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ischemia). Larger studies are currently lacking to reliably ad-
vocate the routine clinical usage of novel markers like muco-
sal damage markers such as intestinal fatty acid-binding pro-
tein.  Conclusion:  Based on current evidence, the level of no 
single serum marker, including serum lactate, is elevated ear-
ly and specifically enough in the serum to diagnose acute 
mesenteric ischemia. 
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 Introduction 

 Diagnosing acute mesenteric ischemia is notoriously 
difficult. The lack of specific symptoms in its early phase 
and its detrimental course (i.e. bowel infarction) in the 
case of missed or late diagnosis necessitate a diagnostic 
marker of early disease stage  [1, 2] . Like any other diag-
nostic marker in clinical medicine, such a tool should 
bear a high sensitivity and specificity. As diagnostic im-
aging, including duplex ultrasonography and computer 
tomographic angiography, is not sensitive enough for 
small (distal) vascular occlusions, clinicians have long 
sought to identify a serum biochemical marker fulfill-
ing these criteria  [3] . Consequently, research on identi-

 Key Words 

 Lactate, serum  �  Acute mesenteric ischemia  �  Serum 
markers  �   D -lactate  �   L -lactate 

 Abstract 

  Background/Aims:  Measurement of serum lactate remains 
the most frequently applied laboratory investigation to di-
agnose acute mesenteric (intestinal) ischemia. The present 
review aims at critically questioning the widespread mea-
surement of serum lactate to diagnose acute mesenteric 
ischemia in clinical practice and at drawing attention to 
more novel markers of intestinal ischemia.  Methods:  An 
electronic search of multiple databases was performed with 
the key words ‘lactate’, ‘marker’, ‘mesenteric’, ‘intestinal’ and 
‘ischemia’ to detect all relevant studies. Additionally, the ref-
erences of published articles were also reviewed.  Results:  
Serum lactate is an unspecific marker of tissue hypoperfu-
sion and undergoes significant elevation only after ad-
vanced mesenteric damage. While  L -lactate is the routinely 
measured stereoisomer of lactate, the other stereoisomer, 
 D -lactate, has been shown to bear a somewhat higher spec-
ificity, which is still not comparable to the extremely specific 
nature of ischemia markers from other organs (e.g. cardiac 
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fying such a marker has been undertaken both at ex-
perimental and clinical levels and has contributed to the 
emergence of several markers with the potential of indi-
cating acute mesenteric ischemia  [3] . Classically, leuko-
cytosis, increased serum amylase and metabolic acido-
sis as evidenced by decreased base excess are common 
on the biochemical profile  [1, 2] . However, traditionally, 
the serum marker which clinicians frequently rely on is 
serum lactate  [4] . Still, the discrepancy between the 
common usage of serum lactate and the certainty of di-
agnosing acute mesenteric ischemia is extremely wide. 
The ideal marker for acute mesenteric ischemia should 
therefore not only have a higher sensitivity and specific-
ity, but – most importantly – also enable earlier diagno-
sis  [3] . Despite the emergence of novel and more promis-
ing markers, their validation in larger cohorts is eagerly 
awaited, and there is ongoing usage of serum lactate in 
modern clinical practice with the intention to diagnose 
acute mesenteric ischemia. The present review aims at 
critically questioning the widespread usage of serum 
lactate to diagnose acute mesenteric ischemia in clinical 
practice and to draw attention to potentially better 
markers which have recently been demonstrated to be 
somewhat superior to serum lactate in diagnosing this 
lethal condition.

  Questioning the Rationale behind Measuring 

Serum Lactate: Hyperlactatemia Is Not an Exclusive 

Indicator of Tissue (Gut) Hypoperfusion 

 Central to the pathophysiology of acute mesenteric 
ischemia is the reduction in mesenteric blood flow  [5] . As 
a result of such a hypoperfusion, the necrotic cells in the 
gut wall are assumed to release substances that can be 
subjected to biochemical detection analysis. Hence, mea-
suring serum lactate as a diagnostic tool in acute mesen-
teric ischemia is derived from the common assumption 
that increased serum lactate indicates tissue hypoperfu-
sion  [3] . At this point, it has to be critically underlined 
that this assumption does not take other potential causes 
of increased serum lactate into account.

