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INTRODUCTION 

 

According to the Surviving Sepsis Campaign (SSC) 2026 

Guidelines—septic shock is clinically diagnosed when a 

patient with an infection meets both of the following 
criteria; persistent hypotension requiring vasopressors 

(norepinephrine or vasopressin) to maintain a Mean Arterial 

Pressure (MAP) of ≥ 65 mmHg along with increased serum 

lactate level of > 2 mmol/L (> 18 mg/dL) despite the 

adequate intravenous fluid resuscitation with crystalloid at 

least 30 ml /kg. The septic shock causes widespread profuse 

vascular dilation, capillaries leak, severe cellular oxygen 

mismatch, and multi-organ failure including lungs, kidneys, 

and liver and intestine. However, the Increased lactate levels 

in septic shock are multifactorial driven by a combination of 

accelerated production, altered cellular metabolism, and 

impaired clearance, rather than simple tissue hypoxia alone. 
The endogenous or exogenous epinephrine drastically 

accelerates aerobic glycolysis and pyruvate production, 

outpacing the capacity of downstream metabolic pathways 

and leaking excess lactate into the bloodstream. Even use of 

many drugs such as propofol (>5mg/kg/hr for 72 hr), 

sodium bicarbonate, metformin, linezolid, acetaminophen, 

even Nucleoside Reverse Transcriptase Inhibitors (NRTIs) 

are involved in the hyperlactatemia. Persistent or rising 

lactate in septic shock despite normalized blood pressure 

and adequate fluid resuscitation should prompt clinicians to 

evaluate for medication-induced contributions for type -B 

hyperlactatemia, or as result of  occult hypoperfusion, 

microvascular shunting, or thiamine deficiency. Serum 

lactate levels exceeding 4 mmol/L are the prognostic 
markers and correlate with significantly higher mortality 

rates in septic shock. However, the increased blood lactate 

levels are not specific to the septic shock only, usually it is 

witnessed in all type of shocks. Therefore, hyperlactatemia 

should not be the inherited component of definition of septic 

shock. This systematic review has described the various 

causes of hyperlactatemia in septic shock beyond to the 

anaerobic metabolism and generalized inflammation. 

Therefore, hyperlactatemia should not be an inherent 

component of the definition of septic shock. This systematic 

review describes the various causes of hyperlactatemia in 

septic shock beyond anaerobic metabolism and generalized 
inflammation, presenting lactate as an important prognostic 

and physiological signal rather than an inherent, defining 

element of the pathophysiology of septic shock. 

Material and Methods 

"PubMed," "Google," and "Medline" were searched, and 

over 150 recent relevant articles including RCTs, clinical 

studies, meta-analysis, reviews, case reports, case series and 

Cochrane data were analyzed for this systematic review. 

The filter was applied specifically using key words like 

septic shock, all types of shock, hyperlactatemia in shocks 

other causes of  
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ABSTRACT 
Under the international consensus definitions (Sepsis-3), diagnosing septic shock requires comprising two specific clinical criteria after adequate 

fluid resuscitation. Persistent hypotension requiring titrated doses of vasopressors (norepinephrine) to maintain a mean arterial pressure (MAP) of 

65 mm Hg or greater and elevated serum lactate levels greater than 2 mmol/L (>18 mg/dL) independent of hypovolemia. However, the rise in the 

blood lactate levels in the septic shock are due to increased production and reduced clearance, largely independent of simple oxygen deprivation. 

Hyperlactatemia is deeply integrated into the current definition of septic shock, but it is not biologically synonymous with septic shock. 

Nevertheless, lactate is not specific for septic shock, tissue hypoxia, or oxygen debt. In addition, it not only   occurs secondary to the impaired 

perfusion and oxygen delivery, but it may also result from adrenergically mediated exaggerated aerobic glycolysis, altered metabolic flux, impaired 

hepatic or renal clearance, mitochondrial and microcirculatory abnormalities, medications and other causes of type B hyperlactatemia. Even High 

doses of propofol infusion more than 5mg/kg/hour for over 48 hours can lead to PARIS syndrome, that causes mitochondrial dysfunction and halts 

effective adenosine triphosphate (ATP) production, and use of sodium bicarbonate to counter the metabolic acidosis, and medications like 

metformin, paracetamol, albuterol, sodium valproate, salicylates involved in the hyperlactatemia. Therefore, lactate levels may be spuriously high 

in severe septic shock under all these conditions. Contemporary, guidelines themselves recognize that lactate does not directly measure tissue 

