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Background: The influencing factors of postoperative recovery in elderly patients undergoing gastrointestinal tumor surgery are
complex, and inflammatory responses have been confirmed to play a critical role. However, the specific impact of inflammatory cells
on postoperative length of hospital stay (LOS) in elderly patients following general anesthesia for gastrointestinal surgery remains
unclear.

Methods: This study collected perioperative data from elderly patients who underwent gastrointestinal tumor surgery at a tertiary
hospital between 2019 and 2023. By analyzing the relationship between perioperative factors and postoperative LOS, we first used the
LASSO algorithm for variable selection and then employed XGBoost modeling to identify factors associated with rapid (LOS < 7
days) and delayed (LOS > 12 days) discharge. We further explored how inflammatory cells affect postoperative recovery in elderly
patients, with results visualized using SHAP (SHapley Additive exPlanations) plots.

Results: A total of 300 elderly patients who underwent gastrointestinal tumor resection were included, with 58.7% male and a mean
age of 72 + 6.4 years. Key factors associated with rapid discharge included operative time, age, blood loss, total intraoperative fluid
input, urine output, preoperative neutrophil percentage, hemoglobin, and preoperative creatinine. Specifically, a preoperative neutro-
phil percentage in the 60%—70% range was linked to faster discharge. For delayed discharge, significant factors included age, operative
time, preoperative creatinine, preoperative hemoglobin, preoperative neutrophil percentage, intraoperative urine output, the difference
in neutrophil counts between pre- and postoperative periods, total intraoperative fluid input, and blood loss. Patients with preoperative
neutrophil percentages of 70%—-80% and neutrophil count differences of 5%—-25% were more likely to experience delayed discharge.
Conclusion: In elderly patients undergoing gastrointestinal tumor resection, preoperative neutrophil percentage and the change in
neutrophil percentages from pre- to postoperative periods significantly influence postoperative LOS.
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Introduction

The global population is experiencing rapid aging, with elderly patients (typically defined as >65 years) constituting an
increasing proportion of those undergoing gastrointestinal tumor surgery.' Postoperative recovery in this vulnerable
population is often complicated by age-related physiological decline, comorbidities, and altered inflammatory responses,
making the identification of factors influencing postoperative outcomes critical for optimizing care.”* Postoperative
length of hospital stay (LOS), a key indicator of recovery, is influenced by multiple perioperative factors, yet the specific
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role of inflammatory cells in determining LOS in elderly patients undergoing gastrointestinal tumor surgery remains
poorly understood.’

Inflammatory responses are central to surgical trauma and healing, with immune cell dynamics—particularly
neutrophils, lymphocytes, and their derived biomarkers—implicated in postoperative complications such as infection,
organ dysfunction, and delayed recovery.®® Neutrophils, the most abundant circulating leukocytes, play a dual role in
inflammation: they combat pathogens but also contribute to tissue damage through excessive cytokine release.’ Previous
clinical studies have linked elevated preoperative neutrophil counts or neutrophil-to-lymphocyte ratio (NLR) to worse
surgical outcomes, including increased infection risk and worse survival rate, in various surgical populations.'®™'
However, these associations are often inconsistent across studies, and few have specifically focused on elderly patients,
who exhibit unique inflammatory profiles characterized by chronic low-grade inflammation that may modulate post-
operative responses to surgery.

General anesthesia and surgical stress further perturb immune homeostasis, potentially amplifying inflammatory
cascades and affecting recovery trajectories in older adults.'*™'> Despite the clinical relevance of inflammatory cells in
this context, traditional statistical methods struggle to model complex, high-dimensional relationships between perio-
perative variables and LOS. Machine learning (ML), particularly algorithms like eXtreme Gradient Boosting (XGBoost)
and Least Absolute Shrinkage and Selection Operator Regression (LASSO), offers a powerful framework for identifying
non-linear associations and prioritizing key predictors in large, heterogeneous datasets.'®'® These techniques have
shown promise in predicting postoperative outcomes, such as complications and mortality,'® ' however their application
to investigate inflammatory correlates of LOS in elderly gastrointestinal surgery patients remains under-discovered.

