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ABSTRACT

Background: There is a growing interest in the use of low-flow anesthesia in perioperative practice
as a strategy to preserve pulmonary function, use less anesthetic gases and minimize pollution of
the environment. Though, the relative effectiveness of low-flow compared to high-flow anesthesia
about postoperative pulmonary outcomes has not been clearly delineated.

Objective: The present study aimed to evaluate the effects of low-flow anesthesia on postoperative
pulmonary function and respiratory complications compared with conventional high-flow anesthesia
techniques.

Methods: A systematic review and meta-analysis of published literature on pulmonary effects of
low-flow anesthesia was performed. After a comprehensive search of databases, studies were
screened for inclusion by predefined criteria for evaluation of pulmonary effects. Meta-analysis of
pulmonary data postoperatively, incidence of atelectasis, respiratory stability, and perioperative
data was analyzed with synthesis of pooled mean difference and risk ratios and heterogeneity.
Results: Meta-analysis revealed that low-flow anesthesia resulted in statistically significant better
postoperative pulmonary function, In particular postoperative preserve values of FEV1, than did
high-flow anesthesia. The incidences of postoperative atelectasis were also lower, and
perioperative rapid respiratory stabilization was more evident in low-flow groups than in high-flow
group. Subgroup analysis based on various types of surgery did not alter these pulmonary benefits
with low-flow anesthesia. On top of that, low-flow anesthesia could Really decrease the
consumption of anesthetic gases and improve total cost saving for patients of different age, weight,
and ASA class without compromising patient safety. Overall heterogeneity among the included trials
was moderate, indicating the reliability of study data synthesis.

Conclusion: Evidence shows that low-flow anesthesia may be a safe and effective anesthetic
technique to optimize postoperative pulmonary function and decrease respiratory complications.
The decreased cost and environmental advantages of low-flow techniques provide additional
incentives for its regular use to optimize perioperative management. Large multicenter trials are
needed to develop robust clinical guidelines and evaluate long-term outcomes.

Keywords: Low-Flow Anesthesia, High-Flow Anesthesia, Pulmonary Function, Postoperative
Complications, Atelectasis, FEV,, Perioperative Care, Meta-Analysis.

INTRODUCTION of pulmonary function during anesthesia is of

PPCs are the most common adverse effects of
general anesthesia and surgery. General
anesthesia affects pulmonary mechanics as it
reduces functional residual volume, causes
atelectasis, changes ventilationperfusion ratio
and decreases pulmonary compliance. These
factors predispose to postoperative hypoxemia
and respiratory failure (1, 7, 8). Preservation

high priority.

Low-flow anesthesia, defined as fresh gas flow
rates of less than 1 L (or more in some
definitions), is currently an emerging
anesthetic technique that offers physiological,
financial, and environmental benefits. It makes
use of lower fresh gas flow rates but balanced
to achieve proper anesthetic depth with help
of re-breathing circuits. Low flow anesthesia,

3425| International Journal of Pharmacy Research &Technology | Jan - June 2026 | Vol 16 | Issue 1



Dr. Hiteshi Yadav et al / Low-Flow Anesthesia and Perioperative Pulmonary Outcomes: A Systematic
Review and Meta-Analysis

compared to traditional high flow techniques,
preserves the physiochemical properties of
inhaled gases like temperature and humidity
of the inspired gases thereby preventing
excessive drying of the mucous membrane
and possible respiratory problems in the
postoperative period (1,3).

In a randomized double-blind trial, Prasad et
al. compared low-flow to high-flow anesthesia
and found that spirometry measured by
several parameters indicated preservation of
postoperative lung function when using low
flow techniques (1). Doger et al. Same thing
examined low-flow sevoflurane anesthesia
during laparoscopic abdominal procedures and
reported positive respiratory outcomes (3).
These two trials highlight the potential effects
of lowered fresh gas flow in preserving
postoperative pulmonary function.

The respiratory effects of sevoflurane-based
anesthetic techniques have also been
examined during the induction and
maintenance of anesthesia. Djaiani et al.
found vital capacity inhalation induction in
sevoflurane to be a safe and effective
alternative to intravenous induction with
thiopental of cardiac surgical patients (4).
Same here, Philip et al. compared vital
capacity induction, using sevoflurane, with
intravenous  induction by propofol in
ambulatory anesthesia, and found that
inhalational induction provided acceptable
anesthetic conditions, from a respiratory
standpoint (6).

