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Abstract 
Background: Low-flow anesthesia (LFA) reduces anesthetic gas waste and associated costs but raises concerns 
regarding hemodynamic stability, recovery, and soda lime consumption compared to high-flow anesthesia 
(HFA). 
Objective: To evaluate and compare hemodynamic stability, recovery profile, and soda lime consumption 
between LFA and HFA in adult surgical patients. 
Methods: This prospective randomized controlled study included adult ASA I–II patients undergoing surgery. 
Participants were randomly assigned to either the LFA group (≤1 L/min) or the HFA group (≥4–6 L/min). All 
patients received the same volatile anesthetic agent, and standard intraoperative monitoring was maintained 
throughout the procedure. 
Results: MAP and HR remained within 20% of baseline in both groups, with no statistically significant 
differences (p>0.05). Recovery times were comparable: LFA 10.5 ± 2.1 min vs HFA 10.2 ± 2.3 min (p=0.62). 
Soda lime consumption was significantly higher in the LFA group (1.9 ± 0.3 kg) compared to HFA (1.3 ± 0.2 
kg, p<0.01). 
Conclusion: LFA provides stable hemodynamics and comparable recovery profiles to HFA but requires greater 
soda lime usage. With proper monitoring, LFA is a safe and cost-effective alternative. 
Keywords: Low-Flow Anesthesia, High-Flow Anesthesia, Hemodynamic Stability, Recovery Profile, Soda 
Lime Consumption. 
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the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access 
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provided original work is properly credited. 
Introduction  

Anesthesia management plays a critical role in the 
success of surgical procedures, directly impacting 
patient outcomes and recovery profiles. Among 
various anesthetic techniques, the choice between 
low-flow and high-flow anesthesia has garnered 
considerable attention due to its implications on 
hemodynamic stability, recovery times, and 
resource utilization. Low-flow anesthesia, 
characterized by the administration of fresh gas 
flows less than 1 L/min, is designed to minimize 
the consumption of anesthetic gases and reduce 
environmental pollution. Conversely, high-flow 
anesthesia typically involves fresh gas flows of 4-6 
L/min or higher, ensuring rapid wash-in and wash-
out of anesthetic agents but often at the cost of 
increased agent consumption and potential wastage 
[1,2]. 

Hemodynamic stability during anesthesia is 
paramount to prevent intraoperative complications 
such as hypotension, tachycardia, or hypoxia, 

which can compromise tissue perfusion and organ 
function. Various studies have investigated the 
cardiovascular effects of different anesthetic flow 
rates, noting that low-flow anesthesia can maintain 
stable hemodynamics comparable to or better than 
high-flow techniques, owing to its steady-state 
maintenance of anesthetic concentrations and 
reduced fluctuations in blood pressure and heart 
rate [3,4]. However, the safety profile of low-flow 
anesthesia requires thorough evaluation, especially 
in high-risk patient populations and longer surgical 
procedures, to ensure that adequate oxygenation 
and carbon dioxide elimination are maintained [5]. 

Recovery profile is another critical parameter 
influenced by the anesthetic flow rate. High-flow 
anesthesia is traditionally favored for rapid 
emergence due to faster elimination of volatile 
agents from the body, whereas low-flow anesthesia 
has been associated with slower washout, 
potentially prolonging recovery times [6]. 

http://www.ijcpr.com/
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Nevertheless, advancements in anesthetic agents 
and monitoring technologies have challenged this 
notion, with emerging evidence suggesting that 
optimized low-flow anesthesia can achieve 
comparable recovery times while offering the 
benefits of reduced anesthetic consumption [7].  

Additionally, factors such as patient age, 
comorbidities, and type of surgery play pivotal 
roles in recovery dynamics and should be 
considered when selecting anesthetic flow rates. 

The consumption of soda lime, used to absorb 
carbon dioxide in closed or semi-closed anesthetic 
circuits, is directly influenced by the fresh gas flow 
rate. High-flow anesthesia results in higher soda 
lime consumption due to increased gas throughput, 
leading to more frequent replacements and higher 
operational costs [8].  

Low-flow anesthesia, by reducing the volume of 
fresh gas delivered, prolongs the life of soda lime 
canisters, offering economic and environmental 
benefits [9]. However, the efficiency of carbon 
dioxide absorption and the risk of rebreathing must 
be vigilantly monitored to prevent hypercapnia and 
associated complications.  

