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INTRODUCTION

ABSTRACT

Background: General anesthesia and positive-pressure ventilation frequently reduce
lung aeration, predisposing patients to intraoperative oxygenation decline. Bedside
lung ultrasound can detect interstitial patterns, atelectasis, and small effusions before
induction.

Objectives: To describe preoperative lung ultrasound (LUS) findings in adults
undergoing major surgery and determine their association with early intraoperative
oxygenation.

Methods: In this prospective observational study, adults scheduled for major elective
surgery underwent standardized preoperative LUS. Abnormal LUS patterns included
predominant B-lines, pleural line irregularity, basal atelectasis patterns, subpleural
consolidations, or pleural effusion. Intraoperative oxygenation was assessed using the
worst PaO>/FiO. within the first 120 minutes after induction and the occurrence of
hypoxemia (SpO:. <92% for >1 minute). Multivariable regression evaluated
independent associations after adjustment for age, BMI, ASA class, smoking,
COPD/asthma, and surgery duration.

Results: Among 100 analyzed patients, abnormal preoperative LUS was present in
58%. The median lowest intraoperative PaO./FiO. was 292 (IQR 248-336), and
hypoxemia occurred in 26%. Patients with abnormal LUS had lower PaO./FiO-
(median 270 vs 324) and higher rates of PaO»/FiO. <200 and hypoxemia. In adjusted
models, abnormal LUS remained associated with PaO./FiO2 <200 and a lower lowest
Pa02/FiO..

Conclusion: Preoperative LUS abnormalities were common and independently
associated with impaired early intraoperative oxygenation. Incorporating pre-
induction LUS could help risk-stratify patients and prompt targeted ventilatory
optimization.

Keywords: Lung ultrasound; Preoperative assessment; Atelectasis; Hypoxemia;
Pa0,/FiO, ratio; Major surgery; Mechanical ventilation.

Impaired oxygenation during major surgery remains a frequent intraoperative challenge, even in patients with acceptable
baseline respiratory status. General anesthesia reduces functional residual capacity, promotes dependent airway closure,
and can rapidly generate absorption and compression atelectasis, particularly in basal lung regions [1-3]. The resulting
shunt fraction and ventilation—perfusion mismatch contribute to a fall in arterial oxygenation and, in susceptible patients,
clinically relevant desaturation episodes. In upper abdominal procedures, intraoperative oxygenation indices have been
linked to postoperative hypoxemia and pulmonary morbidity, highlighting the clinical value of early oxygenation signals

during anesthesia [4].

Traditional bedside tools used by anesthesiologists to interpret oxygenation decline such as auscultation, airway pressure
trends, and capnography provide indirect or non-specific information. Imaging is often delayed or impractical in the
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operating room. Computed tomography can quantify atelectasis with high fidelity, but it is not feasible in routine
intraoperative care. Lung ultrasound (LUS) has emerged as an accessible, radiation-free modality with good diagnostic
performance for pleural effusion, consolidation, and interstitial syndromes, and it can be applied repeatedly at the bedside
[5,6]. In addition, it can be integrated into routine preoperative assessment without patient transport. Recent international
guidance has emphasized standardized reporting of scanning regions, probe selection, and interpretive criteria to improve
reproducibility across settings [6].

For perioperative practice, LUS offers two practical advantages. First, it can identify pre-existing aeration loss, small
posterior consolidations, or effusions that are not clinically evident before induction. Second, it supports a
physiologically grounded response to oxygenation decline by clarifying whether the predominant pattern is atelectasis,
interstitial change, or effusion. Semi-quantitative scoring systems, including modified approaches designed to improve
pleural visualization, permit severity grading and facilitate correlation with clinically meaningful endpoints [7,8]. In
parallel, perioperative feasibility work and expert perspectives suggest that LUS can function as an early, bedside adjunct
when evaluating intraoperative hypoxemia and monitoring response to recruitment maneuvers and PEEP adjustment

[9,10].

Despite expanding interest, local evidence linking pre-induction LUS patterns to early intraoperative oxygenation
trajectories in major surgery remains limited, particularly in mixed surgical cohorts typical of tertiary-care practice.
Establishing such an association can justify preoperative LUS as a simple risk stratification step and inform proactive
ventilatory optimization.

OBJECTIVES

(1) To determine the frequency and distribution of preoperative LUS abnormalities in adults undergoing major elective
surgery; (2) To evaluate the association between abnormal preoperative LUS and early intraoperative oxygenation,
including worst PaO2/FiO: within 120 minutes and hypoxemia events; and (3) To identify independent predictors of
impaired oxygenation after adjustment for relevant clinical covariates.