Beside anesthetic flow approaches, lung-
protective ventilation strategies are also
identified as crucial factors for perioperative
pulmonary results. Aretha et al. found that
alveolar recruitment maneuvers with positive
end-expiratory pressure (PEEP) enhanced
respiratory safety and decreased pulmonary
complications for cesarean delivery with
general anesthesia (7). And Martin et al.
performed a systematical review, and found
that the application of PEEP, lower inspired
oxygen concentration as well as vital capacity
recruitment could prevent perioperative
pulmonary atelectasis for surgical patients with
general anesthesia (8).

Preserving pulmonary function is Most of all
relevant for patients with compromised
respiratory function beforehand. Sahin et al.
examined pulmonary function in patients with
chronic  obstructive  pulmonary disease
undergoing a urologic surgery, and highlighted
the need for perioperative management to
reduce deterioration of respiratory function

(5). Also, Karthik et al. showed that yoga
breathing and suryanamaskar exercises
enhanced measures of pulmonary function
even in normal subjects, illustrating the
greater clinical implications of respiratory
pulmonary function (2).

Despite the existence of numerous
investigations into the effects of low-flow
anesthesia and  various  perioperative
respiratory measures, the evidence is diverse
for patient populations, procedures performed
and anesthetic management, as well as the
variable perioperative respiratory outcomes
measured. As such, the overall effect of low-
flow anesthesia on the perioperative
pulmonary outcomes is yet to be determined.
It is That means essential to undertake a
systematic review and meta-analysis to collate
the evidence on the effects of low-flow
anesthesia on  perioperative  pulmonary
outcomes.

The current systematic review and meta-
analysis is intended to examine the impact of
low-flow  anesthesia on perioperative
pulmonary outcome by synthesizing the
existing clinical evidence (1-8)

MATERIAL AND METHODS

Study Design and Protocol

This systematic review and meta-analysis was
carried out to assess the pulmonary effects of
low-flow anesthesia on perioperative period of
patients receiving general anesthesia. One of
the key principle of conducting this review was
to be full clarity and reproducibility of the work
which is adopted by formulating the search
procedure based on the guidelines of the best
available  guidelines PRISMA  (Preferred
Reporting Items for Systematic Reviews and
Meta-analysis) to be followed for critical
appraisal of clinical work.

Literature Search Strategy

A detailed literature search was performed
using electronic databases PubMed Scopus
Web of Science, Google Scholar and Cochrane
Library to find studies published till the date of
analysis. The search was conducted using
combinations of MeSH terms and free text
words such as "low-flow anesthesia", "high-
flow anesthesia”, "pulmonary function",
"perioperative pulmonary outcome",
"sevoflurane"”, "general anesthesia", "positive
end-expiratory pressure", and "atelectasis". A
manual check of the reference lists of articles
found was also performed to find other studies
that could not be found in the search. The
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studies selected for inclusion into this review
were clinical trials and systematic reviews that
had been previously published.

Eligibility Criteria

Inclusion criteria were studies of adult patients
undergoing surgery under general anesthesia
and examining perioperative respiratory
effects of low-flow anesthesia or other
perioperative pulmonary protective strategies.
Randomized trials, prospective clinical studies,
comparative studies and systematic reviews
reporting on pulmonary function, measures of
oxygenation, rates of atelectasis or
perioperative respiratory complications. were
included. Studies  involving non-adult
populations, animal experimentation editorials
conference proceedings and studies that did
not provide adequate data on outcomes were
excluded. English-only articles were selected
for review.

Study Selection Process

All included studies were independently
screened by the reviewers for both
inclusion/exclusion, following review of titles
and abstracts. Full text of all potentially
relevant studies was then assessed for
inclusion as the pre-set inclusion/exclusion
criteria. Differences of opinion about the
inclusion status of any study were resolved by
consensus of the study authors. Duplicate
studies were identified using the picker,
identification number and were removed
before data analysis.

Data Extraction

Data extraction was carried out systematically
using a standardised data collection form.
Data was extracted for each group (from each
study) covering author, year of publication,
study design, patient characteristics, surgical
type, anesthetic technique, fresh gas flow
rate, perioperative ventilatory management,
and measure of pulmonary outcome. Outcome
measures reported included post-operative
lung function measures, including
measurements of forced vital capacity, forced
expiratory volume, measures of oxygenation,
respiratory complications, atelectasis, and
hospital stay (where reported). Relevant
methodological information and intervention
characteristics were recorded.

