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ABSTRACT

Acute intestinal ischemia (AIl) is a rare but severe medical emergency with high mortality, particularly when surgical intervention
is delayed, and early diagnosis remains challenging due to the limitations of current diagnostic tools. This diagnostic test accuracy
meta-analysis aimed to synthesise evidence on the diagnostic performance of serum lactate, D-lactate, and L-lactate levels for the
early diagnosis of AIl. A systematic search of 10 databases and registries, including PubMed, EMBASE, and ClinicalTrials.gov,
was conducted up to 9 September 2024. Thirteen studies involving 1,978 patients (600 with AIl) were included. The pooled
sensitivity and specificity of serum lactate were 0.84 (95% CI: 0.81-0.87, I>=82.2%) and 0.60 (95% CI: 0.57-0.62, >=96.5%),
respectively, with an area under the curve (AUC) of 0.836. D-lactate demonstrated higher diagnostic performance, with pooled
sensitivity and specificity of 0.94 (95% CI: 0.89-0.98, 1>=70.5%) and 0.54 (95% CI: 0.46-0.61, ’=96.4%), respectively, and an
AUC of 0.9015. L-lactate showed pooled sensitivity and specificity of 0.81 (95% CI: 0.72-0.87, 1>=76.4%) and 0.68 (95% CI:
0.64-0.72, 1’=96.9%), with an AUC of 0.8288, while plasma lactate exhibited sensitivity and specificity of 0.82 (95% CI: 0.78—
0.86, 1>=86.7%) and 0.56 (95% CI: 0.53-0.60, 1*=97.3%), with an AUC of 0.8196. All included studies showed a low risk of
applicability concerns regarding patient selection, though two had unclear risk concerning the index test. Significant hetero geneity
was observed across studies. Overall, lactate levels—particularly D-lactate—demonstrate promise as biomarkers for early AIl
diagnosis. However, variability in specificity and study heterogeneity necessitate further validation before routine clinical
application. Integrating lactate biomarkers with other diagnostic modalities may enhance early detection and improve patient
outcomes. This review was registered in the Prospective Register of Systematic Reviews (PROSPERO) under CRD42024583735.
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INTRODUCTION

Acute intestinal ischemia (All) is a rare but a serious medical emergency associated with high mortality rate, of 67- 80%, when
surgical intervention is delayed.! It can be categorised as small intestinal (mesenteric) or large intestinal (colonic) ischemia; and
arises from vascular or non-vascular causes, with vascular origins including mesenteric arterial embolism, venous thrombosis,
and non-occlusive ischemia.2* All has a burden on the health system with emergency general surgery across the United States
frequently performing procedures such as bowel resection, anastomosis, and lysis of peritoneal adhesions to manage it.®
Identifying All in early reversible stages minimizes morbidities and mortality.® However, despite its severity and impact on the
health system, the prognosis for patients with All remains poor, largely due to the persistent challenges of early diagnosis and
timely surgical intervention. The classical signs of All include abdominal pain, tachycardia, fever, and peritoneal irritation;
however, these manifestations reflect advanced stages and are mostly unreliable for diagnosing Al at early reversible stages.” 8
Current laboratory biomarkers including C-reactive protein, creatine kinase, and lactate dehydrogenasere are non-specific for All
diagnosis while radiological tests although promising are limited by the varied All causes. °® The ambiguous clinical presentation
and the inaccurate diagnostic tools urgently necessitate more accurate diagnostic measures as delayed surgical interventions may
lead to progressive extension of necrosis that requires large resections and subsequent poor outcomes. % 1 Reliable and consistent
biomarkers for the prediction of All can contribute to better diagnosis. Serum lactate is a feasible and inexpensive biomarker
commonly performed in the hypoperfusion status.? 1* The lactate level in the peripheral blood may correspond to the severity of
All. D-lactate is produced only by colonic bacteria during bacterial fermentation. The normal mucosal barrier is disrupted during
All, resulting in increased permeability, allowing a large amount of D-lactate to pass to the peripheral blood.* L-lactate is
produced as the end product of the anaerobic glycolysis process. In sum, elevated lactate levels may predict early All.*®

