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Abstract

Oxygen therapy is essential in the management of emergency pneumonia, but differing administration protocols may
influence carbon dioxide CO_ retention and overall respiratory safety. This research aims to evaluate the effects of
various oxygen delivery strategies on COy levels in 120 adult patients presenting with emergency pneumonia.
Participants were randomly assigned to one of three groups: Low-Flow Nasal Cannula (LENC), Medium-Flow Face
Mask (MFM), or Titrated Oxygen (TOX) targeting optimal oxygen saturation (Sp05). Transcutaneous carbon
dioxide (TcCOy) levels were measured at baseline, 20, 40, and 60 minutes, alongside continuous monitoring of
SpO,, Respiratory Rate (RR), and arterial blood gases. The primary outcome was the temporal change in TcCO,
while secondary outcomes assessed the proportion of patients exceeding clinically significant CO2 thresholds. Statistical
analysis was performed using repeated measures ANOVA with post-hoc comparisons (SPSS), with significance set at
P < 0.05. Results demonstrated protocol-dependent differences in CO, accumulation. At 60 minutes, mean TcCO,
rose by 42.0+£3.2 mmHg in the Medium-Flow mask group (MFM), the Titrated Oxygen group (TOX), and the Low-
Flow Nasal Cannula group (LFNC). Clinically significant elevations in TcCO_ (>4 mmHg) occurred in medium-
flow patients, compared to the titrated group and the low-flow group. These findings suggest that titrated and low-flow
oxygen protocols minimize CO retention while maintaining adequate oxygenation, highlighting the importance of
individualized oxygen therapy in emergency pneumonia to prevent hypercapnia and optimize respiratory safety.
Keywords: Oxygen Therapy, Carbon Dioxide (COz) Accumulation, Emergency Care, Pneumonia, Oxygen
Administration Protocols.

INTRODUCTION

Pneumonia is an acute lung parenchymal respiratory infection causing inflammation, impaired gas
exchange, and life-threatening consequences. Unfortunately, pneumonia remains one of the most
common causes of morbidity and mortality worldwide and is particularly dangerous for adults who
present to the emergency room [1]. Oxygen therapy is a necessary management strategy for acute
pneumonia, with the goal for the clinician to correct hypoxemia and achieve adequate tissue oxygenation.
In the clinical environment, there are various delivery systems for oxygen therapy, including low-flow
nasal cannulas, faces masks, and patient-modulated titration systems [2].

Despite the above-mentioned benefits of oxygen therapy, it can lead to retention of carbon dioxide (CO3)
in patients with pneumonia, ventilation, lung compliance, and increased dead space. The retention of
carbon dioxide will exacerbate respiratory distress and change acid-base balance and subsequently lead to
hypercapnic respiratory failure [3]. Therefore, understanding different oxygen modalities and how they
affect CO, dynamics is critical so that it optimizes patient safety and outcomes in such a challenging
emergency environment.

Low-flow oxygen is thought to be safe and well tolerated but is inadequate to treat severe hypoxemia [4].
In contrast, medium- or high-flow systems can result in excessive oxygenation and oxygen-induced
hypercapnia in patients with compromised respiratory mechanics. Titrated oxygen delivery has focused
on adequate oxygen saturation (SpO5) and minimizing risk, and therefore is attractive for its accuracy and
lower risk of hypercapnia [5].

However, it use depends on continuous monitoring as well as availability of equipment and training, and
this availability continues to widely vary among emergency departments. Persistent hurdles continue to
exist, including inadequate standardized treatment protocols and little application of real-time
monitoring to early recognize accumulation of CO, [6]. Because of the presented hurdles, the need for
systematic comparisons to assess the safety and effectiveness of respective oxygen-delivery approaches for
emergency pneumonia is critical. Protocols that can maintain oxygenation and avoid accumulation of
CO, represent advancement in personalized treatments with better respiratory safety for this at-risk
population.

