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Objective: This study attempted to screen and combine effective biomarkers to analyse the 
association between these biomarkers and gastrointestinal failure (GIF) in critically ill patients.
Methods: A total of 110 critically ill patients with acute gastrointestinal injury (AGI) admitted 
to ICU were enrolled. The AGI grade was determined by the AGI classification proposed by 
ESICM. There were 67 patients in gastrointestinal dysfunction (GID) group (AGI grade II), 43 
patients in GIF group (AGI grade III–IV), and 41 healthy adults in healthy control (HC) group. 
APACHE II and SOFA score were used to evaluate the disease severity. Peripheral blood samples 
of patients were collected within 24 hours of admission to the ICU (prior-treatment) and after the 
conventional medication therapy for 7 consecutive days (post-treatment). Citrulline serum level 
was detected by high-performance liquid chromatography-tandem mass spectrometry (HPLC- 
MS/MS) method, and D-lactate and lipopolysaccharide (LPS) serum levels were measured by 
ELISA. Pearson correlation, logistic regression, and ROC curve analysis were used.
Results: Patients with GID or GIF had lower serum level of citrulline, while higher levels of 
D-lactate and LPS than HC. Compared with GID patients, serum level of citrulline was 
reduced, while D-lactate and LPS were elevated in GIF patients. Correlation analysis 
displayed that serum levels of citrulline, D-lactate, and LPS were associated with the 
APACHE II and SOFA score in patients with GID or GIF. Logistics regression analysis 
showed that citrulline and D-lactate were risk for both GID and GIF. ROC curve analysis 
exhibited that combination of citrulline and D-lactate had relatively high value to distinguish 
GID from HC, GIF from GID, and GIF from HC.
Conclusion: Serum citrulline and D-lactate were associated with severity of GIF, combina
tion of citrulline and D-lactate improved the diagnostic efficacy to identify GIF in critically 
ill patients.
Keywords: gastrointestinal failure, gastrointestinal dysfunction, citrulline, D-lactate, 
critically ill patients

Introduction
Gastrointestinal failure (GIF), defined as concomitant occurrence of ≥ three gastro
intestinal symptoms, is common in ICU patients.1 Among critically ill patients, the 
precipitating factors of GIF include inflammation, sepsis, electrolyte abnormalities, 
and acidosis.2 At present, there is no single biomarker that could reliably describe 
GIF.3 GIF is a clinical entity that often goes undiagnosed.4 Patients with GIF have 
higher mortality rate than patients without GIF.5 Therefore, correct diagnosis and 
early start of treatment are essential for GIF.
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In humans, the main source of citrulline is synthesized 
by enterocytes, and the level of circulating citrulline is 
regarded as a biomarker indicative of a functional 
intestine.6,7 Citrulline is a biomarker of intestinal failure 
due to enterocyte mass decrease.8 Plasma citrulline serves 
as an indicator of small bowel functional mass, which is 
used in clinical practice.9 An animal study has exhibited 
that serum citrulline acts as a biomarker to diagnose septic 
acute intestinal dysfunction in rat.10 Notably, both gastro
intestinal dysfunction (GID) and GIF are related to low 
level of citrulline in critically ill patients.11 Therefore, the 
diagnostic role of serum citrulline on GIF need to be 
further investigated.

D-lactate is produced in minimal quantities by mammal 
cells,12 D-lactate level can elevate because of excess gastro
intestinal microbial production.13 D-lactate has been used for 
the diagnosis of gastrointestinal diseases. For instances, plasma 
D-lactate level markedly raised early in necrotizing enteroco
litis (NEC), and is correlated with extensive disease in NEC 
infants.14 Serum D-lactate is regarded as a valuable diagnostic 
marker for appendicitis.15 D-lactate is a useful diagnostic 
marker for intestinal ischemia induced by abdominal compart
ment syndrome.16 Serum D-lactate improves the diagnosis 
efficacy of intestinal ischemia in acute abdomen patients.17 

However, the diagnostic value of serum citrulline combined 
with serum D-lactate to identify GIF is still unknown.

