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Abstract:

Background: Volatile anesthetic agents play a crucial role in modern anesthesia, with desflurane and isoflurane
being commonly used due to their favorable pharmacokinetic properties. Low-flow anesthesia, which utilizes
reduced fresh gas flow rates while maintaining an adequate anesthetic depth, has been widely adopted for its
advantages, including reduced anesthetic gas consumption, better humidity preservation, and minimized
environmental pollution. However, different inhalational agents exhibit varying equilibration times and recovery
profiles under low-flow conditions. Desflurane, with its lower blood-gas solubility, is expected to achieve faster
equilibration and emergence compared to isoflurane. This study aims to compare the characteristics of desflurane
and isoflurane under low-flow anesthesia using equilibration time as a primary parameter.

Objectives: This study aims to compare the equilibration time of desflurane and isoflurane under low-flow
anesthesia, analyze their hemodynamic effects, and evaluate their efficiency in achieving and maintaining
adequate anesthetic depth.

Methods: A prospective, randomized study was conducted at the Department of Anaesthesiology, IMS BHU,
Varanasi, Uttar Pradesh, India, over a period of twelve months. A total of 120 adult patients undergoing elective
surgeries under general anesthesia were randomly allocated into two groups: Group D (Desflurane, n=60) and
Group I (Isoflurane, n=60). Low-flow anesthesia was administered with an oxygen flow rate of 0.5—1.0 L/min,
maintaining an end-tidal anesthetic concentration of 1.0 MAC for each agent. The equilibration time was defined
as the time taken to achieve a steady-state end-tidal concentration following the initiation of inhalation.
Hemodynamic parameters, emergence time, and adverse events such as airway irritation and postoperative nausea
and vomiting were recorded and analyzed. Statistical comparisons were made using the independent t-test and
chi-square test, with a p-value of <0.05 considered statistically significant.

Results: Desflurane demonstrated a significantly shorter equilibration time (4.5 £ 1.2 minutes) compared to
isoflurane (7.8 + 1.5 minutes, p < 0.001). The hemodynamic stability was comparable between the two groups;
however, desflurane was associated with a transient increase in heart rate in 22% of cases. Recovery characteristics
were significantly faster with desflurane, as indicated by a shorter time to extubation (6.2 + 2.1 minutes vs. 9.5 +
2.7 minutes, p < 0.01) and earlier return to baseline cognitive function. The incidence of airway irritation was
higher with desflurane, observed in 18% of cases compared to 8% in the isoflurane group. No significant
differences were noted in intraoperative blood pressure fluctuations or postoperative nausea and vomiting.
Conclusion: Desflurane exhibited a significantly shorter equilibration time and faster recovery profile compared
to isoflurane under low-flow anesthesia, making it a more suitable choice for cases requiring rapid anesthetic
emergence. However, the transient tachycardia and airway irritation associated with desflurane should be
considered when selecting an anesthetic agent for individual patients. The findings emphasize the importance of
agent-specific considerations in optimizing low-flow anesthesia techniques for improved patient safety and
efficiency.
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Introduction

Volatile anesthetic agents are widely used in general smooth recovery. Among these, desflurane and
anesthesia to provide hemodynamic stability, isoflurane are commonly utilized due to their
facilitate controlled anesthesia depth, and ensure distinct pharmacokinetic properties. The choice of
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anesthetic agent significantly influences
equilibration time, hemodynamic response, and
emergence characteristics, particularly in low-flow
anesthesia, where the fresh gas flow is minimized to
reduce  anesthetic  gas  consumption and
environmental impact [1].

Low-flow anesthesia has gained prominence due to
its ability to maintain optimal anesthesia depth while
minimizing the loss of heat and moisture from the
respiratory tract. This technique not only improves
cost-effectiveness but also enhances patient comfort
by reducing airway dryness. However, the
effectiveness of low-flow anesthesia depends on the
agent’s equilibration time, which is defined as the
time taken to achieve a steady-state end-tidal
concentration. The faster an agent equilibrates, the
more predictable its effect on anesthetic depth,
allowing for better control during surgery and
smoother emergence postoperatively [2].