MATERIALS AND METHODS

Study design and setting: This prospective observational study was conducted at Navodaya Medical College and
Research Centre, Raichur, Karnataka, India, from November 2024 to April 2025. Institutional Ethics Committee approval
was obtained before recruitment, and written informed consent was taken from all participants.

Participants: Adults scheduled for major elective surgery under general anesthesia were screened. Major surgery was
defined as procedures expected to last >90 minutes with planned tracheal intubation and controlled ventilation. Exclusion
criteria were recent pneumothorax or pleural intervention, severe hemodynamic instability, refusal of consent, and
anticipated one-lung ventilation. Participants were withdrawn if an unexpected one-lung ventilation strategy occurred.
The planned sample size was 100 analyzed patients.

Preoperative lung ultrasound protocol: LUS was performed within 2 hours before induction by a trained
anesthesiologist. Scanning covered anterior, lateral, and posterior/basal regions using standard point-of-care principles
[5,6]. Lung zones were assessed for A-lines, B-lines, pleural line irregularity, subpleural consolidations, basal atelectasis
patterns, and pleural effusion. Predominant B-lines were defined as >2 zones with >3 B-lines. Abnormal LUS was
defined as any abnormal pattern. Aeration loss was summarized using a semi-quantitative score adapted from validated
LUS scoring (0-3 per zone) with standardized descriptors for pleural and B-line abnormalities [7,8]. Severity was
categorized into mild/none, moderate, and severe groups for analysis.

Anesthesia, ventilation, and rescue strategy: General anesthesia was provided according to institutional practice.
Ventilation followed a protective strategy with tidal volume 6—8 mL/kg predicted body weight and initial PEEP of 5
cmH20. FiO: was titrated to maintain SpO2 >94% while avoiding unnecessarily high FiO. where feasible, given its link
to atelectasis development [2,3]. Rescue measures for oxygenation decline included recruitment maneuver, PEEP
escalation, bronchodilator therapy, suctioning, or temporary FiO: increase.

Oxygenation measurements and outcomes: The primary oxygenation metric was the worst PaO2/FiO: recorded within
the first 120 minutes after induction. Hypoxemia was defined as SpO. <92% sustained for >1 minute. PaO2/FiO. <200
was used as a categorical indicator of clinically significant impairment. Secondary outcomes included rescue
interventions and lowest intraoperative SpOx.

Statistical analysis: Data are presented as mean + SD, median (IQR), or n (%). Comparisons used Mann—Whitney U test
and y*/Fisher’s exact tests. Multivariable logistic regression modeled PaO»/FiO. <200, and linear regression modeled
lowest PaO2/FiO:, adjusting for age, BMI, ASA class, smoking, COPD/asthma, and surgery duration. All analyses were
performed in SPSS (version 26.0). Continuous variables were checked for normality using the Shapiro—Wilk test; no
imputation was required. A p value <0.05 was considered significant.
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RESULTS

Participant flow and completeness: During the study period, 112 patients were screened. Ten did not meet eligibility
criteria (recent pneumothorax/pleural intervention: 3; severe hemodynamic instability: 2; refusal of consent: 5). Two
were excluded after enrollment due to intraoperative protocol deviation (unexpected one-lung ventilation). Finally, 100
patients were analyzed with complete preoperative lung ultrasound (LUS) and intraoperative oxygenation data.

Baseline characteristics: The cohort had a mean age of 54.7 + 12.8 years and 62% were male. Most patients were
overweight or obese and nearly one-third were ASA class III. Baseline room-air oxygen saturation was high, consistent
with an elective major-surgery population (Table 1).

Table 1. Baseline demographic and clinical profile (N =100)

Variable Value

Age (years), mean = SD 547+ 12.8

Age group (years), n (%) 18-39: 18 (18.0); 40-59: 46 (46.0); >60: 36 (36.0)
Sex, n (%) Male: 62 (62.0); Female: 38 (38.0)

BMI (kg/m?), mean = SD 26.1+£43

BMI category, n (%) <25:40 (40.0); 25-29.9: 42 (42.0); >30: 18 (18.0)
ASA physical status, n (%) I: 16 (16.0); I1: 54 (54.0); I1I: 30 (30.0)

Smoking status, n (%) Current: 22 (22.0); Former: 18 (18.0); Never: 60 (60.0)
Known COPD/asthma, n (%) 16 (16.0)

Baseline SpO: on room air (%), mean £+ SD 97.1+1.4

Planned surgery duration (min), mean = SD 176 + 58

Preoperative lung ultrasound findings: Abnormal preoperative LUS findings were observed in 58% of patients. The most
frequent patterns were predominant B-lines and pleural line irregularity, followed by small subpleural consolidations and
basal atelectasis patterns, suggesting reduced aeration in posterior/basal regions before anesthesia (Table 2).