In this study, we explored the association between the 
serum biomarkers (citrulline, D-lactate, and LPS) and 
GID/GIF in critically ill patients, and further evaluated 
the diagnostic efficacy of citrulline and D-lactate for 
GID/GIF. Our research may provide the potential serum 
biomarkers to aid in the diagnosis of GID or GIF.

Materials and Methods
Patients
A total of 506 patients who hospitalized in the ICU of our 
hospital (including the department of the surgical ICU, geria
tric ICU, and neurosurgical ICU) from March 2018 to 
March 2019 were retrospectively analyzed. Inclusion criteria: 
(i) Patients more than 18 years old; (ii) Patients who stayed in 
the ICU for more than 24 hours; (iii) Patients with acute 
gastrointestinal injury (AGI) grade II–IV. Exclusion criteria: 
(i) Patients who stayed in the ICU for less than 24 hours; (ii) 
Patients with acute kidney injury and chronic kidney disease 
(citrulline is metabolized by the renal, and renal dysfunction 
can affect citrulline level); (iii) Patients with chronic gastro
intestinal disease or previous history of intestinal resection; 

(iv) Patients without AGI (AGI = 0) and patients with AGI 
grade I. A total of 110 patients were screened out and included 
in this study. The AGI grade was assessed daily according to 
recommendation of the AGI classification proposed by 
European Society of Intensive Care Medicine (ESICM, 
2012)18 (AGI grade I, risk of GID or GIF; AGI grade II, 
GID; AGI grade III, GIF; AGI grade IV, GIF with severe 
impact on distant organ function) during the first week of the 
subject’s ICU stay. The determination of AGI grade was based 
on the mean value of AGI grade. According to the AGI grade, 
110 patients were divided into GID group (AGI grade II, n = 
67) and GIF group (AGI grade III–IV, n = 43). Acute 
Physiology and Chronic Health Evaluation (APACHE) II 
score19 and Sepsis-related Organ Failure Assessment 
(SOFA) score20 were used to evaluate the disease severity of 
patients. During the same period, 41 healthy adults who under
went physical examination in the outpatient department of our 
hospital were selected as healthy control (HC). This study was 
approved by the Medical Ethics Committee of our Hospital, 
and written informed consent was obtained from all close 
relatives of patients. This study was conducted in accordance 
with the Declaration of Helsinki.

Preparation and Storage of Serum
Peripheral blood samples of patients were collected within 
24 hours of admission to the ICU (Prior-treatment) and 
after the conventional medication therapy for 7 consecu
tive days (Post-treatment). Peripheral blood samples of HC 
were collected during the normal physical examination. 
Peripheral blood samples of both patients and HC were 
centrifuged at 3000 rpm at 4°C for 10 min. The serum was 
collected and frozen at −20°C for subsequent experiments. 
Notably, serum samples were frozen for no more than one 
month before testing.

Laboratory Measurements
Protein precipitation of serum samples was performed in 96 
well Strata Impact 2 mL filtration plates. To each well was 
added 490 μL acetonitrile: water: formic acid (85: 14.8: 0.2 
v/v) containing internal standard. This was followed by the 
addition of 10 mL of serum. After mixing gently, the plate 
was covered, allowed to stand for 5 min, and the filtrate was 
collected under vacuum. The 96-well collection plate was 
loaded into the Acquity sample manager and the sample 
was injected onto the analytical column. Then, the serum 
level of citrulline was detected by the method of high- 
performance liquid chromatography-tandem mass spectro
metry (HPLC-MS/MS) on an Agilent 1200 HPLC system 

https://doi.org/10.2147/IJGM.S305209                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2021:14 4126