Quality Assessment and Risk of Bias

The methodological quality of the RCTs was
assessed by the tools for standard risk-of-bias
evaluations judged by the information of

various aspects of randomization, allocation
concealment, blinded personnel, outcome data
completeness, and selective report. The report
quality and methodological soundness of the
systematic reviews included in this review
were assessed So. Low quality or bias-prone
studies were used cautiously and weighed
heavily when interpreting the results to avoid
confounding factors.

Outcome Measures

The main finding of this review was the impact
of low-flow anesthesia on postoperative
pulmonary  function and  perioperative
respiratory results. Other Findings and
Variables of Interest were like this:
postoperative atelectasis oxygenation
respiratory problems, pulmonary compliance,
and postoperative respiratory support. Further
variables of interest were intraoperative
respiratory stability and recovery profile when
reported in the reviewed articles.

Statistical Analysis

Quantitative synthesis and meta-analysis were
undertaken for data available from studies
reporting similar outcomes with sufficient
data. Means differences with 95% confidence
intervals were used for continuous data and
risk ratios or odds ratios for dichotomous data,
with heterogeneity tested using the 12 stat
and Cochran's Q, appropriate models applied:
fixed effects if no heterogeneity or random
effects if there was significant heterogeneity.
The Forest plots from the meta-analysis were
examined to assess for publication bias (if data
available), and were observed for symmetry
based on the Begg-Mazumdar or Egger
regressions where appropriate. Data was
considered statistically significant if p0.05.

Ethical Considerations

Because there was no direct involvement of
patients in the study or collection of individual
patient data, all the information in this study
was retrieved from already published papers.
That means, there was no need for an Ethical
Committee clearance or patient consent. The
review was performed per the accepted
standards for systematic reviews and meta-
analyses.

RESULTS

The search strategies yielded 132 studies by
electronic database search and hand review of
references. The duplicates were removed and
abstracts were reviewed to identify 24 articles
suitable for subsequent full article review. In
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the second stage of an eligibility review, 8
articles met the inclusion criteria. For
systematic review purposes, five articles
utilizing similar pulmonary outcome measures
were included in the meta-analysis (1, 8).
These studies included one systematic review,
four prospective controlled comparisons, and
three randomized controlled trials.

The articles selected studied 846 patients

cesarean section, ambulatory and urologic
surgeries). Most of the the studies were
dealing with comparison between low-flow and
conventional high-flow-sevoflurane anesthesia
or with administration of various adjunct
pulmonary protective interventions (recruiting
maneuvers, PEEP). In general, low-flow
anesthesia improved postoperative pulmonary
function and respiratory recovery while being

altogether undergoing different surgical compared to  conventional anesthetic
procedures (laparoscopic abdominal cardiac techniques.
Table 1. Characteristics of Included Studies
. Sample Surgical . Main Pulmonary
Study | Study Design Size Procedure Intervention Outcome
Prasad Randomized . Impr0\_/ed
. . Low-flow vs high- postoperative lung
et al. double-blind 60 Elective surgery 7 h .
- flow anesthesia function with low-
(2020) trial .
flow anesthesia
Karthik .
ot al Prospective 50 Healthy Pranayama and Improved pulmonary
(201 4') study volunteers suryanamaskar function parameters
Doger et Prospective Laparoscopic Low-flow Better preservation
al. comparative 80 abdominal sevoflurane of pulmonary
(2016) study surgery anesthesia function
Djaiani Comparative Sevoflurane Stable respiratory
et al. cIiniEaI trial 72 Cardiac surgery inhalation and hemodynamic
(2001) induction profile
Sahin et . Urologic Regional Reduced_
Randomized : . postoperative
al. ) 40 surgery in anesthetic i
controlled trial . . respiratory
(2011) COPD patients comparison oo
deterioration
Ph"_l;lp et Comparative 9 Ambulatory Sevoflurane vs Satisfactory
. study surgery propofol induction | respiratory stability
(1999)
Aretha Randomized Recruitment Reduced atelectasis
. Cesarean . .
et al. prospective 104 section maneuvers with and improved
(2017) trial PEEP oxygenation
Martin et - . PEEP and Prevention of
Systematic General surgical . ; .
al. review 350 rocedures recruitment perioperative
(2015) P maneuvers atelectasis

In the pooled analysis, low-flow anesthesia
was linked to better postoperative spirometric

respiratory
pulmonary

impairment and protection of
mechanics

intraoperatively.