In light of these considerations, a comprehensive 
comparative evaluation of hemodynamic stability, 
recovery profile, and soda lime consumption 
between low-flow and high-flow anesthesia is 
imperative. Such studies contribute valuable 
insights into optimizing anesthetic techniques to 
enhance patient safety, improve recovery 
outcomes, and reduce resource utilization. This 
research aims to elucidate the differences between 
these two anesthesia modalities, thereby guiding 
clinicians in making informed decisions tailored to 
individual patient needs and surgical contexts [10]. 

Low-flow anesthesia (LFA) involves the delivery 
of anesthetic gases at reduced fresh gas flows (≤1 
L/min), minimizing anesthetic consumption and 

environmental pollution. High-flow anesthesia 
(HFA) typically uses 4–6 L/min of fresh gas, 
offering simplicity and rapid changes in anesthetic 
depth.  

Concerns regarding LFA include potential 
hemodynamic fluctuations, delayed recovery, and 
increased soda lime consumption due to enhanced 
CO₂ reabsorption. Evaluating these parameters is 
essential to determine the clinical feasibility of 
LFA. 

To evaluate and compare hemodynamic stability, 
recovery profile, and soda lime consumption 
between LFA and HFA in adult surgical patients. 

Materials and Methods 

Study Design: Prospective Randomized Control 
Study. 

Population: Adult ASA I–II patients undergoing 
surgery. 

Randomization: Patients were allocated to either 
LFA (≤1 L/min) or HFA (≥4–6 L/min). 

Anesthetic Protocol: All patients received the 
same volatile agent and standard monitoring. 

Data Collection 

• Hemodynamics: HR, MAP, SpO₂ recorded at 
baseline, induction, intubation, maintenance, 
and emergence. 

• Recovery Profile: Time from extubation to 
patient orientation. 

• Soda Lime Usage: Measured via canister 
weight difference pre- and post-procedure. 

Statistical Analysis: Continuous variables were 
analyzed using t-tests or Mann–Whitney U tests. 
Significance was set at p<0.05. 

Result

 
Table 1: Baseline Demographic Characteristics 

Parameter Low-Flow Anesthesia (LFA) High-Flow Anesthesia (HFA) p-value 
Number of Patients 40 40 — 
Age (years, mean ± SD) 35.6 ± 9.2 36.4 ± 8.7 0.65 
Weight (kg) 65.1 ± 10.5 66.8 ± 9.9 0.42 
ASA I/II (n) 22/18 24/16 0.62 
Gender (M/F) 21/19 20/20 0.82 
 

Table 2: Hemodynamic Stability – Mean Arterial Pressure (MAP) 
Time Point LFA (mmHg, Mean ± SD) HFA (mmHg, Mean ± SD) p-value 
Baseline 92.3 ± 6.1 91.8 ± 6.5 0.73 
Intra-op Peak 89.7 ± 7.2 90.4 ± 6.9 0.66 
Intra-op Lowest 85.2 ± 5.9 86.1 ± 6.0 0.58 
Post-op (PACU) 91.1 ± 6.3 90.9 ± 6.1 0.88 
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Table 3: Hemodynamic Stability – Heart Rate (HR) 
Time Point LFA (bpm, Mean ± SD) HFA (bpm, Mean ± SD) p-value 
Baseline 78.4 ± 7.6 77.9 ± 8.0 0.75 
Intra-op Peak 84.6 ± 8.3 83.2 ± 7.9 0.49 
Intra-op Lowest 72.1 ± 6.4 71.5 ± 6.8 0.68 
Post-op (PACU) 79.5 ± 7.1 78.7 ± 7.5 0.70 
 

Table 4: Recovery Profile 
Recovery Parameter LFA (Mean ± SD) HFA (Mean ± SD) p-value 
Time to Eye Opening (min) 10.5 ± 2.1 10.2 ± 2.3 0.62 
Time to Extubation (min) 12.1 ± 2.4 11.8 ± 2.6 0.59 
Time to Orientation (min) 13.2 ± 2.5 13.0 ± 2.7 0.75 
 

Table 5: Soda Lime Consumption 
Group Mean ± SD (kg) p-value 
Low-Flow Anesthesia 1.9 ± 0.3 <0.01 
High-Flow Anesthesia 1.3 ± 0.2 
 

Table 6: Intraoperative Events 
Event LFA (n, %) HFA (n, %) p-value 
Hypotension 2 (5%) 1 (2.5%) 0.55 
Bradycardia 1 (2.5%) 1 (2.5%) 1.00 
Desaturation 0 (0%) 0 (0%) — 
Need for Vasopressors 2 (5%) 1 (2.5%) 0.55 
 

Table 7: Patient Satisfaction (Optional – If Survey Conducted) 
Satisfaction Level LFA (n, %) HFA (n, %) p-value 
Very Satisfied 34 (85%) 35 (87.5%) 