Desflurane and isoflurane differ significantly in their
physicochemical properties, which impact their
behavior under low-flow conditions. Desflurane has
a significantly lower blood-gas partition coefficient
compared to isoflurane, leading to faster alveolar
equilibration and a more rapid increase in end-tidal
concentration [3]. This property makes desflurane
advantageous in cases requiring rapid anesthetic
induction and emergence. Isoflurane, on the other
hand, has a higher solubility in blood, resulting in
slower equilibration but providing stable
hemodynamics with minimal fluctuations in heart
rate and blood pressure. These differences raise
important clinical questions regarding the efficiency
of each agent in maintaining anesthesia and ensuring
smooth recovery when administered under low-flow
conditions [4].

Hemodynamic stability is a key concern in the
selection of an inhalational anesthetic. Both
desflurane and isoflurane provide cardiovascular
stability, but desflurane is known to cause transient
sympathetic stimulation, which may lead to an
increase in heart rate and blood pressure, particularly
during rapid concentration changes. Isoflurane, with
its more gradual uptake and lower sympathetic
activation, tends to maintain hemodynamic stability
more effectively. Evaluating these hemodynamic
responses under low-flow conditions is essential to
determine the ideal anesthetic choice for
maintaining patient safety and optimizing
intraoperative conditions [5].

Recovery characteristics are another crucial
determinant in the selection of an anesthetic agent.
Desflurane, due to its low blood-gas solubility,
facilitates a faster emergence from anesthesia,
making it particularly beneficial in outpatient and
short-duration procedures where rapid recovery is
desirable. Isoflurane, while providing a more
gradual recovery, is associated with a lower

Kumar et al.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

incidence of airway irritation and a smoother
transition to consciousness. The differences in
emergence time, cognitive recovery, and
postoperative complications between these agents
under low-flow anesthesia warrant systematic
evaluation to guide optimal anesthetic selection [6].

Despite the advantages of low-flow anesthesia, its
adoption has been limited by concerns regarding
equilibration delays and the potential accumulation
of anesthetic metabolites. Understanding how
different inhalational agents behave under these
conditions is critical for optimizing their use while
ensuring patient safety. The efficiency of desflurane
and isoflurane in achieving and maintaining stable
anesthesia under low-flow conditions has not been
extensively compared, particularly with respect to
equilibration time and recovery characteristics [7].

This study, conducted at the Department of
Anaesthesiology, IMS BHU, Varanasi, Uttar
Pradesh, India, aims to compare the equilibration
times, hemodynamic effects, and recovery
characteristics of desflurane and isoflurane under
low-flow anesthesia. By analyzing the time required
for equilibration, intraoperative stability, and
postoperative emergence profiles, this study seeks to
provide valuable insights into the optimal selection
of inhalational anesthetics for low-flow anesthesia
techniques. The findings may help refine anesthetic
protocols, enhance intraoperative control, and
improve patient outcomes in clinical practice.

Methodology

This prospective, randomized study was conducted
at the Department of Anaesthesiology, IMS BHU,
Varanasi, Uttar Pradesh, India, over a period of
twelve months. The study aimed to compare the
equilibration times, hemodynamic effects, and
recovery characteristics of desflurane and isoflurane
under low-flow anesthesia. A total of one hundred
and twenty adult patients undergoing elective
surgeries under general anesthesia were enrolled.
Patients were randomly allocated into two groups
using a computer-generated sequence: Group D
(Desflurane, n=60) and Group I (Isoflurane, n=60).

Eligible participants were between eighteen and
sixty-five years of age, classified as ASA I or II, and
scheduled for elective procedures lasting sixty to
one hundred and twenty minutes. Patients with a
history of respiratory diseases, hypersensitivity to
volatile anesthetics, severe cardiovascular disease,
anticipated difficult airway, pregnancy, or lactation
were excluded. All patients underwent standard
preoperative evaluation, including a detailed
medical history, physical examination, and routine
laboratory investigations. Upon arrival in the
operating room, standard monitoring was applied,
including non-invasive blood pressure,
electrocardiography, pulse oximetry, capnography,
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and end-tidal anesthetic concentration monitoring.
Anesthesia was induced with intravenous propofol
at two milligrams per kilogram, fentanyl at two
micrograms per kilogram, and vecuronium at 0.1
milligrams per kilogram for neuromuscular
relaxation. After endotracheal intubation,
mechanical ventilation was initiated with a tidal
volume of six to eight milliliters per kilogram and a
respiratory rate adjusted to maintain an end-tidal
carbon dioxide level of thirty-five to forty
millimeters of mercury.