  Revision of lactate metabolism provides insight into 
what factors may lead to increased serum lactate beyond 
tissue hypoperfusion. Normally, cells derive their energy 
from either aerobic or anaerobic metabolism of pyruvate, 
which is generated during glycolysis  [6] . In the case of 
oxygen deficiency and thus impaired oxygen-dependent 
(aerobic) metabolism, cells can also derive adenosine tri-
phosphate (ATP) from the anaerobic conversion of pyru-

vate into lactate and water by lactate dehydrogenase 
(LDH). Lactate from peripheral tissues can then be con-
verted (utilized) into pyruvate and glucose in the liver (to 
a lesser extent in the kidneys) during the Cori cycle ( fig. 1 ) 
 [6–8] . Looking at this normal metabolism of lactate, the 
two main reasons for increased serum lactate are (1) in-
creased lactate release from cells (e.g. enhanced glycoly-
sis) or (2) decreased lactate utilization in the liver  [7–10] . 
It should be noted that there is no net release of H +  ions 
in this process (since LDH binds H +  ions during pyruvate 
conversion into lactate) and thus no active generation of 
acidosis  [6, 11] . These ions are derived from hydrolysis of 
ATP during energy consumption of cells and are reuti-
lized by mitochondrial ATP synthase during oxidative 
phosphorylation  [11] . However, as anaerobic lactate gen-
eration does not utilize H +  ions, these are increasingly left 
in the cell. Hence, for an additional acidosis to occur, an 
increase in serum lactate is not sufficient by itself; there 
should be an accompanying decrease in the oxidative me-
tabolism in the mitochondria  [6, 11] . Therefore, increased 
serum lactate is first of all not always accompanied by a 
lactic ‘acidosis’ and does not equal an acidotic state  [6–8] . 
Looking at the normal lactate metabolism, increased se-
rum lactate may thus also be encountered in states of
adequate tissue perfusion or proper tissue oxygenation 
(nonhypoxic conditions), e.g. during impaired liver or 
kidney function (as may be seen in sepsis and shock), due 
to agents that can uncouple oxidative phosphorylation 
(e.g. toxins, drugs) or some underlying disorders that may 
alter lactate metabolism (congenital mitochondrial disor-
ders, diabetes, malignancies)  [7, 8] . Therefore, proper un-
derstanding of lactate metabolism would easily help us 
understand that measurement of serum lactate alone is 
unlikely to be of sufficient diagnostic specificity in acute 
mesenteric ischemia.

  Emergence of Serum Lactate Measurement 

in Diagnosing Acute Mesenteric Ischemia: 

A Historical Perspective 

 So why has lactate long been considered to be a serum 
diagnostic marker of acute mesenteric ischemia? In-
creased serum lactate levels were initially reported by 
studies on intestinal vascular occlusion during surgical 
interventions involving reconstruction of aortic or intes-
tinal vessels. It is noteworthy that from the end of the 
1980s to the mid-1990s, measurement of serum lactate 
was shown to be beneficial in diagnosing acute mesen-
teric ischemia in some European case series, though each 
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time in very small cohorts subject to selection bias  [4, 
12–17] . Among the earliest case series reporting elevated 
serum lactate, the study by Janda et al.  [18]  demonstrated 
tenfold increased serum lactate levels among patients 
who developed postoperative occlusion of intestinal ar-
teries as opposed to uncomplicated cases. Furthermore, 
among patients with acute abdomen and intestinal vas-
cular occlusion, there was a 7-fold increase in serum lac-
tate as opposed to patients without intestinal ischemia 
 [18] . This seemingly specific increase in serum lactate in 
acute mesenteric ischemia was also advocated by Nutz 
and Sommer  [19] , who noted that the rationale for mea-
suring serum lactate is the high demand of the intestine 
for blood and oxygen and thus its high ischemic vulner-
ability. They postulated that in the presence of ischemia, 
intestinal cells would depend on anaerobic metabolism, 

resulting in acidosis and a serum lactic acid increase (lac-
tacidemia) even before necrosis of the tissue  [19] . While 
this idea was repeatedly supported by additional clinical 
studies  [20, 21] , these studies did not include specific re-
marks on the potential time delay between the onset of 
ischemia and time of diagnosis. 

