with some exceeding 11.1 mmol/L (Table 5).
These elevated values occurred across varied clinical presentations.

Prospective Data Analysis
In the prospective subgroup (n=8), HR decreased in 62.5% of patients, RR decreased in 87.5%, and SpO, increased in
75.0%. Mean changes were —0.38 beats/min (HR), —2.5 breaths/min (RR), and +3.8% (SpO,). Physiological changes
post salbutamol (SLB) administration are presented in Table 6.

In the prospective subgroup, CBG increased in most patients, with a mean change of +0.375 mmol/L. A sensitivity
analysis excluding one clinically atypical outlier case demonstrated statistical significance (Table 7). However, given the
small subgroup size, these findings should be viewed as exploratory.

Table 4 Descriptive Patterns of Concurrent Changes in HR, RR, and SpO,

Group Initial HR | Final HR | Initial RR Final RR Initial SpO, | Final SpO,
(n=100) (n=100) | (n=100) (n=100) (n=100) (n=100)

Mean 100.79 97.44 25.03 20.07 95.44 97.71

Standard Deviation (SD) 18.14 16.78 6.86 4.83 543 2.67

Standard Error Mean (SEM) 1.81 1.68 0.69 0.48 0.54 0.27

The two-tailed p value (Sig.) 0.0163 Less than 0.0001 Less than 0.0001

Test Statistic (t) 2.4441 8.6384 4.7305

Degree of freedom (df) 99 99 99

Mean of Initial measurement minus Final measurement | 3.35 4.96 —2.27

95% Confidence Interval of the Difference Lower Upper Lower Upper Lower Upper
0.63 6.07 3.82 6.10 -3.22 —-1.32

Significance Statistically significant. Statistically significant Statistically significant

(p<0.001) (p<0.001)
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Table 5 Mean, Median, and Modal Changes in Physiological

Parameters
Measure | Mean Median Modal
HR —3 beats/min —4 beats/min —4 beats/min
RR —5 breaths/min | —4 breaths/min | 0 breaths/min
SpO, +2% +1% 0%

Discussion

This study investigated the physiological and metabolic effects of nebulised salbutamol administration in adult asthma
patients treated by ambulance services. In this cohort, nebulised salbutamol was consistent with reductions in HR and RR,
alongside improvements in SpO,. A modest rise in CBG was also observed following treatment. Most patients showed
improved cardiorespiratory observations during the treatment period, although individual metabolic response was varied.

The reductions in RR and HR observed following treatment are consistent with relief of bronchospasm and reduced
physiological stress associated with improvement in respiratory distress. These findings align with previous literature
describing the bronchodilation effects of f,-agonists on airway smooth muscle and their influence on sympathetic
activity.*”** Nonetheless, the level and direction of HR change varied between patients, with a subset showing an
increase in HR following treatment. This variability may reflect differences in exacerbation severity, anxiety, recovery
from hypoxia, or individual cardiovascular sensitivity to B,-agonists.**° These findings highlight the variability of
physiological responses during acute asthma management.

SpO, increased in most patients during the treatment period. However, this finding should be interpreted cautiously.
Nebulised salbutamol was administered using supplemental oxygen, and ambulance protocols targeted oxygen satura-
tions above 94%. Consequently, some of the observed improvement in oxygenation may reflect supplemental oxygen
administration rather than bronchodilator therapy alone. Incomplete follow-up observations in some cases further limit
definitive interpretation of treatment related oxygenation changes. A proportion of patients also showed inconsistent
physiological responses, including cases where SpO, did not increase despite reductions in HR and RR. This likely
reflects the heterogeneous nature of acute asthma exacerbations and the influence of factors such as pre-existing oxygen
therapy, co-existing pathology, or variation in treatment response.

A modest rise in CBG was observed within the prospective subgroup. Although [,-agonists are recognised to
influence glycogenolysis and gluconeogenesis,”" the small subgroup size and presence of multiple confounding variables
preclude attribution of glucose changes solely to salbutamol administration. Acute physiological stress, corticosteroid
use, and pre-existing metabolic disease may also contribute to transient glycaemic variation during asthma exacerbations.
Most glucose values remained within clinically acceptable ranges.

The present findings are broadly consistent with previous studies reporting improvements in RR and SpO, following
inhaled salbutamol treatment in acute asthma. The mean reduction in RR observed within this cohort (—5 breaths/min)
and mean increase in SpO, (+2%) are comparable with previously reported short-term physiological improvements
following bronchodilator therapy in acute asthma management.’>”® The findings are also consistent with reports
describing circadian influences on asthma exacerbation patterns, including increased early morning presentations.>*
Furthermore, the predominance of female patients and broad age distribution observed within this cohort are consistent
with recognised demographic trends in asthma populations.”®>” The observed variability in CBG values is also consistent
with literature describing heterogeneous metabolic responses to physiological stress and medication exposure.’®>

A strength of this study lies in its use of routine ambulance service data, allowing evaluation of asthma management
within a routine emergency care setting. Yet several limitations should be acknowledged, including missing follow-up
observations, particularly PEFR measurements and limited assessment of treatment response. PEFR data were available
for only four patients and therefore could not contribute meaningfully to asthma specific physiological assessment.