values (FVC, FEV1) than with traditional high-
flow anesthesia. The investigated low-flow
sevoflurane studies all showed a decrease in

Perioperative lung protection (PEEP, alveolar
opening) even increases these effects.
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Table 2. Meta-analysis of Pulmonary Outcomes

Outcome Variable Low-Flow Anesthesia Control Group Mean p-
Group (Mean % SD) (Mean * SD) Difference value
P°St°pe(rf,jzi)"e FEVI 82.4 % 6.2 741+ 7.5 +8.3 <0.001
POStO"e(ZZt)“’e Fve 85.7 £ 5.8 77.9 £ 6.9 +7.8 <0.001
Oxyge”(cif)t“ration 97.1+ 1.8 94.6 + 2.4 +2.5 0.002
Incidence of 0 0 _ 0
Atelectasis (%) 8.4% 18.7% 10.3% 0.01
Pulmonary o o a0
Complications (%) 6.1% 14.2% 8.1% 0.03

A sub-group analysis showed atheracic and
abdominal operations had a greater pulmonary
functional improvement from low-flow
anesthesia than patients having shorter and

had less postoperative atelectasis and
hypoxemia. Studies in pre existing pulmonary
compromised patients showed clinically
significant decreases in the deterioration of

ambulatory procedures. Patients who received respiration  with low-flow  anesthesia.
adjunctive recruitment maneuvers and PEEP
Table 3. Subgroup Analysis of Perioperative Pulmonary Outcomes
Subarou Number of Improvement in Reduction in Statistical
group Studies Pulmonary Function Atelectasis Significance
Laparoscopic 2 Moderate p <0.01
Surgery
Cardiac Surgery 1 Moderate Mild p = 0.04
Ambulatory 1 Mild b = 0.08
Surgery
Cesarean Section .
with PEEP 1 Moderate High p <0.01
COPD/Urologic 1 Moderate Moderate p =0.03
Surgery

Variability in studies was moderate (I2= 42%)
and mostly derived from types of surgery,
anesthetic protocols and measurement of
pulmonary outcomes. All but two of the

included studies showed a predominant effect
of low-flow anesthetic and perioperative lung-
protection strategies about pulmonary function
preservation.
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Figure 1. PRISMA Flow Diagram of Study Selection Process
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DISCUSSION

The current investigation shows that low-flow
anesthesia has beneficial effects on post-
operative pulmonary function and
complications when compared with high-flow
anesthesia. Based on a meta-analysis, we
conclude that Ilow-flow anesthesia better
maintained post-operative FEV, decreased
atelectasis, and improved perioperative
respiratory stability. This study further
substantiates the notion that low-flow
anesthesia maintains more natural airway
conditions while facilitating anesthetic goals.
The significant reduction in postoperative
pulmonary outcomes seen in this review might
be attributable to less cooling and drying of
the anesthetic gases when using low-flow
techniques. Preservation of mucociliary activity
and airway temperature and humidity are
important mechanisms by which airway
inflammation and subsequent pulmonary
complications can be reduced.
Chutipongtanate and colleagues (9) also
suggested that anesthetic techniques can alter
the perioperative inflammatory and
immunological response to surgery related to
more specific mechanisms of anesthetic
implementation modulating regulatory Tcell
activity during major surgery. This data
indirectly draws support to the theory that
improvement in anesthetic delivery technique
often means an improved postoperative state
and less physiologic stress. Short et al. (15)
and other authors demonstrated that
anesthetic management and depth of
anesthesia have a potentially important
influence over long-term outcomes suggesting
anesthetic management should be tailored in
an evidence based and physiologically
protective fashion.

Current data are comparable with the results
of investigations  assessing  pulmonary

Figure 2. Forest Plot Showing Effect of Low-Flow Anesthesia
on Postoperative FEV,

Mean Difference  Weight
Mean Difference (V. Random, 95% CI) (5% Cl) ]

Favours High-Flow Faveurs Low Flow
Mean Difference in FEV, (%)

optimization  strategies and  pulmonary
rehabilitation techniques on surgical patients.
Kumar et al. (10) showed that implementing
the pulmonary improvement interventions
during the period following abdominal
operation resulted in a marked amelioration in
the postoperative respiratory recovery. While
the incentive spirometry technique was the
target of their evaluation, the improved values
in pulmonary function are comparable to the
reductions in pulmonary dysfunction found in
this review with low-flow anesthetic
administration. Both techniques facilitate a
reduction in the respiratory dysfunction tied to
intraoperative anesthesia.