 However, these initial reports which ascribed elevated 
serum lactate an important role in diagnosing acute mes-
enteric ischemia were soon followed by a US study com-
paring mucosal versus seromuscular enzymes of the gut 
wall during acute mesenteric ischemia. There, all of the 
studied enzymes were found to be of no value for early 
diagnosis of acute mesenteric ischemia regardless of their 
origin in the gut wall  [22] . Surprisingly, seromuscular en-
zymes like creatine phosphokinase tended to be elevated 
earlier than mucosal enzymes like diamine oxidase, which 

  Fig. 1.  Overview of lactate metabolism. Lactate is the end product 
of anaerobic glycolysis and is converted from pyruvate by lactate 
dehydrogenase (LDH). Upon its release from peripheral tissues, it 
arrives in the liver and undergoes LDH-mediated conversion to 
pyruvate, which can then be recruited for gluconeogenesis or ox-
idative phosphorylation in the liver, the latter being catalyzed by 
pyruvate dehydrogenase (PDH). Hence, in the case of strenuous 
exercise, it serves as a fuel during such periods of increased an-
aerobic metabolism. Moreover, serum lactate does not cause aci-
dosis per se. Rather, an acidotic state results from the diminished 
recruitment of H +  ions into the mitochondria during states of sup-
pressed oxidative phosphorylation (e.g. hypoxia). An anaerobic 

metabolism is also assumed to take place in the ischemic gut dur-
ing acute mesenteric ischemia, which would result in increased 
lactate release from the gut into the portal vein. However, for the 
serum lactate in the general circulation to be elevated, the amount 
of released lactate from the ischemic gut must exceed the conver-
sion capacity of the liver. Therefore, increased serum lactate is 
rather a marker of anaerobic metabolism and can undergo eleva-
tion during hepatic failure but also other nonhypoxic states which 
affect lactate conversion rates, such as diabetes, malignancies or 
congenital disorders of lactate metabolism. Acetyl-CoA = Acetyl 
coenzyme A. 
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is why the authors questioned the general quest for a mu-
cosa-specific marker of intestinal ischemia. However, the 
investigators also correctly noted that the value of any en-
zyme as a diagnostic tool depends not only on its location, 
but also on its quantity, mechanism of release, clearance 
from the serum and specificity for the intestine  [22] . Even 
during the past 10 years, similar small-scale case series 
either favoring the measurement of serum lactate to diag-
nose acute mesenteric ischemia  [23, 24]  or reporting un-
changed lactate levels among patients with intestinal is-
chemia  [25, 26]  continued to emerge. Overall, one can rec-
ognize that a considerable number of small case series 
reporting elevated serum lactate in acute mesenteric is-
chemia have continuously been paralleled by studies 
which did not confirm this observation.

  Experimental Studies on Serum Lactate Levels in 

Acute Mesenteric Ischemia 

 The discrepancy of the results on the specificity and 
usefulness of serum lactate in diagnosing acute mesen-
teric ischemia can be similarly seen in several experi-
mental studies. Nutz et al.  [27]  performed a study in 
which they cross-clamped the superior mesenteric ar-
tery in rabbits, and they noted increased serum lactate 
until about 40 min after revascularization of the bowel, 
which was absent after cross-clamping of the common 
femoral artery. Similar observations were made after 
occlusion of the superior mesenteric artery as opposed 
to, for example, clamping of celiac vessels  [28, 29] . How-
ever, this seeming experimental specificity could not be 
confirmed in a study by Schlichting and Lyberg  [30] , 
who observed a similar increase in serum lactate in ex-
perimental shock and general hypoperfusion in pigs. In 
two similar studies on small intestinal pH and lactate 
production, lactate increase in the mesenteric vein was 
absent in sepsis-induced intestinal injury, although it 
was detected in ischemia-reperfusion of the bowel  [31, 
32] . Therefore, it became increasingly clear that serum 
lactate elevation may not be due to a specific ischemia of 
the bowel but also due to a general hypoxia or hypoper-
fusion.

  The relevance of hepatic utilization for serum lactate 
levels in intestinal ischemia seemes to be first considered 
in a decisive study by Jakob et al.  [10]  on the dynamics of 
intestinal ischemia. There, the investigators showed that 
intestinal hypoperfusion first results in increased lactate 
levels in the portal vein, which are compensated by ac-
celerated hepatic lactate uptake and metabolization  [10] . 