Against this backdrop, the present study aimed to leverage ML approaches to identify inflammatory-related factors
associated with rapid versus delayed discharge in elderly patients undergoing gastrointestinal tumor resection. By
integrating LASSO for variable selection, XGBoost for predictive modeling, and SHAP for interpretability, we sought
to delineate the nuanced contributions of inflammatory cells to postoperative recovery in this understudied population.
Findings from this study may inform the development of targeted inflammatory biomarkers for risk stratification and
personalized perioperative management, ultimately improving outcomes for elderly patients undergoing major gastro-

intestinal surgery.

Methods
Study Design and Data Source

This retrospective cohort study included elderly patients (aged >65 years) who underwent gastrointestinal tumor
resection under general anesthesia at a tertiary hospital between January 1, 2019, and August 31, 2023. This study
adhered to the Declaration of Helsinki and received approval from the Ethics Committee of the Eighth affiliated Hospital,
Sun Yat-sen University (Ethics No. 2023-077-01). Given the retrospective nature of this study, which analyzed de-
identified existing clinical data without direct intervention or participant contact, the Ethics Committee waived written
informed consent. To protect privacy and confidentiality, all personal identifiers (eg, names, medical record numbers)
were permanently removed, rendering the data fully anonymized.

The inclusion required sufficient perioperative data, including demographics, preoperative laboratory values (such as
neutrophil count, hemoglobin, creatinine), intraoperative parameters (like operative time, blood loss, fluid input, urine
output), and postoperative outcomes (eg, length of hospital stay [LOS]), to be available for extraction from electronic
medical records (EMR) and the anesthesia system. Patients were excluded if they had incomplete key data that could not
be rectified or supplemented through manual review and validation against clinical records. Those who underwent non -
gastrointestinal tumor surgeries, did not receive general anesthesia or were younger than 65 years were also excluded
from the study (Figure S-1). Data were systematically cleaned to correct inconsistencies and missing values through
manual review and validation. Based on the results of the normality test, continuous variables were presented as mean =+
standard deviation if they followed a normal distribution, or as median (interquartile range) if they did not. Categorical
variables were presented as percentages.
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Outcome Definition

Postoperative LOS was defined as the number of days from surgery to discharge. To create a binary outcome for
predictive modeling, patients were stratified into two groups based on the interquartile range (IQR) of LOS: rapid
discharge group (LOS < 7 days, below the 25th percentile) and delayed discharge group (LOS > 12 days, above the 75th
percentile). Patients with LOS between 7 and 12 days were not analyzed in the binary analysis to focus on extreme
discharge trajectories.

Variable Selection with LASSO Regression

A total of 32 candidate variables, including demographic characteristics (age, sex), preoperative laboratory markers
(neutrophil percentage, hemoglobin, creatinine), and intraoperative metrics (operative time, blood loss, fluid input, urine
output), were initially considered. LASSO regression was applied to reduce dimensionality and identify a parsimonious
set of predictors. Variables with non-zero coefficients in the final LASSO model were retained for subsequent modeling.

XGBoost Modeling

An extreme gradient boosting (XGBoost) classifier was used to model the association between selected variables and
discharge status (rapid vs delayed). The model was trained on a randomly split dataset (80% training, 20% testing) to
evaluate generalizability. Model performance was assessed using accuracy, precision, recall, and the area under the
receiver operating characteristic curve (ROC).

Interpretability with SHAP Analysis
SHAP (SHapley Additive exPlanations) was used to interpret the XGBoost model by quantifying the marginal
contribution of each feature to individual predictions. Three visualizations were generated:

1. Summary Plot: A global overview of feature importance, showing the distribution of SHAP values for each feature
and their relationship with the outcome.

2. Waterfall Plot: A case-specific visualization illustrating how individual feature values contributed to the prediction
of rapid or delayed discharge for a representative patient.

3. Dependence Plot: A local analysis depicting how SHAP values for key inflammatory features varied with their
respective feature values, revealing non-linear relationships or interactions with other features.

Statistical Software

The data were managed and initially analyzed using SPSS software (version 24.0). Data preprocessing and statistical
analyses were further performed in Python (version 3.7) using libraries including pandas, scikit-learn, xgboost, and
SHAP. All statistical tests were two-sided, and a p-value < 0.05 was considered statistically significant.

