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ABSTRACT

Background: Postoperative pulmonary complications (PPCs) significantly impact
morbidity and healthcare burden after major abdominal surgeries. Enhanced Recovery
After Surgery (ERAS) protocols have improved surgical outcomes, but the role of
incentive spirometry (IS) as an adjunct in ERAS remains underexplored.
Objective: To evaluate the efficacy of incentive spirometry within the ERAS
framework in reducing PPCs, total fluid administration, and hospital length of stay
(LOS) in patients undergoing major abdominal surgery. Methods: This quasi-
experimental study was conducted at CMH Rawalpindi from June 2022 to March 2023
(ERC #393). A total of 182 patients (n = 91 per group), aged 18-60 years (ASA I-I11),
scheduled for elective major abdominal surgeries were included. Patients were
allocated to the ERAS plus IS group (Group-IS) or conventional care group (Group-
C). PPCs, perioperative fluid administration, and LOS were assessed using clinical and
radiological parameters. Data were analyzed using SPSS (version 23), with statistical
significance set at p < 0.05. Results: PPC incidence was significantly lower in Group-
IS (1.1%) than in Group-C (7.7%) (p = 0.03). Group-IS had significantly reduced
perioperative fluid administration (1509 + 178.23 mL vs. 2300 + 256.23 mL, p = 0.000)
and shorter LOS (1.44 + 0.89 vs. 2.29 + 0.87 days, p = 0.000). Conclusion: Incentive
spirometry as part of the ERAS protocol significantly reduces PPCs, optimizes fluid
management, and shortens LOS in major abdominal surgery, demonstrating clinical
and economic benefits.

INTRODUCTION

Enhanced Recovery After Surgery (ERAS) is a
multimodal, evidence-based approach designed to

recovery. While ERAS protocols emphasize early
mobilization and multimodal analgesia, the role of
incentive spirometry (IS) as an adjunct remains

optimize perioperative care, reduce surgical stress, and
promote early recovery. Initially developed for
colorectal surgeries, ERAS protocols have been widely
adopted  across  various  surgical  specialties,
demonstrating improved patient outcomes and reduced
hospital  stays (1). Postoperative  pulmonary
complications (PPCs) remain a significant concern
following major abdominal surgeries, with incidences
ranging from 20% to 90% for atelectasis and
approximately 40% for pulmonary edema (2). These
complications contribute to prolonged hospitalization,
increased healthcare costs, and elevated morbidity and
mortality rates. Effective perioperative strategies are
required to mitigate pulmonary risks and improve patient
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underexplored.

Surgical stress induces neurohormonal responses that
affect multiple organ systems, with the pulmonary
system particularly vulnerable due to postoperative pain,
diaphragmatic splinting, and reduced mucociliary
clearance (3). Conventional perioperative management
often involves prolonged fasting, excessive fluid
administration, and delayed ambulation, which further
exacerbate pulmonary dysfunction and delay recovery
(4). Studies have shown that ERAS protocols
incorporating preoperative nutritional support, goal-
directed fluid therapy, and early rehabilitation
significantly reduce complications and length of hospital
stay (5). Despite these advancements, the integration of
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IS within ERAS remains an area of limited investigation,
with conflicting evidence regarding its effectiveness in
reducing PPCs in major abdominal surgery patients (6).
Incentive spirometry is a non-invasive pulmonary
intervention that encourages deep breathing, lung
expansion, and secretion clearance, reducing the risk of
postoperative atelectasis and pneumonia. Research
suggests that preoperative IS training can enhance
postoperative lung function, with one study reporting a
reduction in PPC incidence from 42.5% to 20% when IS
was initiated preoperatively (7). However, clinical
evidence remains inconsistent, with some studies
indicating no significant benefit beyond early
mobilization and multimodal analgesia (8). Given the
high burden of PPCs and the need for comprehensive
perioperative strategies, evaluating the efficacy of IS
within ERAS protocols is essential for evidence-based
surgical care.

This study aims to assess the role of IS as an adjunct to
ERAS in preventing PPCs, reducing perioperative fluid
administration, and shortening hospital length of stay in
patients undergoing major abdominal surgery. We
hypothesize that the integration of IS into ERAS
protocols will significantly reduce PPC rates and
improve recovery outcomes compared to conventional
perioperative management.

MATERIAL AND METHODS

This quasi-experimental study was conducted at CMH
Rawalpindi from June 2022 to March 2023 to evaluate
the role of incentive spirometry (IS) as an adjunct within
the Enhanced Recovery After Surgery (ERAS) protocol
in preventing postoperative pulmonary complications
(PPCs) following major abdominal surgeries. The study
included adult patients aged 18—60 years scheduled for
elective major abdominal procedures, with American
Society of Anesthesiologists (ASA) classification I-IIL.
Patients were recruited using a non-probability
consecutive sampling technique and allocated into two
groups: Group-IS, where ERAS guidelines were
followed along with IS, and Group-C, which received
conventional perioperative care. Patients with ASA-IV
classification, pre-existing respiratory disorders that
could impair spirometry use, neurological deficits
affecting voluntary breathing efforts, or those
undergoing emergency procedures were excluded.
Ethical approval was obtained from the Institutional
Review Board (ERC #393), and informed consent was
secured from all participants in accordance with the
Helsinki Declaration. Confidentiality was maintained by
anonymizing patient identifiers and securing data
storage.

