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Abstract

Objective: To investigate the role of oxidative stress markers in monitoring recovery and predicting
complications in post-surgical patients.

Methods: This prospective observational study included 150 post-surgical patients from a tertiary care
hospital. Blood samples were collected at baseline, 24 hours, and 7 days post-surgery. Oxidative stress
markers—malondialdehyde (MDA), reduced glutathione (GSH), and total antioxidant capacity (TAC)—were
measured using established biochemical assays. Recovery was assessed based on length of hospital stay,
return to baseline function, and incidence of post-surgical complications. Correlations and logistic regression
analyses were conducted to evaluate associations between oxidative stress markers and recovery outcomes.
Results: MDA levels significantly increased, and GSH levels significantly decreased 24 hours post-surgery
compared to baseline. Elevated MDA and decreased GSH were associated with longer hospital stays, delayed
return to baseline function, and higher incidence of complications. Logistic regression analysis indicated that
higher MDA and lower GSH levels were significant predictors of post-surgical complications.

Conclusions: Oxidative stress markers, specifically MDA and GSH, are valuable in assessing post-surgical
recovery and predicting complications. Monitoring these markers can provide insights into recovery
trajectories and guide interventions to improve surgical outcomes.

Keywords: Oxidative stress, post-surgical recovery, malondialdehyde, reduced glutathione,
biochemical markers, surgical complications

Introduction

Background: Oxidative stress, a condition characterized by an excess of reactive oxygen species (ROS)
relative to antioxidant defenses, plays a significant role in the body's response to surgical stress. The surgical
process induces a state of metabolic and inflammatory stress, leading to increased ROS production and
oxidative damage to cellular components, including lipids, proteins, and DNA . This imbalance between ROS
and antioxidants is known to contribute to impaired healing and the development of postoperative
complications. According to Sies et al. (2017), oxidative stress is a fundamental mechanism underlying
various diseases and conditions, including surgical recovery .

Problem Statement: Post-surgical oxidative stress has been linked to adverse outcomes and prolonged
recovery times. Elevated oxidative stress markers, such as malondialdehyde (MDA) and reduced glutathione
(GSH), have been associated with complications such as infections, delayed wound healing, and longer
hospital stays . Halliwell and Gutteridge (2015) highlight that these markers can reflect the extent of oxidative
damage and inflammation, which are crucial in predicting recovery trajectories and potential complications.
The ability to monitor and interpret these markers can provide insights into patient recovery and help identify
those at higher risk for complications.

Objective: This study aims to explore the role of oxidative stress markers in monitoring recovery and
predicting complications in post-surgical patients. Specifically, it seeks to:
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Investigate how oxidative stress markers change during the post-surgical period.

2. Determine the correlation between oxidative stress markers and recovery metrics, such as length of
hospital stay and return to baseline function.

3. Assess the potential of oxidative stress markers to predict post-surgical complications, including

infections and delayed wound healing.

Research Questions
1. What are the changes in oxidative stress markers during post-surgical recovery?
2. How do oxidative stress markers correlate with recovery outcomes in post-surgical patients?
3. Can oxidative stress markers predict post-surgical complications?

Significance: Understanding oxidative stress in the context of post-surgical recovery holds significant clinical
potential. Accurate monitoring of oxidative stress markers can enhance patient management by identifying
those at risk for complications and enabling targeted interventions. As noted by Schwarz et al. (2017),
effective monitoring of these biomarkers could lead to improved recovery outcomes and reduced healthcare
costs . By addressing these questions, the study aims to contribute to personalized medicine approaches in
surgical recovery, ultimately improving patient care and clinical outcomes .

Literature Review

1. Oxidative Stress and Its Mechanisms: Oxidative stress arises when there is an imbalance between the
production of reactive oxygen species (ROS) and the body's antioxidant defenses. ROS, including superoxide
anions, hydrogen peroxide, and hydroxyl radicals, are produced as byproducts of metabolic processes and are
involved in cellular signaling and homeostasis. However, excessive ROS can lead to oxidative damage to
cellular macromolecules, contributing to various pathological conditions . Sies et al. (2017) highlight that
oxidative stress is a critical factor in many diseases, including those related to surgical stress.

2. Oxidative Stress Induced by Surgery: Surgical procedures induce a significant stress response in the
body, characterized by inflammation, tissue injury, and increased ROS production. The inflammatory
response following surgery can exacerbate oxidative stress, as evidenced by increased levels of oxidative
stress markers in postoperative patients . According to Halliwell and Gutteridge (2015), surgery-related
oxidative stress can impair wound healing and contribute to complications such as infections and delayed
recovery.

3. Markers of Oxidative Stress: Several biomarkers are commonly used to assess oxidative stress.
Malondialdehyde (MDA\) is a product of lipid peroxidation and serves as an indicator of oxidative damage to
lipids. Reduced glutathione (GSH) is a key antioxidant that helps neutralize ROS and its depletion reflects
oxidative stress . Erel (2005) developed an automated method for measuring total antioxidant capacity, which
can provide insights into the balance between oxidative stress and antioxidant defenses. Studies have shown
that elevated MDA levels and decreased GSH levels are associated with adverse outcomes in various clinical
settings, including post-surgical recovery .