Despite the promise, the diagnostic accuracy of serum lactate for diagnosing All is heterogenous with inconsistent results in the
current evidence base. It remains inconclusive on whether serum lactate levels can accurately predict All and the association
between these levels and the extent of bowel necrosis. This has led to calls for evaluation of the diagnostic accuracy of D-lactate
and L-lactate levels in predicting All.**1 Therefore, the present systematic review and diagnostic meta-analysis aimed to fill this
knowledge gap by synthesizing current evidence on the diagnostic accuracy of lactate levels for early diagnosis of All.
Specifically, it aimed to separately meta-analyze studies reporting on D-Lactate, L-lactate, and serum plasma concentration. Such
knowledge is essential to identify patients at the early stages of All and intervene accordingly and promptly reducing morbidity
and mortality.

METHODOLOGY

This review and meta-analysis followed the guidelines of the Cochrane Handbook Of Systematic Reviews of Diagnostic Test
Accuracy®, and is reported using the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines®, see Supplementary File 1. It was registered in the Prospective Register of Systematic Reviews database
(PROSPERO) [CRD42024583735].

Search strategy and study selection

Ten electronic databases, registries, and grey literature repositories were extensively searched from inception up to 9" September
2024: PubMed, EMBASE, Scopus, SIGLE (System for Information on Grey Literature in Europe), NYAM (New York Academy
of Medicine), Virtual Health Library, Controlled Trials (mRCT), ClinicalTrials.gov, WHO International Clinical Trials Registry
Platform (ICTRP) and Google Scholar. Search strategy involved combination of the following two concepts (and related
synonyms, keywords, and MeSH terms) using Boolean operators: 1) intestinal ischemia AND 2) lactate, see full strategy on
Supplementary File 2. Additional studies were identified by hand searching reference lists on included studies. No language
restrictions were set. All identified studies from searches were imported into Rayyan where title, abstract, and full text screening
was done independently by two authors. Disagreements between the authors was resolved by discussion.

All studies with data relevant to the research question were included without restriction on patients’ sociodemographic
characteristics or study setting i.e. articles evaluating the diagnostic accuracy of serum lactate levels for early prediction of acute
intestinal ischemia using relevant measures such as sensitivity, specificity, mean accuracy and/or mean area under the receiver
operator curve (AUC). Acute mesenteric ischemia was defined based on intraoperative surgical diagnosis and pathological
confirmation. Articles without empirical data such as reviews, non-diagnostic accuracy studies or with limited data such as
conference abstracts were excluded.

Data extraction

A pre-prepared Microsoft Excel data extraction tool was used for the data extraction process. Data extracted included: 1) article
characteristics (e.qg. title, year of publication, authors); 2) sociodemographic and baseline clinical characteristics of participants
(e.g., sex, age, body mass index, comorbidities ASA score, history of abdominal surgery, and history of intestinal obstruction);
3) Study methods (e.g. design, sample size and sampling methods, eligibility criteria, study outcomes, follow-up periods); 4)
Outcome and complications data including acute intestinal ischemia causes, clinical presentations, level of obstruction,
malignancy, laboratory markers, radiological findings, and surgical findings and outcomes; and 5) Predictor data including cut-
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off values, median (interquartile range), and diagnostic accuracy measures of L-lactate, D-lactate, and plasma lactate including
sensitivity, specificity, positive predictive value, negative predictive value, positive likelihood ratio, negative likelihood ratio,
and AUC.

Risk of the bias and applicability concerns
The quality of the included diagnostic accuracy studies was assessed using the QUADAS-2 revised tool for the quality assessment
of diagnostic accuracy studies®.