Hence, in cases of intestinal ischemia, there is an in-
crease in the portal venous-arterial lactate gradient  [10, 
33] . Furthermore, several studies were able to show that 
a systemic lactate increase is actually a late consequence 
of acute mesenteric ischemia unless hypovolemia devel-
ops  [10, 34, 35] . In similar studies, compromised mesen-
teric blood flow could not be detected by means of serum 
(arterial) lactate levels but rather by changes in the in-
tramucosal carbon dioxide partial pressure  [36] , gastric 
intramucosal pH  [37]  and amount of intestinal luminal 
lactate  [38–40] . Hence, numerous experimental studies 
also provided evidence that serum lactate is only some-
times elevated in very advanced acute mesenteric is-
chemia and is in general not helpful for diagnosing its 
early phase.

  Comparison of  D -Lactate and  L -Lactate for 

Diagnosing Acute Mesenteric Ischemia 

 A critical observation related to the dynamics of lac-
tate in serum goes back to the studies by Murray et al.  [41, 
42] , who for the first time analyzed the two stereoisomers 
of lactate, i.e.  D -lactate and  L -lactate, separately to diag-
nose acute mesenteric ischemia. These investigators dem-
onstrated a significant correlation between the elevation 
of plasma  D -lactate levels and the histopathological intes-
tinal injury scores in a rat model of acute mesenteric is-
chemia  [41] , which was confirmed by a similar model 
from a different group  [43] . More importantly, they could 
additionally detect significantly higher  D -lactate levels 
among patients with acute mesenteric ischemia when 
compared to controls with acute abdomen due to other 
causes or patients undergoing laparotomy  [42] .

  The two lactate stereoisomers are characterized by a 
different biological origin.  L -Lactate is produced by all 
cells of the human body and is a product of glycolysis, 
especially under compromised oxygen supply. As stated 
above,  L -lactate is rapidly taken up and metabolized by 
the liver. Therefore, increased serum lactate is not neces-
sarily of intestinal origin but may unspecifically reflect 
reduced tissue perfusion. Thus,  L -lactate may be physio-
logically elevated under anaerobic glycolysis and used as 
a fuel for muscles, e.g. during strenuous exercise. Con-
versely,  D -lactate solely originates from bacteria (e.g. in 
the gut lumen) as a normal product of bacterial fermenta-
tion. Acute mesenteric ischemia results in overgrowth of 
the resident bacterial flora which release  D -lactate into 
the portal and systemic circulation. Originally, humans 
(and all mammals) were believed not to produce the en-
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zyme for metabolizing the  D -isomer, and an increase in 
 D -lactate had been advocated as a more sensitive and spe-
cific marker of acute mesenteric ischemia  [41, 42, 44] , es-
pecially in cardiovascular surgery-related acute mesen-
teric ischemia  [45–47] . However, more recently, humans 
have been reported to be able to metabolize  D -lactate by 
means of a putative  D -LDH  [48] . Unfortunately, the med-
ical literature does not contain sufficient examples of 
studies differentiating between the two stereoisomers of 
lactate in terms of their potential to aid in the diagnosis 
of acute mesenteric ischemia.

  In a recent systematic review, Evennett et al.  [3]  per-
formed a comparative analysis of all major serum mark-
ers of acute mesenteric ischemia. For this purpose, they 
screened the medical literature for all studies from which 
one could derive the true and false negative and positive 
rates of each marker for diagnosing acute mesenteric 
ischemia and calculated a pooled estimate of diagnostic 
accuracy  [3] . From all investigated markers,  D -lactate 
demonstrated the best overall performance with the 
highest diagnostic accuracy index. While the authors un-
derlined the different diagnostic capacity of  D -lactate 
versus  L -lactate, the study did not show the overall per-
formance (diagnostic odds ratio, DOR) of  L -lactate ver-
sus  D -lactate in a comparative manner  [3] . Although the 
diagnostic accuracy of  D -lactate was best among the 
studied markers, none of the DOR values of the studied 
markers, including  D -lactate, were as high as other known 
serological markers of ischemia of other organs, like tro-
ponin for cardiac ischemia  [3] . Looking at the calculated 
sensitivity, specificity and false positive and negative 
rates in that study, it seems that there is quite a difference 
between  D -lactate and  L -lactate in terms of diagnostic ac-
curacy, but the reader cannot easily calculate the DOR 
value of  L -lactate from the study on his/her own. There-
fore, the medical literature still lacks comparative studies 
of  D -lactate versus  L -lactate for diagnosing acute mesen-
teric ischemia.