Although PEFR measurement is recommended in asthma guidelines,’® operational constraints likely contributed to its
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Table 6 Prospective Data (Demographic and Vital Signs)

Pre-Nebulisation Measurements

Post Nebulisation Measurements

Pre/Post Measurement

Difference
ID. Age | Gender | Ethnicity SLB Pre- CBG Pre- Pre- Pre- Post- Post- Post- Post- Diabetic CBG HR RR SpO,
No. | (Yrs) Dose (mmol/L) HR RR SpO, CBG HR RR SpO, (Y/N) (mmol/ | (bpm) | (bpm) (%)
(mg) (bpm) | (bpm) | (%) | (mmoliL) | (bpm) | (bpm) | (%) L)

| 33 F White 10 4.9 110 18 92 6 125 18 98 No I.1 15 0 6
British

2 78 F White 5 5.6 70 26 94 5.8 78 24 95 Yes 0.2 8 -2 |
British

3 32 M White 5 4.8 104 20 99 6.2 92 18 99 No 1.4 -12 -2 0
British

4 *77 F White 5 8.9 117 32 90 72 112 28 94 No 1.7 -5 —4 4
British

5 63 F White 5 8.1 117 22 93 8.8 118 20 98 Yes 0.7 | -2 5
British

6 35 M Not 5 5.7 103 24 95 6.1 100 20 97 No 0.4 =3 —4 2
Stated

7 41 F Not 5 4.6 96 20 84 52 92 18 96 No 0.6 —4 -2 12
Stated

8 24 M Mixed 5 5.3 72 62 98 5.6 69 58 98 No 0.3 -3 —4 0

Background

Note: * Indicates patient undergoing End of Life Care who presented with a reduced CBG post salbutamol administration.
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Table 7 Inferential Analysis of Pre and Post Nebulisation (CBG)

Group Initial Final Initial CBG (*Outlier Removed) Final CBG (*Outlier Removed)
CBG CBG (n=7) (n=7)
(n=8) (n=8)

Mean 5.988 6.363 5.571 6.243

Standard Deviation (SD) 1.611 1.141 1.188 1.177

Standard Error Mean (SEM) 0.570 0.404 0.449 0.445

The two-tailed p value (Sig.) 0.2924 0.0067

Test Statistic (t) 1.1386 4.0501

Degree of freedom (df) 7 6

Mean of Initial measurement minus Final —0.375 -0.671

measurement

95% Confidence Interval of the Lower Upper Lower Upper

Difference
—-1.154 0.404 -1.077 —0.266

Significance Not statistically Statistically significant. Interpretation is limited by the small sample size and

significant. exclusion of an outlier.

limited use in the prehospital setting. Additionally, incomplete documentation relating to medication history and oxygen
therapy status limited contextual interpretation of physiological and metabolic findings.

The prospective subgroup represented only a small proportion of the overall cohort, limiting statistical power and
generalisability. Several important confounders, including supplemental oxygen therapy, corticosteroid administration,
baseline asthma severity, and anxiety-related physiological responses, could not be fully controlled, meaning they may
have also influenced HR, SpO,, and CBG levels.

As a whole, this study observed modest improvements in respiratory parameters following prehospital nebulised
salbutamol administration, while metabolic findings remained exploratory given limited paired glucose data.

Conclusion and Recommendations

In this observational prehospital study, nebulised salbutamol was associated with modest improvements in respiratory
parameters in most patients experiencing acute asthma exacerbations. Respiratory rate generally decreased following
treatment, while oxygen saturation improved in many patients during their prehospital care. No clinically significant
increase in heart rate was observed overall.

Small increases in capillary blood glucose were identified within the prospectively monitored subgroup, although the
limited sample size restricts interpretation of this finding. Variability in physiological response between patients likely
reflects the heterogeneous nature of acute asthma presentations encountered during routine ambulance care.

Further research should focus on larger prospective studies with more consistent physiological monitoring and
standardised timing of measurements. Improved collection of PEFR data and medication history would also strengthen
future analyses of prehospital asthma management and the systemic effects of inhaled B,-agonists.

Data Sharing Statement
The datasets used and/or analysed during the current study are available from the corresponding author on reasonable

request.
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