Results

Baseline Characteristics of Patients

Table 1 summarizes the baseline demographics, comorbidities, preoperative laboratory values, and perioperative para-
meters of 300 elderly patients who underwent gastrointestinal tumor resection. The mean age was 72 + 6.4 years, with
males comprising 58.7% (n=176) of the cohort. The median postoperative length of hospital stay (LOS) was 9 days
(IQR: 7-12 days), serving as the primary outcome for subsequent analyses. Table 2 presents preoperative and post-
operative values for peripheral blood inflammatory cells, along with their absolute differences (postoperative — pre-
operative) and ratio (postoperative/preoperative). Median preoperative WBC was 6.2 (IQR: 5.2-7.7) x10°/L, increasing
to 10.3 (8.3-12.6) x10°/L postoperatively, with a median difference of 3.6 (1.7-6.3) x10°/L and ratio of 1.6 (1.3-2.0),
reflecting a robust postoperative leukocytosis. Mean preoperative LYM% was 24.5 + 9.5%, dropping to 10.4 + 6.0%
postoperatively.
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Table | Baseline Characteristics of Patients

Variables N=300
Age(years) 72+6.4
Sex (male_gender) 176(58.7%)
BMI (kg/m?) 22+3.3
ASA status

| 36(12.0%)

Il 176(58.7%)

1] 83(27.7%)

v 5(1.7%)
Hypertension 122(40.7%)
Diabetes 77(25.7%)
CHD 39(13.0%)
Pre_WBC (1079/L) 6.2(5.2-7.7)
Pre_LYM(%) 24.5+9.5
Pre_NEU(%) 64x11.6
Pre_MONO(%) 7.9(6.3-9.2)
Pre_EQOS(%) 2.3(1.1-3.8)
Pre_BASO(%) 0.5(0.3-0.7)
Pre_AST (U/L) 22(18-27)
Pre_Hemoglobin (g/L) 117£20.5
Pre_PT (s) 13£1.1
Pre_APTT (s) 36148
Pre_Glucose (mmol/L) 5.8(5.1-7.0)
Pre_Potassium 4.0+0.4
Pre_Creatinine 71(59-85)
Anesthesia drugs

Dexmedetomidine 271(90.3%)

Dexamethasone 61(20.3%)
Surgery_duration (min) 284+ 14
Blood_loss (mL) 100(25-125)
Urine_output (mL) 700(400-1100)
Total_infusion (mL) 2400(1900-3075)
Postoperative_LOS (days) | 9(7-12)

Notes: WBC indicates white blood cell; APTT indicates
activated partial thromboplastin time; LYM(%) indicates
the percentage of lymphocyte; NEU(%) represents the
percentage of neutrophils; MONO(%) represents the
percentage of monocyte; EOS(%) represents the percen-
tage of eosinophils; BASO(%) represents the percentage
of basophilic granulocyte

Abbreviations:  ASA,  American  Society  of
Anesthesiologists; AST, Aspartate Aminotransferase; PT,
Prothrombin time.

Model performance was shown in Table S-1. Figure 1A is a SHAP (SHapley Additive exPlanations) summary plot
that visualizes the relationship between individual feature values and their impact on the model’s prediction of rapid
discharge (LOS < 7 days). Longer surgery durations (red dots) predominantly cluster on the negative side of the SHAP
value axis, indicating that increased surgery time reduces the probability of rapid discharge. The SHAP dependence plot
(Figure 1B) depicts the relationship between the preoperative neutrophil percentage (Pre NEU%) and its impact on the
prediction of rapid discharge. As Pre NEU% increases from approximately 60% to 70%, there are notable high SHAP
values (positive values indicate a greater promotion of rapid discharge), suggesting that within this range, higher

preoperative neutrophil percentages are more strongly associated with an increased likelihood of rapid discharge.
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Table 2 Inflammatory Biomarkers Alteration

