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DESCRIPTION

Surgery represents one of the most profound physiological
challenges that the human body can experience. Even under
controlled and aseptic conditions, the act of tissue incision,
manipulation, and repair triggers a cascade of metabolic and
immunologic reactions that extend far beyond the site of injury.
This constellation of responses, collectively termed postoperative
systemic stress, reflects the body’s attempt to restore equilibrium
after acute disruption. However, when the metabolic response
becomes dysregulated, it can evolve into a pathological state with
serious clinical consequences. The study of metabolomic
pathology in postoperative systemic stress reveals how shifts in
energy metabolism, substrate utilization, and biochemical
signaling define the boundary between
complication.

recovery and

At the core of postoperative systemic stress lies an orchestrated
but energy-intensive adaptation. Surgical trauma initiates
activation of the hypothalamic-pituitary-adrenal axis and the
sympathetic nervous system. This hormonal surge releases
cortisol, catecholamines, and glucagon, all of which reshape
cellular metabolism to prioritize survival. The body enters a
catabolic phase characterized by accelerated breakdown of
glycogen, fat, and protein. Glucose production rises through
gluconeogenesis, while insulin sensitivity decreases. These
responses provide immediate energy substrates to critical organs
but simultaneously impose metabolic strain on peripheral
tissues. When this catabolic state persists or becomes excessive, it
produces metabolic imbalance manifesting as hyperglycemia,
lactic acidosis, and nitrogen loss, key features of postoperative
metabolic pathology.

One of the earliest biochemical alterations following surgery is
the shift from aerobic to anaerobic metabolism in peripheral
tissues. Tissue injury and temporary hypoperfusion reduce
oxygen delivery to cells, forcing reliance on glycolysis for energy
production. The accumulation of lactate serves as both a
biomarker and a driver of systemic metabolic dysfunction.
Elevated lactate levels reflect not only hypoxia but also
mitochondrial impairment induced by inflammatory mediators
and oxidative stress. As mitochondrial function deteriorates, the
efficiency of oxidative phosphorylation declines, leading to

increased reactive oxygen species generation. These reactive
species modify lipids, proteins, and nucleic acids, creating a self-
sustaining cycle of oxidative injury that amplifies systemic stress.

A central aspect of metabolomic pathology involves amino acid
metabolism. The triggers  proteolysis,
especially in skeletal muscle, releasing amino acids such as

postoperative state
alanine and glutamine into circulation. These amino acids serve
as substrates for hepatic gluconeogenesis and for the synthesis of
acute-phase proteins that support immune defense. However,
prolonged protein catabolism leads to muscle wasting, weakness,
and delayed wound healing. The depletion of glutamine, a key
nutrient for immune and intestinal cells, compromises barrier
function and promotes bacterial translocation. Thus, while
amino acid mobilization initially supports adaptation, its chronic
activation transforms into a metabolic liability that predisposes
to infection and organ dysfunction.

Lipid metabolism undergoes equally profound changes during
postoperative systemic stress. Catecholamine-driven lipolysis
releases large quantities of free fatty acids into the bloodstream.
These fatty acids provide an alternative energy source for the
liver and heart but can accumulate to toxic levels in tissues with
limited oxidative capacity. Elevated circulating lipids contribute
to mitochondrial stress, endoplasmic reticulum dysfunction, and
insulin resistance. The liver, overwhelmed by the influx of fatty
acids, increases ketone body production. While mild ketosis may
support energy needs, excessive ketogenesis combined with
impaired clearance can lead to metabolic acidosis. The
persistence of high lipid flux also alters membrane composition
and inflammatory signaling, reinforcing the systemic stress
response.

The inflaimmatory dimension of postoperative metabolic
pathology is intimately connected to these biochemical shifts.
Cytokines such as interleukin-6, interleukin-1, and tumor
necrosis factor influence enzyme activity and substrate flow in
nearly every metabolic pathway. They suppress lipogenesis,
enhance proteolysis, and upregulate hepatic acute-phase protein
synthesis. These cytokines also impair mitochondrial respiration
by inhibiting key enzymes in the electron transport chain.
Consequently, inflammation and metabolism become locked in
a feedback loop, where metabolic stress amplifies immune
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activation, and immune activation deepens metabolic
dysfunction. This interplay explains why systemic inflammatory
response syndrome, often observed after major surgery, is as

much a metabolic as an immunologic phenomenon.

Modern

spectrometry and nuclear magnetic resonance spectroscopy, have

metabolomic  technologies, including  mass
made it possible to characterize these biochemical perturbations
in unprecedented detail. By mapping patterns of metabolites
across blood, urine, and tissue samples, researchers can identify
specific metabolic fingerprints associated with surgical stress,
inflammation, or organ dysfunction. These metabolomic
signatures provide valuable tools for predicting complications,
monitoring recovery, and tailoring nutritional or pharmacologic
example, early detection of lactate
accumulation, branched-chain amino acid depletion, or lipid

interventions. For
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oxidation markers may signal the need for metabolic support
before overt clinical deterioration occurs.

CONCLUSION

Therapeutic modulation of postoperative metabolic pathology
focuses on restoring balance between catabolism and anabolism,
oxygen supply and demand, and inflammation and resolution.
Nutritional strategies emphasizing glucose control, adequate
protein intake, and lipid modulation can reduce the duration of
catabolic stress. Pharmacologic interventions that improve
mitochondrial efficiency or enhance insulin sensitivity offer
further promise. The ultimate goal is to guide metabolism from
a state of defensive overactivation toward one of controlled
recovery.
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