This research assesses the impact of various oxygen administration protocols on CO, build-up and
respiratory safety in emergency pneumonia patients.
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RELATED WORK

Research analyzed relationships between ambient CO and respiratory diseases and outpatient visits per
day in Lanzhou [7]. A time-series design used 2014-2019 visits (1,096,115) in an equipoising regression
and distributed lag models. For each 1 mg/m3 increase in CO, there was an increase of 1.23% for total
respiratory visits and 2.53% for asthma visits. Cold season and female sex were found to be associated
with stronger effects. Limitations included a single-city study, residual confounding, and fixed-site
monitoring uncertainty.

The research examined the role of Superoxide Dismutase type 1 (SOD1) in lipoid pneumonia, using
event-control learning reconsidering intervention and 134 cases and 134 matched controls, adjusted with
logistic regression and Receiver Operating Characteristic (ROC) curves. Higher SOD1 was associated
with lower odds of lipoid pneumonia, ROC 0.739 with sensitivity 59.7% and specificity 82.4% [8].
Results indicated diagnostic utility in addition to routine markers. Limitations included a single-center
design, retrospective data, and unmeasured confounding.

A turn-on Near-Infrared (NIR) fluorescent probe for CO tracking in infectious pneumonia and Cd?*
stress in plants was brought into research. The method included synthesis, spectroscopic characterization,
and imaging in biological systems, published in Journal of Hazardous Materials 495:139135. Outcomes
explained NIR emission with CO-induced signal enhancement and successful in vivo/in situ imaging
demonstrations [9]. The reporting emphasized the dual applicability of the findings across both infection
method and plant stress models. Constraints were present in the abstract-level revelation of performance
measures and limited public access to complete quantitative parameters. The investigation determined if
preoperative Fluorodeoxyglucose Positron Emission Tomography (FDG-PET) visual uptake in interstitial
pneumonia fields predicted acute exacerbation following lung resection. 193 cases of lung cancer received
PET- Computed Tomography (CT) and qualitative Interstitial Pneumonia (IP)-field uptake scores. Acute
Exacerbation (AE) incidence was 10.0% with FDG accumulation versus 0%; 90-day mortality was 6.9%
versus 0% [10]. Multivariable analysis identified FDG accumulation as an independent risk factor for AE.
Retrospective single-institutional data and subjective visual scores were limitations.

Research discussed lung cancer operation following COVID-19 infection in the context of simple
interstitial pneumonia and restraining ventilatory damage. Treatment included left basal segmentectomy
7 weeks from the time of infection, with serial pulmonary function monitoring subsequently at 61.7 at
12 weeks [11]. The procedure was completed without AE-IP in early follow-up. Limitations were single-
patient data and limited generalizability. Research compared baricitinib with methylprednisolone in
severe pneumonia. The hospital cohort included 182 patients compared to control vs standard care [12].
The combination enhanced peripheral Sp0, and resulted in a lower oxygenation index compared to the
control group; adverse reactions were not significantly different. Drawbacks were non-blinded design
specifics and missing granular effect sizes in open summaries.

MATERIALS AND METHODS

The research was conducted as a prospective, randomized controlled trial to ascertain how various oxygen
delivery strategies affect CO, accumulation in patients who present to the emergency department with
pneumonia. Adult patients requiring oxygen therapy at the time of admission were considered eligible.
The participants were arbitrarily allocated to one of three interference arms and observed for
transcutaneous CQO, and associated respiratory parameter changes. The research was conducted in
adherence to ethical guidelines, and informed consent was provided by all patients before they
participated.

Participation

A total of 120 adult patients (>18 years) with pneumonia based on clinical presentation, radiographic
evidence, and laboratory results were included.

Inclusion Criteria

Adult patients who were 18 years and older were eligible if they had confirmed cases of acute pneumonia
as identified by clinical assessment, radiography, and laboratory work. The participants needed to require
emergency oxygen therapy, which was given as an Sp0O, of less than 92% on room air, and must be
hemodynamically stable during presentation.