Table 2. Preoperative LUS patterns (N = 100)

LUS finding n (%)
Any abnormal LUS finding 58 (58.0)
Predominant B-lines (>2 zones with >3 B-lines) 36 (36.0)
Small subpleural consolidation(s) 18 (18.0)
Pleural line irregularity 22 (22.0)
Basal atelectasis pattern (posterior | 14 (14.0)
consolidation/hepatization without air bronchograms)

Pleural effusion (small/moderate) 12 (12.0)
Normal aeration pattern 42 (42.0)

Intraoperative oxygenation outcomes: The median worst PaO/FiO- ratio within the first 120 minutes after induction was
292 (IQR 248-336). Hypoxemia events requiring escalation of oxygenation strategy occurred in 26% of cases, most
commonly managed with recruitment maneuvers and/or PEEP adjustment. Detailed oxygenation and ventilation
outcomes are shown in Table 3.

Table 3. Intraoperative oxygenation and ventilation outcomes (N = 100)

Outcome Value

Lowest PaO2/FiO: in first 120 min, median (IQR) 292 (248-336)

Lowest SpO: intraoperatively (%), mean + SD 94.8+2.9

Pa0-/Fi0O: category, n (%) >300: 48 (48.0); 200—299: 38 (38.0); <200: 14 (14.0)
Any hypoxemia episode (SpO2 <92% >1 min), n (%) 26 (26.0)

Rescue intervention needed*, n (%) 24 (24.0)

Recruitment maneuver performed, n (%) 20 (20.0)

PEEP escalation >2 cmH20, n (%) 22 (22.0)

*Rescue intervention = any of: recruitment maneuver, PEEP escalation, bronchodilator, suctioning for suspected
secretion load, or temporary increase in FiO: above the protocol target.

Association between preoperative LUS and intraoperative oxygenation: Patients with abnormal preoperative LUS had
significantly lower worst PaO./FiO: and more frequent hypoxemia episodes compared with those with normal LUS
(Table 4).

Table 4. Oxygenation outcomes by preoperative LUS status

Parameter | Abnormal LUS (n = 58) | Normal LUS (n =42) | p value
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Lowest Pa0»/Fi0,, median (IQR) 270 (232-312) 324 (292-360) <0.001
Pa0»/Fi02 <200, n (%) 12 (20.7) 2 (4.8) 0.02
Any hypoxemia (SpO:2 <92%), n (%) 20 (34.5) 6 (14.3) 0.02
Rescue intervention needed, n (%) 18 (31.0) 6 (14.3) 0.04

A graded relationship was observed when aeration loss severity was considered. The severe LUS group had the lowest
Pa0./FiO: values and the highest proportion of PaO./FiO. <200 (Table 5).

Table 5. Oxygenation by LUS aeration loss severity (3-tier grouping)
LUS severity group n Lowest Pa0:/FiO:, | Pa0:/FiO: <200, n (%)
median (IQR)
Mild/none 50 318 (284-352) 3 (6.0)
Moderate 32 282 (244-316) 5(15.6)
Severe 18 236 (198-276) 6(33.3)

Predictors of impaired intraoperative oxygenation: On multivariable analysis, abnormal preoperative LUS remained
independently associated with PaO2/FiO. <200 after adjustment for age, BMI, ASA class, smoking, COPD/asthma, and
surgery duration. In linear regression, abnormal preoperative LUS and higher BMI were associated with a lower worst
Pa0./FiO: (Table 6).

Table 6A. Multivariable logistic regression for PaO./FiO: <200

Predictor Adjusted OR (95% CI) p value
Abnormal preoperative LUS 4.6 (1.2-17.3) 0.02

BMI (per 1 kg/m?) 1.08 (1.00-1.17) 0.04
COPD/asthma 2.1(0.6-7.7) 0.26

Age (per 10 years) 1.3 (0.9-1.9) 0.12

Table 6B. Multivariable linear regression for lowest PaQ./FiO:

Predictor B coefficient (95% CI) p value
Abnormal preoperative LUS —44 mmHg (=66 to —22) <0.001
BMI (per 1 kg/m?) —3.2 mmHg (5.6 to —0.8) 0.01
Longer surgery duration (per 60 min) | =9 mmHg (=18 to 0) 0.05

Clinically relevant secondary observations: Posterior/basal abnormalities (dependent B-lines or atelectasis patterns)
showed the strongest link to oxygenation decline, with PaO2/FiO:> <200 occurring in 10/44 (22.7%) with dependent
patterns versus 4/56 (7.1%) without dependent patterns. Pleural effusion (small/moderate) was associated with a higher
need for rescue intervention (6/12, 50.0%) compared with those without effusion (18/88, 20.5%). No ultrasound-related
adverse events occurred.