Variables Preoperative | Postoperative | Difference* | Ratio*
WBC (10°/L) | 6.2(52-7.7) 10.3(8.3—12.6) 3.6(1.7-6.3) 1.6(1.3-2.0)
LYM(%) 24.5+9.5 10.4+6.0 14.1£9.4 0.4+0.2
NEU(%) 64x11.6 82+8.1 18.3£11.8 1.3£0.3
MONO(%) 7.9(6.3-9.2) 6.2+2.7 2.1(0.2-3.7) 0.7(0.6-0.9)
EOS(%) 2.3(1.1-3.8) 0.1(0-1.2) 1.6(0.4-2.9) 0.1(0-0.5)
BASO(%) 0.5(0.3-0.7) 0.1(0.1-0.2) 0.3(0.1-0.5) 0.3(0.2-0.5)

Notes: WBC, indicates white blood cell counts; LYM(%), indicates the percentage of lymphocyte;
NEU(%), represents the percentage of neutrophils; MONO(%), represents the percentage of
monocyte; EOS(%), represents the percentage of eosinophils; BASO(%), represents the percentage
of basophilic granulocyte; Differences* indicates the difference between postoperative and pre-
operative value; Ratio* indicates the ratio between postoperative and preoperative value.

Figure 2A illustrates the relationship between features and their impact on predicting delayed discharge (LOS > 12
days). Figure 2B is a SHAP waterfall plot, which visualizes how individual features contribute to the prediction of
a specific instance (delayed discharge in this context). The SHAP dependence plot (Figure 2C) reveals a non - linear
trend for the impact of the change in neutrophil percentage (Post - Pre NEU%) on delayed discharge. Patients with
neutrophil count differences of 5%—25% were more likely to experience delayed discharge. In Figure 2D, as Pre. NEU
(%) increases further (70-80%), positive SHAP values become more prominent, meaning higher preoperative neutrophil

percentages in this range enhance the likelihood of delayed discharge.

Discussion
This study aimed to investigate the impact of inflammatory cells on postoperative length of hospital stay (LOS) in elderly
patients undergoing gastrointestinal tumor surgery. The findings highlight significant associations between neutrophil -
related parameters and rapid or delayed discharge, underscoring the critical role of inflammatory responses in post-
operative recovery.

Neutrophils, which are central to the inflammatory cascade, serve as a barometer for both the baseline inflammatory
state and the body’s response to surgical stress.” An elevated Pre. NEU% may be indicative of pre - existing subclinical

inflammation or “inflammaging.” Inflammaging, a condition of chronic low - grade inflammation prevalent in the elderly,
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Figure 1 SHAP summary plot (A) visualizes the impact of each feature on the model output. Each dot represents a data point, where the position on the x - axis (SHAP
value) indicates the impact on the model output (positive values increase the likelihood of rapid discharge, negative values decrease it). The color of each dot reflects the
feature’s value (red = high, blue = low). SHAP dependence plot (B) illustrating the relationship between the preoperative neutrophil percentage (Pre_NEU(%)) and its
corresponding SHAP value, which quantifies the feature’s impact on the model output. Pre_NEU indicates the preoperative percent of neutrophils; Pre_HGB indicates
preoperative hemoglobin.
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Figure 2 SHAP summary plot (A) visualizes the impact of each feature on the model output. SHAP waterfall plot (B) visualizes the contribution of each feature to a specific
model prediction. Each horizontal bar represents a feature, with the feature name and value labeled on the left. The color of the bar indicates the direction of the feature’s
impact: red signifies a positive contribution to the prediction, while blue indicates a negative contribution. The length of the bar corresponds to the magnitude of the SHAP
value, which is also numerically labeled on the right. SHAP dependence plot (C) and plot (D) respectively illustrate the relationship between the preoperative neutrophil
percentage (Pre_NEU(%)) and its corresponding SHAP value, as well as the relationship between Post - Pre_NEU(%) and its corresponding SHAP value. Pre_NEU indicates
the preoperative percent of neutrophils; Pre_HGB indicates preoperative hemoglobin; Post - Pre_NEU(%) indicates the absolute difference between the postoperative and
preoperative neutrophil percentages.

is closely associated with the dysregulation of the immune system and the cytokine network.”? In our study, the
preoperative neutrophil percentage (Pre NEU(%)), as depicted in the plot (Figure 1B), reveals a notable pattern: as
Pre NEU(%) increases from approximately 60% to 70%, there is a concentration of high SHAP values (positive values),
indicating that within this specific range, higher preoperative neutrophil percentages are strongly associated with an
increased likelihood of rapid discharge. This finding underscores the nuanced role of preoperative neutrophils in
predicting outcomes, emphasizing that moderate levels within this specific range act as a favorable biomarker for
rapid discharge in this patient population.