Data analysis

Pooled sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR), diagnostic odds ratio (DOR), and
their 95% confidence intervals (Cl) were calculated and were displayed as forest plots. The summary receiver operating
characteristic curve (SROC), area under the curve (AUC), and Q= index (point at which the sensitivity and specificity are equal)
were calculated. AUC values of more than 80% represented the greatest potential for actual clinical application. Statistical
heterogeneity was determined using Higgins 12 statistic, at the value of >50%, and the Cochrane Q (Chi? test), at the value of
p <0.10. Review Manager version 5.4 and MetaDisc software were used to analyze the data.?! 2

RESULTS

Figure 1 shows the PRISMA flow diagram. A total of 216 articles were identified with 155 of them being excluded as duplicates.
After title, abstract and full text screening, 12 articles were included for data extraction and one study was identified throughout
hand searching of reference lists making it 13articles for the systematic review and meta-analysis.
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Figure 1. PRISMA Framework for the Study Criteria

Study design, participant demographic, and clinical characteristics

Table 1 shows the study design and participants’ demographic and clinical characteristics in the 13 included studies. The present
diagnostic test accuracy meta-analysis included 13 articles, encompassing 1978 patients* 234 of whom, 600 had acute
mesenteric ischemia. There were nine prospective cohort studies (of 13, 69.2%), three case-control studies (23.1%) and one cross-
sectional study (7.7%). Five studies (38.5%) used plasma lactate concentration to evaluate acute intestinal ischemia, while four
(30.8%) used D-lactate The median level of serum lactate ranged from 1.49 to 2.79. There were 571 males and 335 females with
an average age of 38-73 years. Ninety-one patients had a history of previous thromboembolic events, while 32 had a history of
previous abdominal surgeries. Furthermore, 110 patients had vascular acute mesenteric ischemia, while 45 had non-vascular
ischemia.
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Risk of the bias and applicability of the included articles

Figure 2 shows the risk of bias and applicability of the included studies. Ten articles revealed a low risk of bias with patients’
selection.'* 24 2629, 31-34 \While Two articles revealed a low risk with the index test?® 3!, four articles had unclear risk with the
reference standard test®> 26:28.2° Ten articles revealed a low risk of flow and timing.14 2% 24.27.29-3% A the included articles revealed
a low risk of applicability concerns with patients’ selection, whereas two articles showed unclear risk of applicability concerns
with index test'* 3, Ten articles showed a low risk of applicability concerns with reference standard test. 2282
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Figure 2. Risk of Bias and Applicability of the Included Studies

Diagnostic accuracy of serum lactate

Figure 2 shows the diagnostic accuracy characteristics of serum lactate. The pooled sensitivity of serum lactate was 0.84 (95%Cl;
0.81, 0.87) with a statistical heterogeneity between the analyzed articles (1>=82.2%, P<0.001). The pooled specificity was 0.60
(95%Cl; 0.57, 0.62) with a statistical heterogeneity between the analyzed articles (12=96.5%, P<0.001). The pooled PLR and
NLR were 2.28 (95%Cl; 1.69, 3.07) and 0.24 (95%CIl; 0.15, 0.40), respectively. The pooled AUC was 0.8361 with a standard
error of 0.0510. (Figures. 2A, 2B, 2C, 2D, and 2E)

Diagnostic accuracy of D-Lactate, L-Lactate, and plasma lactate concentration

Figure 3 shows the diagnostic accuracy of D-Lactate, L-Lactate, and plasma lactate concentration. Four articles evaluated the
diagnostic accuracy of D-lactate among patients with acute intestinal ischemia.'* 2% 3% %2 |n the random-effects model, the pooled
sensitivity was 0.94 (95%Cl; 0.89, 0.98), and the pooled specificity was 0.54 (95%Cl; 0.46, 0.61) with an AUC of 0.9015. The
diagnostic accuracy of L-Lactate among patients was acute mesenteric ischemia was reported in four articles.? 2% 33 34 pgoling
the data in the random-effects model revealed a pooled sensitivity of 0.81 (0.72, 0.87) and pooled specificity of 0.68 (95%Cl;
0.64, 0.72) with an AUC of 0.8288. Five articles evaluated the diagnostic accuracy of plasm lactate concentration among patients
with acute mesenteric ischemia.?* 2272830 The pooled sensitivity and specificity were 0.82 (95%Cl; 0.78, 0.86) and 0.56 (95%Cl;
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0.53, 0.60) with an AUC of 0.8196.
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Figure 3. Diagnostic Accuracy of D-Lactate, L-Lactate, and Plasma Lactate Concentration