Low-flow anesthesia was maintained using an
oxygen flow rate of 0.5 to 1.0 liters per minute, with
the inhalational agent titrated to maintain an end-
tidal concentration of 1.0 MAC. Equilibration time
was defined as the duration from the initiation of
inhalation to achieving a stable end-tidal
concentration at 1.0 MAC for three consecutive
minutes. Hemodynamic parameters, including heart
rate, systolic and diastolic blood pressure, and mean
arterial pressure, were recorded at predefined time
points: baseline, post-induction, equilibration, every
five minutes intraoperatively, and at emergence.
Emergence was assessed based on time to
spontaneous eye opening, time to extubation, and
the time taken to achieve a Modified Aldrete Score
of nine or greater. Adverse events, including airway
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irritation, coughing, laryngospasm, intraoperative
hemodynamic fluctuations, and postoperative
nausea and vomiting, were recorded. Statistical
analysis was performed using SPSS version 25.0.
Continuous variables were presented as mean +
standard deviation and analyzed using the
independent t-test, while categorical variables were
analyzed using the chi-square test. A p-value of less
than 0.05 was considered statistically significant.

Results

This study analyzed a total of one hundred and
twenty adult patients undergoing elective surgeries
under general anesthesia at the Department of
Anaesthesiology, IMS BHU, Varanasi, Uttar
Pradesh, India. The findings provide insights into
the equilibration times, hemodynamic -effects,
recovery characteristics, and adverse events
associated with desflurane and isoflurane under low-
flow anesthesia.

Table 1 presents the baseline demographic and
clinical characteristics of the study population. The
mean age of patients was comparable between the
two groups, with no significant differences in gender
distribution, body mass index, or ASA
classification.

Table 1: Demographic and Clinical Characteristics of Study Participants

Characteristics Desflurane (n=60) Isoflurane (n=60) p-value
Mean Age (years) 42.5+10.8 432+11.1 0.68
Gender (M/F) 38/22 35/25 0.55
BMI (kg/m?) 24.6+2.8 249+3.1 0.71
ASA T/ (%) 65/35 62/38 0.67
Table 2: Equilibration Time Under Low-Flow Anesthesia
Variable Desflurane (n=60) Isoflurane (n=60) p-value
Equilibration Time (minutes) 45+1.2 7.8+1.5 <0.001
Table 3: Intraoperative Hemodynamic Changes
Time Point Heart Rate | Systolic Diastolic BP | MAP p-
(bpm) (mmHg) (mmHg) (mmHg) value
Baseline 782 +6.5 126.5+94 78.8+6.1 94.7+5.8 0.72
After Induction 82.1+5.8 118.3+89 74.1+£54 88.9+4.5 0.68
At Equilibration 92.4+73 115.6+7.5 72.6+5.2 86.3+4.2 0.03
Maintenance 88.5+6.8 119.2+6.8 754+£5.1 89.2+£3.8 0.52
Table 4: Recovery Profile and Emergence Time
Recovery Parameter Desflurane (n=60) Isoflurane (n=60) p-value
Time to Eye Opening (minutes) 5.8+2.1 92+3.1 <0.01
Time to Extubation (minutes) 6.2+2.1 9.5+2.7 <0.01
Time to Aldrete Score >9 (minutes) 85+3.0 12.7+4.2 <0.01
Table 5: Adverse Events and Complications
Adverse Event Desflurane (n=60) Isoflurane (n=60) p-value
Airway Irritation 11 (18%) 5 (8%) 0.04
Postoperative Nausea/Vomiting 9 (15%) 7 (12%) 0.55
Laryngospasm 3 (5%) 2 (3%) 0.62
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Table 6: Anesthetic Gas Consumption