The primary outcome measure was the incidence of
PPCs, including atelectasis, pneumonia, and pulmonary
edema, assessed clinically and via postoperative chest
radiography reviewed by a consultant radiologist.
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Secondary outcomes included perioperative fluid
administration and hospital length of stay (LOS).
Preoperative patient assessments included baseline
pulmonary function evaluation, ASA classification, and
demographic data collection. In Group-IS, patients were
trained in IS use preoperatively by a trained nurse, with
a structured regimen of six daily sessions (10 breaths per
session) starting two days before surgery. Perioperative
care followed ERAS principles, incorporating
carbohydrate loading, goal-directed fluid therapy,
multimodal  analgesia, and early ambulation.
Intraoperative variables, including duration of surgery
and anesthesia type, were documented. Postoperatively,
patients in Group-IS continued IS exercises, while those
in Group-C followed conventional postoperative
management, which included delayed oral feeding and
ambulation per standard institutional protocols. PPCs
were recorded based on clinical presentation,
radiographic evidence, and respiratory function
deterioration. LOS was defined as the duration from
surgery to hospital discharge with full recovery
indicators.

Statistical analysis was performed using SPSS version
27, with continuous variables expressed as mean =+
standard deviation and categorical variables as
frequencies and percentages. An independent t-test was
used to compare continuous variables between groups,
while categorical data were analyzed using the chi-
square test. A p-value < 0.05 was considered statistically
significant. Missing data were handled using multiple
imputation techniques, and potential confounding
variables, such as comorbid conditions and surgical type,
were adjusted through stratified analysis. Sensitivity
analysis was performed to assess the robustness of
findings. By systematically integrating IS within ERAS
protocols, this study aimed to provide a reproducible,
evidence-based framework for optimizing perioperative
respiratory care and accelerating surgical recovery.

RESULTS

A total of 182 patients were recruited for the study, with
91 participants assigned to each group. The American
Society of Anesthesiologists (ASA) classification
revealed a relatively balanced distribution between the
two groups, with 42.9% of patients in Group-IS
classified as ASA I compared to 45.1% in Group-C. ASA
IT was observed in 50.5% of Group-IS patients and
46.2% of Group-C patients, while ASA III accounted for
6.6% and 8.8% of patients in Group-IS and Group-C,
respectively. The mean age of the participants was
comparable between groups, with Group-IS having a
mean age of 45.96 £ 9.52 years versus 47.38 +7.83 years
in Group-C (p = 0.271). Gender distribution was also
similar, with males comprising 63.7% and 59.3% of
Group-IS and Group-C, respectively, and females
accounting for 36.3% and 40.7% (p = 0.542).
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Regarding the type of surgeries performed, herniotomy
was the most common procedure, accounting for 44% of
cases in Group-IS and 49.5% in Group-C.
Cholecystectomy followed, with 29.7% of Group-IS and
22% of Group-C undergoing this procedure. Laparotomy
was performed in 13.2% of Group-IS and 11% of Group-
C, while appendectomy accounted for 7.7% and 14.3%,
respectively. Less frequently performed procedures
included gastrectomy (3.3% in Group-IS vs. 2.2% in
Group-C) and abdominoplasty (2.2% vs. 1.1%).

Table 1
Distribution on the basis of ASA
. Group-IS Group-C Total
VALSEIC (n=91) (n=91) N=182
ASAT n (%) 39(42.9%) 41(45.1%) 80(44%)
ASATI n (%) 46(52.3%) 07 (47.7%)  88(48.4%)
ASATII n( %) 06(6.6%) 08(8.8%) 14(7.7%)
Table 2
Age and gender distribution
. Group-IS Group-C p-
Raciables (n=91) (=91)  value
Age in years
Mean - S.D 4596+9.52 4738+7.83 0.271
Gender Males 58(63.7%) 54(59.3%) 0542
n (%) Females  33(36.3%) 37(40.7%) )
Table 3
Type of surgeries among groups
Group-IS Group-C
Type of surgery (n=91) (n=91)
Herniotomy 40(44%) 45(49.5%)
Cholecystectomy 27(29.7%) 20(22%)
Laparotomy 12(13.2%) 10(11%)
Appendectomy 07(7.7%) 13(14.3%)
Gastrectomy 03(3.3%) 02(2.2%)
Abdominoplasty 02(2.2%) 01(1.1%)
Table 4
Perioperative characteristics among groups
q Group-IS Group-C p-
VAL (n=91) (n=91) value
Operative time 97.70 £39.39  95.40 +34.08 0673
Mean + S.D mins mins ’
Fluid administered. 1509 £178.23 2300 +256.23 0.000
Mean + S.D ml ml ’
Post operative
pulmonary 01(1.1%) 07(7.7%) 0.030
complications. n(%)
Length of Hospital 1.44 £0.89 2.29+£0.87
0.000
stay days days