4. Oxidative Stress and Post-Surgical Recovery: Research has demonstrated that oxidative stress markers
can influence postoperative recovery and complications. For instance, increased oxidative stress is associated
with prolonged hospital stays and a higher incidence of postoperative infections . Schwarz et al. (2017),
emphasize that monitoring oxidative stress can help predict recovery trajectories and identify patients at risk
for complications. The ability to track changes in oxidative stress markers during the post-surgical period can
provide valuable information for managing recovery and improving outcomes.

5. Current Gaps and Future Directions: Despite the progress in understanding oxidative stress in surgical
contexts, several gaps remain. There is a need for more comprehensive studies to elucidate the relationship
between specific oxidative stress markers and various surgical outcomes. Additionally, research should
explore the effectiveness of interventions aimed at reducing oxidative stress and their impact on recovery and
complication rates. Future studies should focus on validating biomarkers, optimizing measurement
techniques, and integrating oxidative stress monitoring into clinical practice to enhance post-surgical care.
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Methodology

Study Design: This study employed a prospective observational design to evaluate the role of oxidative stress
markers in monitoring recovery and predicting complications in post-surgical patients. The study was
conducted at a tertiary care hospital over a period of 12 months. Ethical approval was obtained from the ethics
committee, and informed consent was secured from all participants.

Participants: A total of 150 post-surgical patients were recruited for this study. Inclusion criteria were adults
aged 18-75 years undergoing elective or emergency surgical procedures. Exclusion criteria included patients
with pre-existing conditions known to affect oxidative stress levels, such as chronic kidney disease, diabetes
mellitus with severe complications, or active infections at the time of surgery.

Sample Collection and Handling: Blood samples were collected from participants at three time points: pre-
operatively (baseline), 24 hours post-operatively, and 7 days post-operatively. Blood was drawn into EDTA-
coated tubes to prevent clotting and was processed within 30 minutes of collection. Plasma was separated by
centrifugation at 3000 rpm for 10 minutes and stored at -80°C until analysis.

Biochemical Analysis: Oxidative stress markers were measured using established biochemical assays:
e Malondialdehyde (MDA): MDA levels were quantified using the thiobarbituric acid reactive
substances (TBARS) assay, which measures the end-products of lipid peroxidation.
e Reduced Glutathione (GSH): GSH levels were assessed using a colorimetric assay based on the
reaction between GSH and 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB).
e Total Antioxidant Capacity (TAC): TAC was measured using the ferric-reducing antioxidant power
(FRAP) assay.

Recovery and Outcome Measures: Recovery was assessed through several parameters:
e Length of Hospital Stay (LOS): The total number of days each patient spent in the hospital following
surgery.
e Time to Return to Baseline Function: Assessed using a standardized questionnaire evaluating
physical function and daily activities, compared to pre-surgical levels.
e Complications: Recorded incidence of post-surgical complications such as infections, delayed wound
healing, and organ dysfunction.

Statistical Analysis: Data were analyzed using SPSS software (version 27.0). Descriptive statistics were used
to summarize baseline characteristics and oxidative stress marker levels. Changes in oxidative stress markers
over time were analyzed using paired t-tests. Correlations between oxidative stress markers and recovery
outcomes were assessed using Pearson or Spearman correlation coefficients, depending on the data
distribution. Logistic regression was employed to evaluate the predictive value of oxidative stress markers for
post-surgical complications.

Findings

Demographic and Baseline Characteristics: The study included 150 post-surgical patients with a mean age
of 55.2 +12.6 years. Of these, 65% were female and 35% were male. The primary types of surgeries
performed were abdominal (45%), orthopedic (30%), and cardiovascular (25%). Baseline characteristics are
summarized in Table 1.

Table 1. Demographic and Baseline Characteristics of Participants

Characteristic Value
Total Number of Patients 150

Mean Age (years) 55.2 £12.6
Gender (Female) 65%
Gender (Male) 35%
Surgery Types
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- Abdominal 45%
- Orthopedic 30%
- Cardiovascular 25%

Oxidative Stress Markers: Table 2 shows the levels of oxidative stress markers at baseline, 24 hours post-
surgery, and 7 days post-surgery. There was a significant increase in MDA levels and a significant decrease
in GSH levels 24 hours after surgery compared to baseline. By 7 days post-surgery, MDA levels decreased
but remained elevated compared to baseline, while GSH levels showed partial recovery.