perfusion and recommend its use within broader clinical assessment. Hyperlactatemia has been witnessed in almost all type of shocks (cardiogenic, 

vasoplegic, hypovolemic hemorrhagic, obstructive and cryptic), and not an integrated part of septic shock. Therefore, lactate should be regarded as 

an important prognostic and physiological signal encased within the current operational definition, bearing in mind that its biological specificity  for 

shock remains limited. Serum lactate is a surrogate marker rather than an inherent, defining element of the pathophysiology of septic shock. 
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increased lactate in septic shock, lactate and mortality, 

hyperlactatemia in cardiogenic shock, hyperlactatemia 

during and after cardiac surgery, definition of septic shock, 

increased lactate with propofol, sodium bicarbonate, 

metformin, epinephrine. This review did not require any 

ethical approval or consent from the patients. 

Discussion 

Septic shock is the most advanced stage of sepsis, when an 
infection triggers a harmful chain reaction in the body. 

Nonetheless, the body's immune system overreacts to an 

infection and starts harming its own tissues and organs by 

releasing massive amounts of inflammatory cytokines 

[tumor necrosis factor-alpha (TNF-α), interleukin-1 beta 

(IL-1β), interleukin-6 (IL-6, IL-10, IL-12)] into the blood. 

These are involved in extensive tissue injury, and multi-

organ dysfunction and the profound vasodilatation, and 

capillary leaks resulting in severe hypotension (MAP <65 

mmHg) and low perfusion to a level that vital organs are 

deprived of oxygen rich blood. Septic shock can lead to a 
dangerously inadequate tissue perfusion, multiorgan failure, 

and even death.[1] Under the international consensus 

definitions (Sepsis-3), diagnosing septic shock requires 

meeting two specific criteria after adequate fluid 

resuscitation: Persistent hypotension requiring   

norepinephrine to maintain a mean arterial pressure (MAP) 

of 65 mm Hg, SBP <90mmHg, and elevated serum lactate 

levels greater than 2 mmol/L  independent of 

hypovolemia.[1,2] Although serum lactate greater than or 

equal to 4 mmol/L has historically been the threshold for 

fluid resuscitation, intermediate lactate elevation (> 2 to < 4 

mmol/L) is common in patients with sepsis, and  associated 
with increased mortality, consistent with lactate threshold 

for the Sepsis-3 definitions of septic shock (> 2 

mmol/L).[3,4] However, while, considering the lactate for 

increasing the mortality risk, the guidelines overlooked  the 

non- anerobic and drugs(epinephrine, propofol, and  

metformin, paracetamol, albuterol, sodium valproate, 

salicylates ) and stress induced hyperlactatemia. Even use of 

sodium bicarbonate infusion can increase the lactate 

production by increasing the activity of the rate limiting 
enzyme phosphofructokinase and removal of acidotic 

inhibition of glycolysis resulting in increased pyruvate 

production and finally lactate. In addition, sodium 

bicarbonate induced alkalosis shifts the HB-O2 dissociation 

curve to left side, increasing the oxygen affinity of 

hemoglobin and thereby decreasing the oxygen delivery to 

the tissues and so shifting to the same anaerobic pathway of 

hyperlactatemia. [5,6] Most of the time lactate levels 

suppress after decreasing or discontinuation of epinephrine 

or propofol and have no effects on the mortality. This 

specific combination of vasopressor dependence and 
elevated lactate levels >4mol/L carries an in-hospital 

mortality rate ranging from 40% to over 50%.[7,8] The 

analysis per region with the highest number of studies was 

the 30-day septic shock mortality analysis, with n = 46 

studies from Europe, n = 12 studies from North America 

and n = 2 studies from Australia, resulting in mortality rates 

for studies conducted in North America of 33.69%, in 

Europe of 32.49% and in Australia of 26.38%.[9] However, 

the rise in the blood lactate levels in the septic shock are as 

a result of increased production and reduced clearance, 

largely independent of simple oxygen deprivation. The 

Major Mechanisms involve the adrenergic Stimulation 
(Aerobic Glycolysis) in response of release of high amounts 

of stress hormones like epinephrine during septic shock that 

speeds up glycolysis faster than the mitochondria can 

process it. The excess pyruvate turns into lactate through an 

aerobic process. [10] In addition, severe sepsis can cause 

Microcirculatory Dysfunction. Where, the delivery of blood 

to different body tissues becomes unbalanced and faulty, 

and skips past vital tissue beds, creating localized areas of 

oxygen deprived, and forces the cells to switch to anaerobic 

metabolism. [11] 

Normally, the liver clears a large portion of the body's 
lactate. However, during severe septic shock, the decreased 

blood flow to the liver and direct cellular injury reduces its 

ability to clear the excess lactate causing hyperlactatemia. 