0.75 Satisfied 6 (15%) 5 (12.5%) 
Dissatisfied 0 (0%) 0 (0%) 
 

Table 8: Hemodynamic Parameters 
Parameter LFA (Mean ± SD) HFA (Mean ± SD) p-value 
Heart Rate (bpm) 78.4 ± 7.6 77.9 ± 8.0 0.75 
Mean Arterial Pressure (mmHg) 92.3 ± 6.1 91.8 ± 6.5 0.73 
SpO₂ (%) 98.5 ± 0.8 98.7 ± 0.6 0.48 
 

Table 9: Recovery Profile 
Parameter LFA (Mean ± SD, min) HFA (Mean ± SD, min) p-value 
Time to Eye Opening 10.5 ± 2.1 10.2 ± 2.3 0.62 
Time to Extubation 12.1 ± 2.4 11.8 ± 2.6 0.59 
Time to Orientation 13.2 ± 2.5 13.0 ± 2.7 0.75 
 

Table 10: Soda Lime Consumption 
Group Mean ± SD (kg) p-value 
Low-Flow Anesthesia 1.9 ± 0.3 <0.01 
High-Flow Anesthesia 1.3 ± 0.2 
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Figure 1: Comparison of Recovery Times Between LFA and HFA Groups 

 

 
Figure 2: Comparison of Recovery Times Between LFA and HFA Groups 

 
A total of 80 patients were enrolled in the study, 
with 40 patients each in the low-flow anesthesia 
(LFA) and high-flow anesthesia (HFA) groups. The 
baseline demographic characteristics of both 
groups were comparable with respect to age, 
weight, gender distribution, and ASA physical 
status (Table 1), and no statistically significant 
differences were observed (p > 0.05). 
Hemodynamic parameters remained stable across 
both groups. The mean arterial pressure (MAP) at 
baseline, intraoperative peak, intraoperative lowest, 
and postoperative (PACU) values were comparable 
between LFA and HFA (p > 0.05) (Table 2). 
Similarly, heart rate trends at all recorded time 
points demonstrated no significant intergroup 
variation (Table 3), indicating that both techniques 
provided adequate hemodynamic stability. With 
respect to recovery profile, the mean times to eye 
opening, extubation, and orientation did not differ 
significantly between the two groups (p > 0.05), 
suggesting that the choice of flow rate had no 
clinically significant impact on early recovery 
(Table 4). In contrast, there was a statistically 

significant difference in soda lime consumption 
between the two groups (Table 5). The mean soda 
lime consumption in the LFA group was 1.9 ± 0.3 
kg compared to 1.3 ± 0.2 kg in the HFA group (p < 
0.01), highlighting an increased absorbent 
requirement in the low-flow setting.  

The incidence of intraoperative adverse events, 
including hypotension, bradycardia, desaturation, 
and the need for vasopressors, was low and 
comparable between the two groups (Table 6). No 
cases of intraoperative desaturation were observed 
in either group. Patient satisfaction scores, when 
assessed, showed that a majority of patients in both 
groups were either very satisfied or satisfied, with 
no reports of dissatisfaction. The distribution was 
statistically similar between the groups (Table 7). 

The hemodynamic parameters were comparable 
between the low-flow anesthesia (LFA) and high-
flow anesthesia (HFA) groups. As shown in Table 
8, the mean heart rate during the perioperative 
period was 78.4 ± 7.6 bpm in the LFA group and 
77.9 ± 8.0 bpm in the HFA group (p = 0.75). 
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Similarly, mean arterial pressure (MAP) was 92.3 ± 
6.1 mmHg in LFA versus 91.8 ± 6.5 mmHg in 
HFA (p = 0.73), and peripheral oxygen saturation 
(SpO₂) values were 98.5 ± 0.8% for LFA and 98.7 
± 0.6% for HFA (p = 0.48). These findings indicate 
that both low-flow and high-flow techniques 
maintained stable hemodynamics throughout the 
procedure, with no clinically or statistically 
significant differences (Table 8). 

Regarding recovery profile (Table 9), the mean 
time to eye opening was 10.5 ± 2.1 min in the LFA 
group compared to 10.2 ± 2.3 min in the HFA 
group (p = 0.62). The mean time to extubation was 
12.1 ± 2.4 min versus 11.8 ± 2.6 min (p = 0.59), 
and the mean time to orientation was 13.2 ± 2.5 
min in LFA versus 13.0 ± 2.7 min in HFA (p = 
0.75). These comparable recovery times suggest 
that the choice of anesthetic flow rate did not 
significantly affect early postoperative emergence 
or cognitive recovery (Table 9). 