This systematic review and meta-analysis aimed to assess the diagnostic accuracy of serum lactate for All, an often-challenging
condition to diagnose due to its nonspecific clinical presentation. Our findings provide valuable insights into the potential utility
and limitations of serum lactate, with implications for clinical practice and future research. 3 % The present meta-analysis
revealed the diagnostic accuracy of serum lactate to identify All cases. This high sensitivity suggests that serum lactate could
serve as an effective initial screening tool, especially for ruling out All in high-risk populations. However, the specificity was
relatively low, reflecting a significant proportion of false positives. This finding limits its reliability as a standalone diagnostic
tool for confirming All and underscores the need for complementary diagnostic methods, such as imaging or clinical scoring
systems. Furthermore, serum lactate provides only a modest increase in the likelihood of All when elevated. Conversely, the
pooled NLR of 0.24 indicates that normal serum lactate levels effectively lower the probability of All, making it more useful in
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excluding rather than confirming the condition. The overall diagnostic performance, as measured by the AUC suggests that serum
lactate has good discriminatory ability, though not exceptional enough for standalone clinical use. These findings are consistent
with previous studies highlighting lactate as a sensitive but nonspecific biomarker in ischemic conditions.

Subgroup analyses of D-lactate, L-lactate, and plasma lactate concentrations revealed important variations in diagnostic
performance. D-lactate emerged as the most promising marker, with a pooled sensitivity of 94% and an AUC of 0.9015. These
findings support its superior diagnostic potential compared to other lactate subtypes. D-lactate’s higher accuracy may be attributed
to its direct relationship with intestinal ischemia, as it is produced by gut bacteria during hypoxia and ischemia, making it more
specific to intestinal pathology. In contrast, L-lactate and plasma lactate showed more modest diagnostic performance, with
sensitivities of 81% and 82%, respectively, and specificities of 68% and 56%. The relatively lower specificity of plasma lactate
likely reflects its systemic production under various conditions, including sepsis, hypovolemia, and cardiogenic shock, which are
common in critically ill patients. These findings suggest that D-lactate may be more suitable for clinical use in settings where All
is suspected, while L-lactate and plasma lactate could still provide value as part of a broader diagnostic approach.33 %’
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Figure 4. Sensitivity and Specificity of D-Lactate, L-Lactate, and Plasma Lactate Concentration
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High statistical heterogeneity was observed, particularly in specificity estimates. This variability likely reflects differences in
study design, patient populations, and methodologies. For instance, the inclusion of both vascular and non-vascular ischemia
cases may have influenced diagnostic accuracy, as the pathophysiology and lactate production mechanisms differ between these
subtypes. Additionally, variations in comorbidities, such as prior thromboembolic events or abdominal surgeries, may have
impacted serum lactate levels across studies. Furthermore, differences in lactate assays, cutoff values, and time intervals between
symptom onset and measurement contributed to the observed heterogeneity. These findings emphasize the importance of
standardizing lactate measurement protocols in future research. About risk of bias and applicability, most included studies
demonstrated a low risk of bias, particularly in-patient selection and timing of the index test, which strengthens the reliability of
the pooled estimates. However, several studies had an unclear risk of bias related to reference standards, potentially introducing
variability in diagnostic accuracy. Despite these limitations, all studies were deemed to have low applicability concerns for patient
selection, suggesting that the findings are broadly relevant to clinical practice.!® %

The results of this meta-analysis support the use of serum lactate as an adjunctive diagnostic tool for All. Its high sensitivity
makes it valuable for early detection, especially in resource-limited settings where advanced imaging may not be readily available.
However, its limited specificity and substantial heterogeneity necessitate caution when interpreting elevated serum lactate levels.
Clinicians should consider combining serum lactate measurements with other diagnostic modalities, such as imaging, clinical
scoring systems, or other biomarkers like intestinal fatty acid-binding protein (I-FABP), to improve diagnostic accuracy. Among
the lactate subtypes, D-lactate shows the greatest potential for clinical application, particularly in specialized settings where its
measurement is feasible. However, the utility of L-lactate and plasma lactate in broader clinical settings cannot be dismissed,
especially when access to D-lactate assays is limited.