[11] Lastly, Severe inflammation causes mitochondria 

dysfunction, and even if oxygen is present, cells cannot use 

it properly to produce energy efficiently, and increases 

lactate production. Therefore, lactate levels may be 

spuriously high in severe septic shock under all these 

conditions and rather mislead the physicians. 

In fact, all types of the shocks (Vasoplegic, septic, 

cardiogenic, hypovolemic/hemorrhagic, obstructive, cryptic 

or hemo-metabolic shocks) are associated with 
hyperlactatemia. So, it should not be a specific biological 

marker for septic shock and poor outcome. Hyperlactatemia 

caused strictly by exogenous epinephrine via stimulating  

β₂-adrenergic receptors, and  accelerating cellular 

metabolism and glycogenolysis, and the rapid surge of 

glycolysis generates pyruvate faster than the mitochondria 

can process it through the tricarboxylic acid (TCA) cycle, 

and excess pyruvate is converted into lactate by the enzyme 

lactate dehydrogenase.[12] Epinephrine also  increases 
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metabolic demand and further accelerates glycolytic flux 

and lactate production by stimulating the Na+/K+-ATPase 

pumps in skeletal muscle cells and a combined results in 

type B hyperlactatemia (occurring without poor tissue 

perfusion or cellular hypoxia). Patients usually present with 

normal or high oxygen delivery and a benign condition, 

where lactate levels rapidly normalize after stopping the 

epinephrine infusion. [12] It does not inherently signal 
tissue hypoxia or worsen mortality, but when it occurs 

during critical illness like shock, distinguishing it from 

hypoperfusion-driven lactic acidosis is vital. Even High 

doses of propofol infusion more than 5mg/kg/hour for over 

48 hours can lead to PARIS syndrome, that causes 

mitochondrial dysfunction and halts effective adenosine 

triphosphate (ATP) production. Also inhibits carnitine 

palmitoyltransferase-1 (CPT-1) a transport enzyme and 

prevents free fatty acids from entering the mitochondria for 

β-oxidation, further cells cannot efficiently utilize oxygen or 

fatty acids to generate ATP via aerobic pathways, and so, 
tissues switch to anaerobic glycolysis to meet energy 

demands. This again results in the excessive accumulation 

of pyruvate and its rapid conversion into lactic acid. [13] 

However, severe lactic acidosis associated with propofol 

infusion appears to be reversible when propofol is 

discontinued. [14] 

Even In cardiogenic shock (CS), blood lactate concentration 

is routinely used to determine shock severity and guide 

clinical decisions. In CS, lactate elevation primarily reflects 

the degree and duration of systemic hypoperfusion due to 
low cardiac output (cardiac index <2.2 L/Min/M2), and 

often compounded by regional ischemia, particularly in the 

splanchnic territory. Moreover, anaerobic mechanisms of 

hyperlactatemia are influenced by adrenergic stimulation, 

post-cardiac arrest syndrome, ischemia-reperfusion injury, 

systemic inflammation, and mitochondrial dysfunction. 

Impaired hepatic and renal clearance further contribute to 

persistent hyperlactatemia, explaining why lactate may 

remain elevated despite apparent restoration of 

macrocirculatory variables. In CS, the mechanisms of high 

lactate levels are also multifactorial and almost similar to 
the septic shock. Therefore, the hyperlactatemia should not 

be confined only in the definition of septic shock. [15] Even 

biochemical parameters for cardiogenic shock includes 

increased blood lactate levels along with low mixed venous 

oxygen saturation (SvO₂) due to decreased CO and blood 

flow and high Natriuretic Peptides (BNP or NT-proBNP) 

elevated due to acute ventricular stretch and increased wall 

stress. [16] The Vasoplegic shock(VPS) or vasodilatory 

shock or vasoplegic syndrome is a severe form of 

distributive shock characterized by profound, life-

threatening hypotension caused by extreme, uncontrolled 

vasodilatation of the blood vessels, despite a normal or 
supra-normal  cardiac output. In addition to the persistently 

low MAP under 65 mmHg despite adequate fluid 

resuscitation, and low systemic vascular resistance (SVR) 

below 800 dyn·s/cm⁵ and preserved or high cardiac output 

(e.g., cardiac index >2.2–2.5 L/min/m²) because the primary 

failure involves the dilated blood vessels rather than the 

heart muscle. [17] Therefore, high doses of vasopressors 

like norepinephrine and or vasopressin are required to 

maintain the MAP and counter the low SVR. In VPS, the 

Increased serum lactate is also common and inherent useful 

marker of tissue oxidative stress. However, here elevated 
lactate can also indicate accelerated aerobic metabolism and 

is therefore not specific for tissue hypoxia. [18] 