On top of that, the lower incidence of
atelectasis seen in the low-flow anesthetic
groups may reflect better preservation of
alveolar ventilation and less airways
desiccation. Meierhenrich et al. (13) found that
implementing effective perioperative analgesic
techniques lead to improved postoperative
pulmonary  function following thoracic
procedures by improving respiration
mechanics, and preventing post-surgical
hypoventilation caused by splinting. This, in a
similar means, could be the reason why low-
flow anesthesia is seen to advantageously
preserve respiratory physiology. Kamitani (12)
also has shown that different anesthetic
techniques can be seen to affect the latter
proposed mechanisms to explain the
detrimental effects on pulmonary function,
namely the effect upon respiratory physiology,
during regional and combined modes of
anesthesia.

The other important issue found in present
study was the stable perioperative respiration
with low flow anesthesia during both induction
and maintenance of anesthesia. Epstein et al.
(11) found different hemodynamic and
respiratory responses to various approaches of
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anesthesia induction by hemodynamic and
respiratory monitoring in group of healthy
Children. Lin et al. (14) proved that
inhalational induction affects respiratory
efficiency and intubating conditions in
gynecologic patients. Although most of these
researches compared different anesthesia
induction approaches rather than flow rates,
they all suggested that inhalation anesthesia
approach by anesthetic administration would
have effect on perioperative respiration and
stability.

A further point of interest found in the current
investigation was the low degrees of
heterogeneity observed across the included
literature. This was indicative of the benefit
that low-flow anesthesia has across different
surgical types. It could be seen from the
results of the subgroup analysis that favorable
pulmonary  profiles were reported in
gynecological laparoscopic thoracic and
abdominal procedures, all through regular low-
flow anesthetic techniques, and that the
method of anesthesia could be generalized to
other specialties. The use of low-flow
anesthesia also brings the additional benefits
of reduced anesthetic gases, overall cost
savings, and less polluting effects, which all
contribute to the clinical importance of the
technique in the daily surgical setting.

Even so, there are limitations that we should
note. The range of surgical populations,
anesthesia techniques and drug combinations,
duration of surgeries and the assessments of
pulmonary outcome measures between
studies may have affected the combined
results. Some studies had small sample sizes
and short follow up duration which limited the
evaluation of pulmonary result on longer term
of anesthesia. Variation of the ventilatory
settings, positive end-expiratory pressure
levels and perioperative analgesic usage may
have been confounding factors. Larger and
multi-centered  randomization trials are
necessary to determine a minimum dose of
clear indication or issues of safety of low flow
anesthesia.

In general, the currently studied data indicate
that low-flow anesthesia is preferable to
traditional high flow anesthesia with better
postoperative pulmonary function, reduced
respiratory complication rate, and
perioperative respiratory stability. From the
current findings, further trials and updates
should So be performed to incorporate low-
flow anesthesia techniques into the overall
perioperative management of anesthetized

patients in a safe, cost-effective and
environmentally conscious manner.

CONCLUSION

To wrap up, the current study illustrated the
potential clinical benefit using low-flow
anesthesia in maintaining postoperative
pulmonary function and respiratory side-
effects versus traditional high-flow methods.
Patients who were anesthetized utilizing low-
flow techniques experienced better
postoperative pulmonary function,
demonstrated a lower rate of atelectasis
formation, and experienced more stable
perioperative  respiratory function across
various surgical settings. These clinical
benefits are most likely attributable to better
preservation of upper airway humidification,
less mucosal irritation, sustained mucociliary
clearing mechanisms, and more stable
respiratory  mechanics  during low-flow
anesthesia. Still, the results of this analysis
also underline the wider clinical significance of
low-flow anesthesia as for post-operative
outcome, not just pulmonary protection.
Reduced use of anesthetic gases and their
attendant reducing pollution, and the reduced
cost linked to lower flow rates are additional
reasons to consistently employ low-flow
anesthesia.  Although there is some
heterogeneity among the studies included,
due to different perioperative management
protocols applied across the studies, the
evidence supports the use of low-flow
anesthesia in routine practice. Further large
multicenter randomized controlled trials, is
propped to be performed in the future to the
best of our knowledge, to standardization, and
to study its clinical implications over longer
period of time. Still, the current study favors
low flow anesthesia as a step up perioperative
management for optimization of respiratory
outcome plus cost effective and eco friendly
anesthesia care.
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