Parameter Desflurane (n=60) Isoflurane (n=60) p-value
Mean Gas Consumption (mL/min) 180 £22 225+30 <0.001
Table 7: Oxygenation and Respiratory Parameters
Variable Desflurane (n=60) Isoflurane (n=60) p-value
SpO2 (%) 98.4+0.6 98.2+0.7 0.48
EtCO2 (mmHg) 372+2.1 37.8+2.0 0.62
Table 8: Body Temperature During Anesthesia
Time Point Desflurane (°C) Isoflurane (°C) p-value
Baseline 36.6+04 36.7+£0.5 0.68
At Equilibration 36.2+0.5 364+£0.5 0.52
End of Surgery 35.9+0.6 36.1£0.5 0.61
Table 9: Additional Opioid Use Intraoperatively
Opioid Requirement Desflurane (n=60) Isoflurane (n=60) p-value
Fentanyl (ng/kg) 1.8+0.6 2.1+0.7 0.04
Table 10: Postoperative Hospital Stay
Hospital Stay (Days) Desflurane (n=60) Isoflurane (n=60) p-value
Mean Stay (days) 1.6+0.4 1.8+0.5 0.08

The results of this study highlight that desflurane
achieves significantly faster equilibration and
emergence under low-flow anesthesia compared to
isoflurane. However, transient tachycardia and
airway irritation were observed more frequently
with desflurane. Isoflurane provided more stable
hemodynamics and a lower incidence of airway-
related complications. These findings emphasize the
need for individualized anesthetic selection based on
patient characteristics and surgical requirements.

Discussion

The findings of this study provide a comprehensive
comparison of the characteristics of desflurane and
isoflurane under low-flow anesthesia, focusing on
equilibration time, hemodynamic effects, recovery
profile, and adverse events. Conducted at the
Department of Anaesthesiology, IMS BHU,
Varanasi, Uttar Pradesh, India, this study highlights
the advantages and limitations of each anesthetic
agent in clinical practice [8]. The results suggest that
desflurane has a significantly faster equilibration
time and emergence profile compared to isoflurane,
making it a suitable choice for surgeries requiring
rapid recovery. However, desflurane was also
associated with transient tachycardia and a higher
incidence of airway irritation, which must be
considered in patient selection [9].

The equilibration time, defined as the duration
required for the end-tidal anesthetic concentration to
reach 1.0 MAC, was significantly shorter with
desflurane than isoflurane. This finding aligns with
existing literature attributing desflurane’s rapid
equilibration to its low blood-gas partition
coefficient. The lower solubility of desflurane in
blood allows for a more rapid increase in alveolar
concentration, enabling quicker onset of anesthesia.

Kumar et al.

In contrast, isoflurane, with its higher blood
solubility, equilibrates more gradually, leading to a
slower increase in alveolar anesthetic concentration.
This difference is particularly relevant in low-flow
anesthesia, where reduced fresh gas flow may delay
the equilibration process for highly soluble agents
[10].

Hemodynamic stability is a critical factor in the
selection of inhalational anesthetic agents. While
both desflurane and isoflurane provided comparable
intraoperative hemodynamic stability, desflurane
was associated with a transient increase in heart rate,
particularly during induction and equilibration
phases [11]. This transient tachycardia is attributed
to the sympathomimetic effects of desflurane, which
activate catecholamine release and increase
myocardial contractility. Although these effects
were short-lived, they may be clinically significant
in patients with pre-existing cardiovascular
conditions. Isoflurane, with its more gradual uptake
and lower sympathetic activation, exhibited better
hemodynamic stability with fewer fluctuations in
blood pressure and heart rate. This makes isoflurane
a preferred choice in patients with coronary artery
disease or those at risk of perioperative
cardiovascular instability [12].

The recovery profile of desflurane was significantly
superior to that of isoflurane, as indicated by faster
time to eye opening, earlier extubation, and quicker
achievement of Modified Aldrete Score >9. These
findings reinforce the role of desflurane in cases
requiring rapid turnover and shorter post-anesthesia
care unit stay. The faster recovery with desflurane is
directly related to its lower solubility, allowing for
rapid elimination from the body once anesthesia is
discontinued. In contrast, isoflurane, with its higher
blood and tissue solubility, exhibits a more
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prolonged washout phase, leading to a slower return
of consciousness. These differences are particularly
relevant in outpatient surgeries and ambulatory
settings, where early recovery and discharge are
prioritized [13].

One of the notable findings of this study was the
higher incidence of airway irritation with desflurane,
which was reported in 18% of cases compared to 8%
with isoflurane. This increased incidence of
coughing, breath-holding, and laryngospasm can be
attributed to desflurane’s pungent nature, which
stimulates airway reflexes upon inhalation. The
irritant effects of desflurane are well-documented,
making it less suitable for patients with reactive
airway diseases such as asthma or chronic
obstructive pulmonary disease. Isoflurane, being
less pungent, exhibited a lower incidence of airway-
related complications, supporting its use in patients
with pre-existing respiratory conditions [14].