It is worth to describe here that in adult and congenital 
complex cardiac surgical patients the hyperlactatemia above 

2 mmol/L during or after cardiac surgery occurs due to both 

hypoxic and non-hypoxic mechanisms. Preoperative cardio-

respiratory instability can occur in patients with 

transposition of the great arteries (D-TGA) with intact 

septum, total anomalous pulmonary venous communications 

(TAPVC) with restricted ASD, hypoplastic left heart 

syndrome and aortic dissections, and acute coronary 

syndrome as a result of hypoxemia, hypotension. 

Hyperlactatemia during CPB precipitated by inflammatory 

cytokines, surge of catecholamines, hyperglycemia, 

capillary and mitochondrial dysfunctions, cardioplegic 
solution, hypothermia, blood transfusion, use of high doses 

of drugs like metformin, paracetamol, SGLT2 inhibitors, 

high doses of epinephrine, microcirculatory failure. In 

postoperative periods continuation of elevated lactate levels 

or delayed onset after cardiac surgery or as a result of 

complications of palliative or corrective surgery such as 

overflowing BT shunt, residual RVOT or LVOT gradients, 

low cardiac output syndrome, or various hemodynamic 

shocks like cardiogenic, septic or vasoplegic shocks or even 

obstructive and cryptic shocks and cardio-respiratory arrest 

and PRIS due to high doses and prolonged use of propofol 
in cardiac ICU. [18,19,20,21].But variably, the etiology is 

multifactorial and the intensity of hyperlactatemia is 

aggravated by these additional mechanisms involved in 

lactate formation. For adults with sepsis and elevated lactate 

or septic shock, the guidelines have suggested serial lactate 

measurements to guide resuscitation but with conditional 

recommendation and low certainty evidence. However, it is 

applicable for all types of shocks. [1]  So lactate cannot be 

considered as a specific marker of septic shock, rather its 

value may be disproportionately high due to other 

mechanisms of increased lactate levels. in addition, high 

lactate levels due to all these additive factors is not 
associated with high mortality. So, hyperlactatemia cannot 

be considered as marker of severe septic shock and 

increased mortality. Even sepsis guidelines have advised to 

use selective, rapid diagnostic testing to guide antibiotic 

therapy, recognizing that sepsis remains a clinical diagnosis 

that cannot be ruled in or out by a single biomarker or 

lactate level. [1] Even sepsis guidelines 2026 for adults with 

possible, probable, or definite sepsis or septic shock, 

“suggest” measuring blood lactate levels (conditional 

https://en.wikipedia.org/wiki/Vasodilatory_shock
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recommendation, low certainty evidence) in septic shock. 

[1] 

Conclusion 

Hyperlactatemia is incorporated into the current operational 
definition of septic shock, but it is not biologically 

synonymous with septic shock. Under Sepsis-3, lactate >2 

mmol/L in the presence of persistent vasopressors 

requirement to maintain the adequate blood pressure despite 

adequate fluid resuscitation identifies the septic shock 

phenotype associated with increased mortality. However, 

lactate is neither specific for septic shock nor a direct 

measure of tissue hypoxia, or oxygen debt. Hyperlactatemia 

may result not only from impaired tissue perfusion and 

oxygen delivery, but also from adrenergically mediated 

exaggerated aerobic glycolysis, altered metabolic flux, 
impaired hepatic or renal clearance, mitochondrial and 

microcirculatory abnormalities, medications, and other 

causes of type B hyperlactatemia. Consequently, an elevated 

blood lactate should not automatically be interpreted as 

evidence of an anaerobic metabolism and or tissue 

hypoperfusion. Even guidelines themselves recognize that 

lactate does not directly measure tissue perfusion and 

recommend its use within broader clinical assessment. The 

most defensible position, therefore, is not that lactate should 

be discarded from the definition of septic shock, nor that 

every elevation represents anaerobic metabolism. Rather, 

lactate should be regarded as an important prognostic and 
physiological signal encased within the current operational 

definition, bearing in mind that its biological specificity for 

shock remains limited. Thus, serum lactate is a surrogate 

marker rather than an inherent, defining element of the 

pathophysiology of septic shock. 
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