Exclusion Criteria

Patients with a history of long-standing respiratory illnesses like Chronic Obstructive Pulmonary Disease
(COPD), Obstructive Sleep Apnea (OSA), or Interstitial Lung Disease (ILD), or who were intubated or
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needed mechanical ventilation upon admission, were excluded. Exclusion was also made for patients with
neuromuscular disorders impacting the respiratory system, patients with established severe hemodynamic
instability or shock, and those who refused to give informed consent to participate in the research.
Group Allocation

The eligible patients were arbitrarily allocated in a 1:1:1 ratio to one of the three intervention groups
through a computer-generated random sequence with sealed opaque envelopes. The Low-Flow Nasal
Cannula Group (LENC) was administered oxygen at 2-4 L/min through nasal cannula, the Medium-
Flow Face Mask Group (MFM) was administered oxygen at 6-8 L/min through a simple face mask, and
the Titrated Oxygen Group (TOX) was administered dynamically titrated oxygen through a nasal cannula
or Venturi mask to keep (Sp0,) between 92% and 96%. Patient and clinician blinding was not possible
because the intervention consisted of overtly different methods of oxygen delivery; outcome assessors and
data analysis were blinded to group assignments to minimize assessment bias.

Data Collection

A total of 120 patients were recruited and divided similarly into the three oxygen supply protocols (n =
40 per group). All patients were monitored for 60 minutes uninterrupted once oxygen therapy was
initiated. Transcutaneous CO, was assessed by a calibrated transcutaneous monitor at baseline, 20, 40,
and 60 minutes, whereas SpO , was measured with continuous pulse oximetry. Respiratory Rate (RR)
was counted manually at each time point, and arterial blood gas was obtained at baseline and at 60
minutes to validate CO, trends. All the measurements were taken by trained nursing personnel according
to standardized clinical protocols.

Measures

The main outcome of the research was temporal alteration in transcutaneous CO, levels among the three
groups during the 60-minute period of monitoring. Secondary outcomes were the proportion of patients
who had developed clinically significant CO,, retention, that is, a rise of >4 mmHg above baseline, as well
as assessment of oxygenation status by maintenance of (Sp0O,) within the optimal range, and assessment
of alteration of RR and arterial blood gas parameters.

Sample Size Calculation

The sample size was determined using a difference of at least 2 mmHg in TcCO, increase between groups,
given a standard deviation of 2.5 mmHg, and a = 0.05, and power (1—[) = 0.8. The total number of
patients in each group, therefore, was at least 35. For the dropout rate, this was increased to 40 patients
per group, resulting in a total of 120 patients recruited.

Statistical Analyses

Each of the statistical analyses was carried out using IBM SPSS version 25.0. Continuous variables were
reported as mean * standard deviation with a check for normal distribution before testing. Using repeated
measures ANOVA, transcutaneous CO; changes over time were compared across the three intervention
groups. For significant group changes, post-hoc pair-wise comparisons with Bonferroni adjustment were
used to find specific intergroup differences, which were evaluated, and a two-tailed p value < 0.05 was
considered statistically significant.

RESULT AND DISCUSSION

This research is intended to assess the effect of different strategies of oxygen administration on CO load
in emergency pneumonia patients in connection with maximising respiratory safety and clinical
effectiveness in adult patients.

Temporal Change in TcCO,

TcCOs, levels increased over time in each group, with differing rates of change in the group and significant
grouping differences. Table 1 and Figure 1 display the changes in TcCO, over time for the oxygen groups.
Table 1: Time-dependent Change in TcCOj across the LENC, MFM, and TOX groups.

Time (Minutes) LFNC MFM TOX

0 41.243.4 41.54+3.2 41.1+3.6
20 41.543.3 429434 419434
40 41.843.2 44.243.5 423433
60 42.013.2 45.3+3.6 42.61+3.4
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Figure 1: Protocol-dependent differences in TcCO, accumulation in patients with pneumonia.
All groups had slow and steady increases across each status over 60 minutes; however, the MFM group
exhibited the largest increase, suggesting a higher degree of CO, retention. LENC and TOX reported
moderate increases, suggesting that these methods were more effective at reducing CO, build-up while
providing stabilization for these patients.
Clinically Important CO, Accumulation
The percentage of patients with TcCO, increase >4 mmHg differed profoundly among groups. Table 2
displays the patients exceeding the TcCO, threshold by oxygen groups.
Table 2: Number and Proportion of Patients Exceedingly Clinically Significant TcCO, Threshold
Across Oxygen Administration Groups

Oxygen Groups Patients Exceeding Threshold, n (%)
LENC 3 (8%)

MEFM 17 (42%)

TOX 6 (15%)

A higher proportion of patients in the MRF group was observed to have crossed the threshold as
compared to those in the LENC or TOX groups. This specifies that MFM usage is linked with an increased
risk of CO, retention, while LENC and TOX groups reflected a safer profile with fewer patients reaching
the critical mark.