  The lack of such comparative studies is paralleled by 
an ignorance of the specifics of lactate measurement 
equipment in clinical practice. Serum lactate is fre-
quently measured by means of an arterial blood gas an-
alyzer, e.g. in intensive care units. Normally, the lactate 
values provided by the measurement device do not dif-
ferentiate between the two isomers, so clinicians may 
consider inquiring about the subtype of lactate mea-
sured by the device, i.e.  L -lactate,  D -lactate or total se-
rum lactate. There is only a single study which paid at-
tention to this detail in diagnosing potential acute mes-
enteric ischemia  [45] .

  Moreover, it should be noted that, despite the potential 
advantages of  D -lactate over  L -lactate in acute mesenteric 
ischemia,  D -lactate should also not be considered to be 
specific for this lethal condition. Serum  D -lactate eleva-
tion has been reported to occur in patients following je-
junoileal bypass operation  [49, 50] , in short bowel syn-
drome  [51, 52]  or in association with the intake of probi-
otics  [53] . In a review on  D -lactate-associated acidosis, 
Uribarri et al.  [54]  summarized the pathomechanistic 
factors involved in the development of increased serum 
 D -lactate levels. In particular, they suggested that carbo-
hydrate malabsorption, ingestion of large amounts of 
carbohydrates (glucose, starch) and the subsequent bac-
terial fermentation, diminished colonic motility and im-
paired  D -lactate metabolism in humans lead to increased 
 D -lactate levels. Therefore, current evidence does not 
confirm  D -lactate as a specific and useful marker of acute 
mesenteric ischemia.

  The Quest for a Better Marker of Acute Mesenteric 

Ischemia: Focus on Intestinal Mucosa 

 Due to dissatisfaction with the overall performance of 
serum lactate in the diagnosis of acute mesenteric isch-
emia, clinicians and researchers have put numerous en-
zymes and metabolites under the scope. Some of these 
markers represent classical components of the chemical 
serum bioprofile or blood count, including white blood 
cell count  [55, 56] , creatine kinase  [57] , amylase  [55, 56] , 
LDH  [58, 59] , alkaline phosphatase  [55]  and base excess 
 [60] , among others. In general, none of these markers has 
proven to be superior to lactate in comparative studies  [3, 
55, 59] .

  Two markers which have also been propagated as use-
ful are glutathione-S-transferase and D-dimer. Unfortu-
nately, neither marker is suitable for diagnosing acute 
mesenteric ischemia when used alone, especially due to 
their unspecific nature  [3] . Glutathione-S-transferase 
can also be released from the liver under oxidative stress 
 [56, 61] , and D-dimer is elevated in any thrombotic event 
in the human body  [62, 63] . As intestinal damage during 
acute mesenteric ischemia is assumed to start from the 
intestinal mucosa, another marker which has been fa-
vored for diagnosing acute mesenteric ischemia is intes-
tinal fatty acid-binding protein (i-FABP), which is re-
leased into the blood stream from damaged enterocytes 
at the tip of intestinal villi  [64] . Promisingly, numerous 
studies have detected significantly elevated i-FABP levels 
under acute mesenteric ischemia  [64–73] , and no major 



 Lactate Measurement in Acute 
Mesenteric Ischemia 

Dig Surg 2012;29:226–235 231

concerns have so far been pronounced in terms of its 
specificity for acute mesenteric ischemia. However, a de-
nominator of studies on i-FABP is the small sample size 
and the absence of specific remarks on the time course 
of i-FABP elevation. However, this marker is currently 
and continuously being used to detect enterocyte dam-
age in experimental studies  [74–76] , and clinical studies 
with larger cohorts and better temporal monitoring of 
i-FABP levels are likely to be very useful for the ultimate 
judgment of the role of i-FABP in acute mesenteric is-
chemia.