Figure 1: Comparison of Key Outcomes
Comparison of Key Outcomes: ERAS + IS vs Conventional Care

N ERAS + IS (Group-IS)
229 s Conventional (Group-C)

Length of Hospital Stay (days)
1.44
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Key perioperative outcomes demonstrated significant
differences between the two groups. The mean operative
time was slightly higher in Group-IS (97.70 + 39.39
minutes) compared to Group-C (95.40 = 34.08 minutes),
though this difference was not statistically significant (p
= 0.673). However, perioperative fluid administration
was significantly lower in Group-IS (1509 £ 178.23 mL)
compared to Group-C (2300 + 256.23 mL), with a highly
significant p-value of 0.000, indicating superior fluid
management in the ERAS-plus-IS group. Notably,
postoperative pulmonary complications occurred in only
1.1% (n = 1) of Group-IS patients compared to 7.7% (n
= 7) in Group-C, with a statistically significant reduction
(p = 0.030). The length of hospital stay was also
significantly shorter in Group-IS, with a mean duration
of 1.44 £ 0.89 days versus 2.29 + 0.87 days in Group-C
(p = 0.000). These findings suggest that incorporating
incentive spirometry within the ERAS protocol not only
improves pulmonary outcomes but also optimizes
perioperative fluid management and accelerates
postoperative recovery.

DISCUSSION

The findings of this study demonstrate that integrating
incentive spirometry (IS) within the Enhanced Recovery
After Surgery (ERAS) protocol significantly reduces
postoperative  pulmonary  complications  (PPCs),
optimizes perioperative fluid management, and shortens
hospital stays in patients undergoing major abdominal
surgeries. The incidence of PPCs was markedly lower in
the IS group (1.1%) compared to the conventional care
group (7.7%), reinforcing the beneficial role of IS in
mitigating respiratory complications. Additionally, the
mean length of hospital stay was significantly reduced in
the ERAS-plus-IS group (1.44 + 0.89 days) compared to
the conventional care group (2.29 + 0.87 days),
indicating that IS enhances the effectiveness of ERAS
protocols in accelerating postoperative recovery. These
results align with previous studies highlighting the
efficacy of ERAS in reducing surgical stress and
improving patient outcomes (1). However, this study
further strengthens the evidence by demonstrating that
IS, when employed as an adjunct, can amplify these
benefits.

The reduction in PPCs observed in the IS group aligns
with prior research demonstrating that respiratory
prehabilitation, including IS, improves pulmonary
function and reduces postoperative atelectasis and
pneumonia (2). The pathophysiological basis of PPCs
following abdominal surgery includes diaphragmatic
splinting due to postoperative pain, reduced lung
volumes, and impaired mucociliary clearance, all of
which predispose patients to atelectasis and pneumonia
(3). IS promotes deep inspiration, alveolar recruitment,
and secretion clearance, mitigating these complications.
Previous trials have reported that preoperative IS
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training reduces PPC incidence from 42.5% to 20%,
emphasizing the importance of early intervention (4).
However, conflicting evidence exists, with some studies
suggesting that IS alone may not offer significant
advantages over early mobilization and multimodal
analgesia (5). This study contributes to this ongoing
debate by demonstrating that IS, when integrated into a
structured ERAS framework, significantly enhances
pulmonary recovery.

Fluid management is another critical determinant of
postoperative outcomes, as excessive perioperative fluid
administration has been associated with increased risk of
pulmonary complications, delayed gastrointestinal
recovery, and prolonged hospital stays (6). In this study,
the ERAS-plus-IS group received significantly lower
fluid volumes (1509 £ 178.23 mL vs. 2300 +256.23 mL,
p = 0.000), highlighting the effectiveness of goal-
directed fluid therapy within ERAS. Prior research has
indicated that restrictive fluid strategies within ERAS
protocols reduce complications and enhance recovery,
particularly in abdominal surgeries (7). The present
findings further validate this approach, suggesting that
incorporating IS may indirectly contribute to improved
fluid management by promoting early mobilization and
better respiratory function, thereby reducing the need for
excessive intravenous fluids.
The reduction in hospital stay observed in this study is
consistent with previous research indicating that ERAS
protocols facilitate earlier discharge by optimizing
perioperative care (8). A study evaluating ERAS in
thoracic surgery reported a median hospital stay
reduction from 13 to 11 days, with improved
postoperative lung function (9). Similarly, an ERAS-
based approach in gastrointestinal surgery reduced
complications by 41% and hospital stay by 33% (10).
The present study extends these findings to major
abdominal surgeries, demonstrating that IS within ERAS
further enhances recovery by minimizing PPCs and
optimizing perioperative care. Importantly, the clinical
and economic implications of these findings are
substantial, as shorter hospital stays translate into
reduced healthcare costs and improved resource
utilization.

Despite the strengths of this study, including its
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