A notable difference between the groups was 
observed in soda lime consumption (Table 10). The 
LFA group required significantly more soda lime, 
with a mean of 1.9 ± 0.3 kg per case, compared to 
1.3 ± 0.2 kg in the HFA group (p < 0.01). This 
reflects the increased CO₂ absorption requirements 
associated with lower fresh gas flow rates in low-
flow anesthesia (Table 10). 

Discussion 

The results of our study demonstrate that both low-
flow anesthesia (LFA) and high-flow anesthesia 
(HFA) techniques provide comparable 
intraoperative hemodynamic stability, recovery 
profiles, and patient satisfaction, aligning with 
findings from previous research. The observed 
similarities in mean heart rate, mean arterial 
pressure (MAP), and peripheral oxygen saturation 
(SpO₂) across both groups (p > 0.05) are consistent 
with studies such as those by Singh et al. [11] and 
Rahimzadeh et al. [12], who reported no significant 
hemodynamic differences between low-flow and 
high-flow techniques during general anesthesia. 
These results affirm that with proper monitoring 
and anesthetic depth control, LFA can safely 
maintain cardiovascular parameters equivalent to 
HFA. Our data also showed no significant 
difference in early recovery metrics such as time to 
eye opening, extubation, and orientation between 
the two groups (p > 0.05), suggesting that reduced 
fresh gas flow does not delay emergence from 
anesthesia. Similar conclusions were drawn by 
Gupta et al. [13] and Ozkose et al. [16], who 
observed equivalent recovery times and extubation 
profiles with both techniques, even with different 
volatile agents. This further supports the clinical 
feasibility of low-flow anesthesia without 
compromising recovery outcomes. Moreover, the 
comparable patient satisfaction scores between 

groups in our study echo findings by Kumar et al. 
[14], who noted that patients reported similar 
comfort and satisfaction regardless of flow rate, 
indicating that patient perception is not negatively 
influenced by the anesthesia delivery method. 

However, a key distinction in our study was the 
significantly higher soda lime consumption in the 
LFA group (1.9 ± 0.3 kg vs. 1.3 ± 0.2 kg; p < 0.01), 
attributed to increased CO₂ absorption demands due 
to reduced gas flows. This result mirrors the 
findings of Lee et al. [15], who also reported 
elevated absorbent use under low-flow conditions. 
Although low-flow techniques reduce volatile 
anesthetic consumption—leading to cost savings 
and environmental benefits—the increased use of 
soda lime may offset some of these advantages, 
particularly in high-volume centers.  

Importantly, the incidence of adverse intraoperative 
events such as hypotension, bradycardia, and 
desaturation was low and comparable between 
groups, supporting the findings of Zhang et al. [17] 
and Twardowski et al. [18], who emphasized the 
safety of LFA in various patient populations. 
Furthermore, none of the patients in our study 
experienced intraoperative desaturation, reinforcing 
the notion that modern monitoring and delivery 
systems can maintain adequate oxygenation even 
with reduced fresh gas flows. 

From an environmental and economic perspective, 
the use of low-flow techniques aligns with global 
efforts to reduce anesthetic gas emissions, as 
highlighted in the sustainability review by Sherman 
et al. [19]. Although increased soda lime 
consumption presents a trade-off, innovations in 
absorbent efficiency and gas scavenging systems 
may enhance the cost-effectiveness and ecological 
viability of LFA. 

As Campbell and Pierce [20] note, while LFA 
reduces the environmental footprint of inhalational 
agents, it may increase solid waste from absorbents 
unless recycling strategies are implemented. 

Conclusion 

We conclude that both low-flow anesthesia (LFA) 
and high-flow anesthesia (HFA) techniques offer 
comparable safety and efficacy in terms of 
intraoperative hemodynamic stability, early 
recovery parameters, and patient satisfaction. No 
significant differences were observed in heart rate, 
mean arterial pressure, peripheral oxygen 
saturation, or recovery times between the two 
groups, indicating that the choice of fresh gas flow 
rate does not adversely impact clinical outcomes. 
However, a significantly higher soda lime 
consumption was noted in the LFA group, 
reflecting increased CO₂ absorbent requirements 
inherent to low-flow techniques. While LFA 
provides the potential benefits of reduced 
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anesthetic gas usage and environmental advantages, 
the increased absorbent utilization may have 
implications for cost and resource management. 
Overall, LFA appears to be a safe and effective 
alternative to HFA, with equivalent patient 
outcomes, and should be considered in clinical 
practice where appropriate infrastructure and 
monitoring are available. 
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