However, when Pre NEU(%) is in the range of 70% to 80%, SHAP values exhibit significant positivity, strongly
associating elevated preoperative neutrophil percentages with an increased likelihood of delayed discharge (Figure 2D).
This trend underscores the critical role of preoperative neutrophil levels in shaping postoperative outcomes. Elevated
Pre NEU(%) may reflect underlying inflammatory states or immunosenescence, disrupting tissue repair and fostering
complications that prolong hospital stay. The plot thereby identifies preoperative neutrophil percentage as a pivotal
biomarker for pinpointing patients at risk of delayed discharge, emphasizing the urgency for targeted interventions—such
as anti - inflammatory strategies—in those with higher Pre NEU(%) to mitigate adverse inflammatory responses and
enhance postoperative recovery.

Journal of Inflammation Research 2025:18
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In the SHAP plot Figure 2A, the feature “Post - Pre NEU(%)” reveals a critical relationship with delayed discharge.
As shown in the distribution of dots for this feature, higher values (represented by red dots, indicating a “high” feature
value) predominantly cluster toward negative SHAP values. This indicates that significant increases in neutrophil
percentage postoperatively are negatively associated with delayed discharge. Furthermore, a notable nonlinear trend
emerges in the dependence plot Figure 2C: when Post - Pre. NEU(%) ranges from approximately 5% to 25%, positive
SHAP values are prominently observed, indicating that moderate increases in neutrophil percentage postoperatively
strongly linked to delayed discharge. This suggests that an attenuated inflammatory response level may reflect insufficient
immune activation, failing to trigger protective mechanisms and fostering an anti-inflammatory microenvironment
that hinders recovery.”> When the percentage change in neutrophil count from preoperative to postoperative levels
exceeds 25%, this change exhibits a negative association with delayed discharge. This suggests that a postoperative
neutrophil increase of over 25% relative to the preoperative value may exert a protective effect on patients, reducing the
likelihood of delayed discharge. This nonlinear association underscores the complex role of neutrophil dynamics in
postoperative outcomes, highlighting that postoperative neutrophil percentage increases within this specific range are
critical determinants of delayed discharge, likely due to imbalanced inflammatory signaling and impaired tissue repair
mechanisms.

Beyond the influence of neutrophils, for rapid discharge (Figure 1A), longer surgery durations (red dots clustering on
the negative SHAP value axis) significantly reduce the probability of rapid discharge, highlighting the detrimental impact
of prolonged surgical trauma on recovery timelines.”* In line with previous study,”> Age also plays a role, with higher
ages (red dots) tending to associate with lower chances of rapid discharge, reflecting the challenges of aging on
postoperative resilience. For delayed discharge (Figure 2A), age emerges as a prominent factor, with higher ages
(more red dots) strongly contributing to delayed outcomes, underscoring age - related vulnerabilities such as immuno-
senescence and reduced regenerative capacity. Preoperative hemoglobin and blood loss also show a pattern that impact
postoperative recovery, which has been widely validated in previous studies and do not need further comment.?*?® These
visualizations collectively reveal that multiple clinical factors—surgical, age - related, and laboratory - based—interact to
shape postoperative outcomes, beyond neutrophil - specific metrics, providing a comprehensive view of risks influencing
rapid or delayed discharge in elderly gastrointestinal tumor resection patients.

However, this study has limitations. As a retrospective analysis, it is subject to inherent biases. Additionally, only
neutrophil percentages were analyzed, neglecting other inflammatory markers (eg, cytokines, chemokines) that might
contribute to LOS. Future studies with larger, prospective cohorts and comprehensive inflammatory profiling could
deepen our understanding of these relationships.

In conclusion, this study demonstrates that inflammatory cell parameters, particularly neutrophil - related metrics,
significantly impact postoperative LOS in elderly gastrointestinal tumor surgery patients. These findings underscore the
importance of integrating inflammatory status into perioperative assessment and management, offering a promising
avenue for improving outcomes in this vulnerable population.
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