Oxygen Saturation and Respiratory Rate (SpO3 and RR)

All groups preserved SpO, >92%. There were no significant differences in SpO, among groups over time.
RR increased slightly in the medium-flow mask group but this was not significant. Table 3 shows the
SpO; and RR over time across oxygen administration groups.

Table 3: Comparison of RR and SpO, among three oxygen administration regimens: TOX, MFM, and
LFNC.

Time (min) | SpO2 (%) | SpO2 (%) | SpO2 (%) | RR (LENC) | RR (MFM) | RR (TOX)
LFNC MEM TOX

0 90.5+2.1 90.8+2.3 90.7+2.2 22.14£3.6 22.54+3.8 22.343.5

20 93.0£1.8 94.242.0 93.8+£1.9 21.843.4 23.0+3.7 22.01£3.3

40 93.5+1.7 94.5+1.9 94.0+1.8 21.543.2 23.243.6 22.0+3.2

60 93.8+1.6 94.71£1.8 94.3+1.7 21.543.1 23.543.5 22.1+3.2

SpO;, levels at the baseline (0 min) were comparable among groups (LENC: 90.5 £ 2.1%, MEFM: 90.8 +
2.3%, TOX: 90.7 £ 2.2%), with corresponding RR values being approximately 22 breaths/min. With the
passage of time, SpO, continued to improve in each group, and this was 93.8 + 1.6% LFNC, 94.7 + 1.8%
MM, and 94.3 + 1.7% TOX at 60 min, with MFM experiencing the maximum rise. RR in the LFNC
and TOX groups was mostly constant (21.5-22.1 breaths/min), while it increased slightly with MFM,
reaching 23.5 * 3.5 at 60 min. In general, MFM showed more improvement in oxygenation but was also
related to a smaller increase in respiratory rate than LENC and TOX.
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This research assessed the impact of various oxygen administration protocols on CO, build-up and
respiratory safety in emergency pneumonia patients. In spite of the large body of research on pneumonia,
there are some gaps. The effect of ambient carbon monoxide on pneumonia outcomes and oxygen therapy
effectiveness is not yet fully investigated (7). Predictive imaging strategies, such as PET-based visual
assessment, are not yet combined with oxygen therapy protocols (10). Pharmacological treatments
combined with oxygen therapy, such as baricitinib with corticosteroids, are not yet fully evaluated in
clinical trials (12). This research evaluated the effect of different oxygen treatment protocols on CO,
accumulation and respiratory safety in emergency pneumonia patients.

CONCLUSION

The research presented that oxygen treatment protocols affected CO,, retention in emergency pneumonia
patients. Medium-flow face masks led to the greatest CO, retention, whereas low-flow nasal cannula and
titrated oxygen reduced hypercapnia. All groups ensured proper oxygenation, but individualized oxygen
delivery was more effective in providing respiratory safety. The results highlighted the need to choose
proper oxygen strategies to avoid CO, retention and maximize patient outcomes in emergency
departments. At 60 minutes, the mean TcCO, was 42.0+3.2 mmHg in the MFM, 45.3+3.6 mmHg in the
TOX, and 42.6+3.4 mmHg in the LENC. Clinically significant elevations in TcCO, (>4 mmHg) occurred
in 42% of medium-flow patients, compared to 15% in the titrated group and 8% in the low-flow group
Limitations and Future Work

The research is limited by its brief observation time and single-center design, which can influence the
external validity of the results. Future work should investigate long-term consequences of oxygen
protocols, involve larger multicenter populations, and evaluate effects on clinical outcomes and safety.
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