DISCUSSION

In this prospective cohort of adults undergoing major surgery, preoperative lung ultrasound abnormalities were frequent
and carried clinically relevant information about early intraoperative oxygenation. More than half of the participants
demonstrated reduced aeration features most commonly dependent B-lines and small subpleural consolidations
suggesting that a proportion of elective surgical patients enter the operating room with occult regional aeration loss. This
observation is consistent with the perioperative tendency toward dependent airway closure and atelectasis after induction
and muscle paralysis [1-3].

Patients with abnormal preoperative LUS had a lower worst PaO»/FiO. within 120 minutes and a higher incidence of
desaturation events, with a clear gradient across LUS severity strata. These results align with perioperative feasibility
studies showing that LUS can detect aeration changes associated with perioperative atelectasis and oxygenation shifts
[9]. They also support expert views that LUS is a practical first-line adjunct when intraoperative hypoxemia occurs
because it enables rapid pattern-based differentiation and serial monitoring during recruitment and PEEP titration [10].

Posterior and basal abnormalities showed the strongest association with PaO./FiO. <200, a relationship that is
physiologically plausible because dependent regions are most susceptible to collapse and shunt during anesthesia. Similar
links between ultrasound-detected atelectasis and perioperative oxygenation have been described in recovery-unit
settings, reinforcing the clinical coherence of LUS-based aeration metrics across the perioperative continuum [11]. In the
adjusted models, abnormal preoperative LUS and higher BMI were associated with worse oxygenation, consistent with
reduced compliance and an increased propensity for dependent collapse in overweight patients [1,2].

Beyond intraoperative oxygenation, perioperative LUS has been evaluated for early detection of postoperative pulmonary
complications after major abdominal surgery. A prospective feasibility study demonstrated that routine LUS screening
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can identify postoperative pulmonary complications and support timely clinical escalation, strengthening the role of LUS
as a bridge between intraoperative physiology and downstream recovery risk [12]. In that context, our pre-induction
findings offer an upstream signal that could be integrated with postoperative surveillance to create a continuous, aeration-
focused monitoring pathway.

Implementation requires standardization. International recommendations and newer consensus guidance emphasize
consistent scanning regions and explicit interpretive criteria [5,6]. Structured aeration scoring systems, including
modified approaches that enhance pleural visualization, provide a pragmatic framework for severity grading and for
tracking response to ventilatory adjustments [7,8]. Interventional studies have shown that ultrasound-guided recruitment
strategies combined with PEEP optimization can reduce atelectasis and improve oxygenation in selected upper
abdominal surgery populations [13], and perioperative treatment bundles guided by LUS have also been explored in
complex surgical groups [14].

Taken together, these findings support the role of a brief pre-induction LUS screen as a practical risk stratification step.
Larger studies should test whether LUS-guided preventive pathways reduce postoperative pulmonary complications and
improve recovery outcomes.

Limitations

This single-center study included a heterogeneous surgical case-mix, limiting procedure-specific inference. Ultrasound
interpretation is operator dependent, and inter-observer reliability was not quantified. Computed tomography
confirmation of aeration loss was not performed. Oxygenation outcomes were limited to the first 120 minutes after
induction. Key covariates such as fluid balance, positioning, and neuromuscular blockade depth were not modeled,
leaving clinically important residual confounding.

CONCLUSION

Preoperative lung ultrasound abnormalities were present in 58% of adults scheduled for major elective surgery and were
associated with clinically meaningful impairment in early intraoperative oxygenation. Patients with abnormal
preoperative LUS exhibited lower worst PaO»/FiO: values and higher frequencies of hypoxemia episodes and rescue
ventilatory interventions. The association persisted after adjustment for age, BMI, ASA class, smoking status,
COPD/asthma, and surgical duration, supporting abnormal LUS as an independent marker of oxygenation vulnerability.
A brief, standardized pre-induction LUS assessment can serve as a practical bedside screening step to identify higher-risk
patients and guide proactive, individualized ventilatory optimization during major surgery within routine perioperative
workflows. Such early stratification can also support timely allocation of monitoring and respiratory resources.
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