A previous systematic review was published by Reintam Blaser A et al. *and in comparing our findings with this review, both
studies highlight the diagnostic potential of biomarkers for acute mesenteric ischemia (AMI), but with differences in focus and
findings. Our meta-analysis found that serum lactate, especially D-lactate, showed high sensitivity (0.94) but lower specificity
(0.54), suggesting its value for screening AMI, although it may not be as reliable for ruling it out. In contrast, the referenced
review identified ischemia-modified albumin (IMA) and interleukin-6 (IL-6) as the most accurate biomarkers for AMI, with IMA
showing the highest sensitivity and specificity (94.7% and 90.5%, respectively). Our study highlighted lactate as a promising
marker, especially D-lactate, but with moderate specificity, which contrasts with the higher specificity found for IMA and IL-6.
Additionally, while the referenced review explored multiple biomarkers, including I1-FABP, our study focused on lactate subtypes,
suggesting that a combination of markers, including lactate and others like IMA and IL-6, might offer more accurate diagnostic
results for AMI. Another review was conducted by Evennett NJ et al. 3 and several similarities and differences are observed.
Both studies report high sensitivity for D-lactate, suggesting its potential as a useful screening tool for AMI, although neither
study found sufficient specificity to rely on it as a definitive diagnostic marker. Both studies also noted significant heterogeneity,
particularly in specificity and positive likelihood ratios, highlighting variability across the studies included in each meta-analysis.
However, there are some differences in the findings. Our study found higher sensitivity (0.94) compared to the other study (0.82),
but with slightly lower specificity (0.54 vs. 0.48). In contrast, the comparison study reported a higher positive likelihood ratio
(3.04 vs. 2.28), suggesting stronger diagnostic confirmation when D-lactate is positive in their study population. The negative
likelihood ratios were similar between both studies (0.24 in our study vs. 0.35 in the other study), indicating that D-lactate’s
ability to rule out AMI is moderate in both. These differences and similarities emphasize that while D-lactate shows promise for
screening AMI, its diagnostic performance is not optimal, and further research is needed to improve its accuracy, potentially by
combining it with other biomarkers or diagnostic methods.

Study strengths and limitations

This meta-analysis provides the most up to date and comprehensive evidence on diagnosis accuracy of lactate levels for All. It is
based on a search of 10 databases and includes global literature without time restrictions. Several limitations in this meta-analysis
need to be considered. First, the significant variation between studies affects the ability to apply the findings broadly. Second, the
inclusion of both prospective cohort and case-control studies may have introduced selection bias, which could influence the
results. Third, the limited number of studies that focused on specific types of serum lactate reduces the reliability of the subgroup
analyses. Finally, differences in lactate measurement methods and cutoff values make it challenging to directly compare results
across studies. To overcome these issues, future research should aim to standardize lactate measurement techniques and establish
consistent diagnostic thresholds. Larger, multicenter, prospective studies are needed to further validate the accuracy of lactate
subtypes, especially D-lactate, in diverse patient groups. Moreover, combining lactate with other biomarkers and imaging
technologies could lead to a more effective, comprehensive diagnostic approach for All.

CONCLUSION

Serum lactate, especially D-lactate, demonstrates promise as a diagnostic biomarker for All, offering high sensitivity and
moderate overall diagnostic performance. However, its limited specificity and substantial heterogeneity highlight the need for
cautious use. Standardized protocols and the integration of serum lactate with other diagnostic modalities are crucial for
optimizing its clinical utility and improving outcomes in patients with All.
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