Table 2: Oxidative Stress Marker Levels at Different Time Points

Marker Baseline (Mean £SD) | 24  Hours  Post- | 7 Days Post-Surgery
Surgery (Mean £SD) | (Mean +SD)

Malondialdehyde 2.1 +0.3 pmol/L 3.5 +0.6 pmol/L 2.8 +0.4 pmol/L

(MDA)

Reduced Glutathione | 4.8 +0.5 pmol/L 3.2 +0.4 umol/L 4.0 £0.6 umol/L

(GSH)

Total Antioxidant | 1.6 +0.2 mmol/L 1.2 +£0.3 mmol/L 1.4 +£0.2 mmol/L

Capacity (TAC)

Correlation with Recovery Outcomes: Table 3 summarizes the correlations between oxidative stress
markers and recovery outcomes. Increased MDA levels were significantly correlated with longer length of
hospital stay (r = 0.45, p < 0.01) and delayed return to baseline function (r =-0.42, p < 0.01). Decreased GSH
levels were also significantly associated with longer hospital stay (r =-0.39, p < 0.01) and delayed functional
recovery (r = 0.38, p < 0.01).

Table 3: Correlation Between Oxidative Stress Markers and Recovery Outcomes

Marker Length of Hospital Stay (r, p) | Return to Baseline Function
(r,p)

Malondialdehyde (MDA) 0.45,p<0.01 -0.42,p<0.01

Reduced Glutathione (GSH) | -0.39, p<0.01 0.38,p<0.01

Predictive Value for Post-Surgical Complications: Logistic regression analysis indicated that higher levels
of MDA and lower levels of GSH were significant predictors of post-surgical complications. Specifically,
each unit increase in MDA was associated with a 1.8-fold increase in the odds of developing complications
(OR =1.80, 95% CI: 1.35-2.40, p < 0.01). Each unit decrease in GSH was associated with a 1.5-fold increase
in the odds of complications (OR = 1.50, 95% CI: 1.10-2.05, p < 0.05).

Table 4: Logistic Regression Analysis for Predicting Post-Surgical Complications

Predictor Odds Ratio (OR) 95% Confidence | p-value
Interval (CI)
Malondialdehyde 1.80 1.35-2.40 <0.01
(MDA)
Reduced Glutathione | 1.50 1.10-2.05 <0.05
(GSH)
Discussion

Oxidative Stress and Surgical Recovery: This study examined the impact of oxidative stress markers on the
recovery and complications of post-surgical patients. Our findings underscore the significant role of oxidative
stress in post-surgical outcomes, as evidenced by the notable changes in malondialdehyde (MDA) and reduced
glutathione (GSH) levels over the recovery period.
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Oxidative Stress Markers and Recovery: The observed increase in MDA levels and decrease in GSH levels
24 hours post-surgery aligns with previous research highlighting the acute oxidative stress response following
surgical procedures . Elevated MDA, a marker of lipid peroxidation, indicates significant oxidative damage,
while reduced GSH levels reflect compromised antioxidant defenses. These findings are consistent with those
of Halliwell and Gutteridge (2015), who reported that oxidative stress is a common feature of post-surgical
recovery . The partial recovery of oxidative stress markers by 7 days post-surgery suggests that oxidative
stress is attenuated over time but not entirely normalized, which may impact long-term recovery and health
outcomes.

Correlation with Recovery Outcomes: The correlation between increased MDA levels and prolonged length
of hospital stay, as well as delayed return to baseline function, highlights the clinical relevance of oxidative
stress in monitoring recovery. This is supported by Schwarz et al. (2017), who found that oxidative stress
markers are associated with recovery trajectories and complication rates . The negative correlation between
GSH levels and recovery outcomes further reinforces the importance of maintaining robust antioxidant
defenses during the post-surgical period. Patients with lower GSH levels experienced longer recovery times,
suggesting that antioxidant supplementation or interventions could potentially enhance recovery.

Predictive Value for Complications: Our logistic regression analysis identified elevated MDA and
decreased GSH as significant predictors of post-surgical complications. This finding is supported by studies
that have linked oxidative stress with increased risk of complications such as infections and delayed wound
healing . The association of higher MDA levels with a 1.8-fold increase in the odds of complications
emphasizes the need for early identification of patients at risk. Similarly, the association of lower GSH levels
with a 1.5-fold increase in complication odds suggests that maintaining adequate antioxidant levels may be
critical in preventing adverse outcomes.

Clinical Implications: The results of this study have important clinical implications. Monitoring oxidative
stress markers could offer valuable insights into the recovery process and help identify patients who are at
higher risk for complications. This could lead to more personalized and effective management strategies,
including targeted antioxidant therapies. However, the integration of oxidative stress monitoring into routine
clinical practice requires further validation and standardization of measurement techniques .

Limitations and Future Research: This study has several limitations. The sample size, while sufficient for
detecting significant differences, may not fully capture the variability of oxidative stress responses in different
patient populations. Additionally, the study focused on a single hospital setting, which may limit the
generalizability of the findings. Future research should include larger and more diverse patient populations
and explore the efficacy of interventions aimed at modulating oxidative stress. Longitudinal studies examining
the long-term impact of oxidative stress on recovery and health outcomes will also be valuable.

Conclusion

In summary, this study highlights the critical role of oxidative stress markers in post-surgical recovery and
complication prediction. Elevated MDA and decreased GSH levels are associated with prolonged hospital
stays, delayed functional recovery, and increased risk of complications. These findings support the potential
use of oxidative stress markers in enhancing patient management and improving surgical outcomes. Future
research should continue to explore and validate these biomarkers to optimize post-surgical care.
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