  The origins and characteristics of the various serum 
markers for mesenteric ischemia are shown in  figure 2 . 

  Prospective Clinical Studies on Serum Lactate Levels 

and Acute Mesenteric Ischemia 

 Review of the current literature reveals that the num-
ber of prospective clinical studies on intestinal ischemia 
markers is still astonishingly quite small (for a recent 
systematic review, please see Evennett et al.  [3] ). More-
over, there is a further lack of studies which have exam-
ined serum  L -lactate levels in a prospective manner in a 
clinical setting ( table  1 ). In the studies by Lange and 
Jackel  [4]  and Lange and Toivola  [20] , in which the in-
vestigators analyzed patients with acute abdomen or ab-
dominal complaints, serum lactate was detected to be 
elevated in nearly all cases of acute mesenteric ischemia, 

but also in all cases of bacterial peritonitis, in half of the 
cases with intestinal obstruction and in around one 
third of the cases with acute pancreatitis. From these 
results, the authors concluded that despite a near-100% 
sensitivity, serum lactate measurement was associated 
with a very low specificity, often below 50%. However, 
the main gain in information out of the considerable 
number of investigated patients in these studies has 
been the identification of serum lactate concentration at 
the time of diagnosis as a predictor of mortality  [21, 77] . 
In recent years, there has been an increase in the num-
ber of prospective studies which have simultaneously 
compared several serum markers for acute mesenteric 
ischemia (e.g. Gearhart et al.  [56]  and Block et al.  [55] ). 
These studies repeatedly demonstrated that none of the 
applied markers exhibit convincing accuracy for diag-
nosing acute mesenteric ischemia. Interestingly, there 
are no prospective studies in the literature which showed 
an absence of an increase in serum lactate during acute 
mesenteric ischemia in larger cohorts. Among the few 
studies in which no elevated serum lactate was mea-
sured, including the above-mentioned study by Akutsu 
et al.  [25] , Acosta et al.  [26]  detected normal serum lac-
tate levels after acute superior mesenteric artery occlu-
sion in only around half of the patients (12/27), thereby 
once again underlining the rather late character of the 
serum lactate increase in suspected acute mesenteric 
ischemia. Overall, considering the data from a recent 
systematic review and another comprehensive review  [3, 

D-Lactate

• Produced by
bacteria in the gut
lumen
• Potentially more
specific for intestinal 
ischemia
• Elevation not early
enough

i-FABP

• Specific for intestinal mucosa
• Early elevation during
mesenteric ischemia
• Lack of large-scale studies

Serum L-lactate

• Unspecific
• Rapidly
metabolized by the
liver
• Late elevation

Seromuscular
enzymes

• CK, LDH, GOT
• Very late elevation

  Fig. 2.  The origins and characteristics of 
serum markers for mesenteric ischemia. In 
addition to the traditional  L -lactate, the 
currently available serological markers of 
mesenteric ischemia can be classified as (1) 
seromuscular markers, including creatine 
kinase (CK), LDH and glutamic oxaloace-
tic transaminase (GOT), (2) gut lumen-de-
rived markers such as  D -lactate or (3) mu-
cosa-derived markers such as i-FABP. 
Overall, none of these markers is sufficient 
on its own for the diagnosis of mesenteric 
ischemia. 
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78] , large-scale prospective studies on the alterations of 
lactate during acute mesenteric ischemia are widely 
lacking and very much needed to conclusively deter-
mine the dynamics of serum lactate alterations in hu-
man acute mesenteric ischemia.

  Conclusion 

 In the 21st century, acute mesenteric ischemia contin-
ues to represent a true diagnostic challenge. Despite ad-
vances in diagnostic imaging, damaged or ischemic bow-
el cannot be detected upon clinical imaging with high 

Table 1. C linical studies on the sensitivity, specificity and accuracy of L-lactate, the commonly used lactate isoform in diagnosing mes-
enteric ischemia