The comparison of anesthetic gas consumption
under low-flow conditions revealed that desflurane
required significantly lower volumes than isoflurane
to maintain an adequate anesthetic depth. This
finding is in agreement with studies demonstrating
that desflurane, due to its lower solubility, achieves
a stable anesthetic state with less agent uptake. In
contrast, isoflurane, with its higher solubility,
necessitates a greater volume to achieve and
maintain the desired depth of anesthesia. This
difference has important implications for cost-
effectiveness and environmental considerations, as
the reduced consumption of anesthetic gases
contributes to lower healthcare costs and decreased
atmospheric pollution [14].

Oxygenation and respiratory parameters were
comparable between the two groups, with no
significant differences in arterial oxygen saturation
or end-tidal carbon dioxide levels. This suggests that
both agents provided adequate ventilation and
oxygenation  under low-flow conditions.
Additionally, the intraoperative temperature
regulation was similar between the two groups,
indicating that neither agent had a significant impact
on thermoregulation [15].

The  requirement for  additional  opioid
supplementation was slightly lower in the desflurane
group compared to isoflurane, suggesting that
desflurane may provide better intraoperative
analgesia. However, this difference was not
clinically significant, as opioid requirements were
minimal in both groups due to the use of multimodal
analgesia strategies [16].

Postoperative nausea and vomiting were comparable
between the two groups, indicating that neither
desflurane nor isoflurane had a superior antiemetic
profile. This is consistent with previous studies
showing that volatile anesthetics contribute to
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postoperative nausea and vomiting, necessitating the
use of prophylactic antiemetics in high-risk patients
[17].

The length of hospital stay was slightly shorter in the
desflurane group, although the difference was not
statistically significant. This finding suggests that
while desflurane facilitates faster recovery in the
immediate postoperative period, it does not
necessarily translate into a reduced length of
hospitalization. The duration of hospital stay is
influenced by multiple factors beyond anesthetic
selection,  including  surgical  complexity,
postoperative complications, and institutional
discharge policies.

This study provides valuable insights into the
comparative effects of desflurane and isoflurane
under low-flow anesthesia. The findings suggest that
desflurane is preferable in cases requiring rapid
equilibration and emergence, particularly in
ambulatory and  short-duration  procedures.
However, the transient tachycardia and higher
incidence of airway irritation must be considered
when selecting desflurane for patients with
cardiovascular or respiratory comorbidities.
Isoflurane, with its superior hemodynamic stability
and lower airway irritability, remains a viable
alternative ~ for  patients with  underlying
cardiovascular conditions or those requiring
prolonged anesthesia.

While this study provides robust comparative data,
certain limitations must be acknowledged. The study
was conducted in a single center, which may limit
the generalizability of findings to other populations.
Additionally, the study did not evaluate long-term
neurocognitive outcomes, which may be relevant in
elderly patients undergoing prolonged exposure to
volatile anesthetics. Future research should explore
the impact of these agents on long-term cognitive
function and assess their applicability in specific
patient subgroups, such as those with obesity or
neurological disorders.

Conclusion

This study demonstrates that desflurane achieves
significantly faster equilibration and emergence
compared to isoflurane under low-flow anesthesia,
making it a preferred choice for surgeries requiring
rapid recovery. However, desflurane is associated
with transient tachycardia and a higher incidence of
airway irritation, which should be considered when
selecting an anesthetic agent. Isoflurane, with its
stable hemodynamic profile and lower airway
irritability, remains a suitable alternative for patients
with cardiovascular or respiratory comorbidities.
The findings highlight the importance of
individualized anesthetic selection to optimize
intraoperative conditions, enhance patient safety,
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and improve overall anesthetic efficiency in clinical
practice.

Future studies should focus on long-term outcomes,
cost-effectiveness, and the impact of volatile

anesthetic

agents on postoperative cognitive

function. Additionally, further research on strategies
to minimize the adverse effects of desflurane, such

as

gradual dose escalation or adjunctive

medications, may help enhance its safety profile in
clinical settings.
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