Investigators Study design Lactate in mesenteric 
ischemia

Limitations Evaluation

Lange and 
Jackel 1994 [4]

prospective study
patients with acute 
abdomen
n = 85
blood sampling before 
operation/final diagnosis

elevated lactate in
all cases of mesenteric 
ischemia (n = 20)

elevated lactate in:
all cases of bacterial 
peritonitis;
some cases of intestinal 
obstruction (10 out of 20)

very low specificity (42%)
no remark on the elevation 
time course of lactate

Meyer et al. 
1998 [17]

retrospective study
patients with clinically 
suspected mesenteric 
ischemia
n = 46

elevated lactate in
over 90% of 
mesenteric ischemia 
cases

16 out of a total of 22 
patients with mesenteric 
ischemia were diagnosed 
via clinical suspicion and 
angiography

elevated serum lactate does 
not prove mesenteric 
ischemia

Lange and 
Toivola 1997 
[20]

prospective study
patients with abdominal 
complaints
n = 120

elevated lactate in
24 out of 25 patients 
with mesenteric 
ischemia

elevated lactate in:
20 out of 20 general 
bacterial peritonitis patients;
6 out of 20 acute 
pancreatitis patients

very low specificity (36%)
no remark on the elevation 
time course of lactate

Gearhart et al. 
2003 [56]

prospective study
patients with clinically 
suspected mesenteric 
ischemia
n = 58

elevated lactate in
24 out of 31 patients 
with intestinal necrosis

significant elevation not 
present when subanalysis 
performed with small bowel 
and colonic necrosis

78% sensitivity
53% specificity
accuracy of mere 47–69%
only significant in necrotic, 
but not ischemic bowel

Cronk et al. 
2006 [65]

prospective study
validation cohort of 
patients admitted for 
mechanical small bowel 
obstruction
n = 21

comparison of serum 
L-lactate with i-FABP 
levels

elevated lactate in 1 out of 3 
patients with gut necrosis
false negative elevation in 5 
out of 18 patients without 
gut necrosis

33% sensitivity
72% specificity
small cohort for evaluating 
serum lactate in bowel 
necrosis

Acosta et al. 
2011 [26]

retrospective study
patients with acute 
mesenteric artery occlusion
n = 55

elevated lactate and 
troponin I in 
mesenteric ischemia

elevated lactate in 12 out of 
27 patients

normal lactate may not be 
infrequent after mesenteric 
artery occlusion

Akutsu et al. 
2007 [25]

case report
type B aortic dissection

near-normal serum 
lactate upon admission

single case
in contradiction to another 
case report in which 
increased serum lactate was 
detected during type A 
aortic dissection

aortic dissection may not be 
associated with serum lactate 
elevation despite 
intraoperatively observed 
overt mesenteric ischemia

The common denominator of the studies listed above is the very low specificity and the late increase of serum lactate among pa-
tients with mesenteric ischemia.
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certainty. Therefore, there is ongoing reliance upon se-
rum markers of acute mesenteric ischemia. Since its in-
auguration into routine clinical practice during the 1970s, 
serum lactate has repeatedly been assumed to be the best 
marker of acute mesenteric ischemia. However, numer-
ous clinical and experimental studies have proved that 
serum lactate is merely an unspecific marker of tissue hy-
poperfusion and does not reflect the early, deciding phase 
of intestinal damage.

  As a result of efforts to identify better markers,  D -lac-
tate as the stereoisomer of the routinely measured  L -lac-
tate has been shown to bear a somewhat higher specific-
ity, which is still not comparable to the extremely spe-
cific nature of ischemia markers from other organs. 
Therefore, currently, no single serum marker, including 
the traditional serum lactate, can be regarded as reliable 
enough to diagnose acute mesenteric ischemia. En-
hanced understanding of the pathophysiology of intesti-
nal damage has shifted the attention of researchers to-
wards mucosal damage markers. Consequently, markers 

such as i-FABP are increasingly utilized in diagnosing 
experimental and early clinical acute mesenteric ische-
mia. However, there is an urgent need to verify the effi-
ciency and diagnostic accuracy of such novel markers in 
larger patient cohorts with concomitant close marker 
monitoring. Until the advent of sufficient evidence for 
these novel markers, diagnosing acute mesenteric ische-
mia with currently available markers like serum lactate 
remains a true clinical challenge. Therefore, clinicians 
should combine their clinical impression from patients 
with potential acute mesenteric ischemia together with 
alterations of several of the above-mentioned markers to 
obtain the best possible support for their suspected diag-
nosis.
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