Teng et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


(Agilent, Santa Clara, CA, USA). Solvent A and 
B consisted of 10 mM ammonium formate with 0.1% for
mic acid in water and acetonitrile with 0.1% formic acid, 
respectively. The gradient program was 0.0–0.5 min, 70% 
B; 0.5–1.0 min, gradient to 10% B; 1.0–3.5 min, 10% B; 
3.5–4.0 min, gradient to 70% B; and 4.0–6.0 min, 70% 
B. The flow rate was to 0.6 mL/min during all separation 
steps and injection volume was 10 μL. Detection was con
ducted in the positive-ion mode and the electrospray ioniza
tion source parameters were as follows: spray voltage, 
3000; capillary temperature, 325; sheath gas pressure, 60; 
ion sweep gas pressure, 0.2; capillary offset, 10; and tube 
lens offset, 50–75. In addition, the serum level of D-lactate 
was measured by human D-lactate ELISA kit (SBJ-H1970; 
Nanjing SenBeiJia Biological Technology Co., Ltd; 
Nanjing; http://www.sbjbio.com/Products/D4865.html). 
The serum level of lipopolysaccharide (LPS) was detected 
by human LPS ELISA kit (ml061109; mlbio; Shanghai; 
https://www.mlbio.cn/article-20.html). The reference value 
is 8.49 to 59.43 μmol/L for serum citrulline, 1.17 to 3.45 pg/ 
mL for serum LPS, and 3.23 to 10.37 μmol/L for serum 
D-Lactate, respectively.

Statistical Analysis
Data were statistically analyzed using SPSS 23.0 (SPSS Inc., 
Chicago, IL, USA). Continuous data were presented as 
means ± standard deviations (SD) and evaluated by 
a Student’s t-test when the data were normally distributed. 
Enumeration data were presented as numbers (N) and 

assessed using a χ2 test. The measurement of serum biomar
ker levels was performed in triplicates, and was repeated 
three times. Correlation significance was evaluated by 
Pearson correlation analysis. Correlation analysis of serum 
biomarkers and GID/GIF was performed using a logistic 
regression model. The receiver operating characteristic 
(ROC) curve was plotted to assess the validity of the poten
tial biomarkers to diagnose GID/GIF. For the analysis of 
combined variable, logistic regression analysis (whether the 
patients were GID/GIF or not GID/GIF served as the depen
dent variable; citrulline and D-lactate served as the covari
ate) was conducted to determine the prediction probability 
value. The ROC curve was plotted by using the prediction 
probability value. The 95% confidence intervals (CI) and 
area under the ROC curve (AUC) were defined. According 
to the data of the 95% CI and AUC, the cut-off value, 
sensitivity, and specificity were obtained. A P value < 0.05 
was considered statistically significant.

Results
Comparison of Clinical Data Between 
Health Control and Patients
As exhibited in Tables 1, 67 patients were in GID group (AGI 
grade I–II), including 33 males and 34 females, with an 
average age of (51.36 ± 17.50) years; There were 43 patients 
in GIF group (AGI grade III–IV), including 25 males and 18 
females, with an average age of (49.07 ± 23.66) years. The 
HC group included 18 males and 23 females, with an average 
age of (48.56 ± 16.31) years old. There was no significant 

Table 1 Baseline Characteristics of Patients and Healthy Control (HC)

Characteristic HC N = 41 Gastrointestinal Dysfunction (GID)  
N = 67

Gastrointestinal Failure (GIF)  
N = 43

P value

Age (y) 48.56±16.31 51.36±17.50 49.07±23.66

<50 22 36 27 0.3159
≥50 19 31 16

Gender (cases)
Male 18 33 25 0.2304

Female 23 34 18

APACHE-II score - 12.34±2.26 18.77±3.60 <0.001#

SOFA score - 3.92±1.49 7.86±1.85 <0.001#

LPS (pg/mL) 2.35±0.72 5.27±0.99 8.91±2.97 <0.001*#

D-Lactate (μmol/L) 8.17±2.14 16.29±5.33 22.26±9.1 <0.001*#

Citrulline (μmol/L) 15.66±2.81 13.13±1.96 10.04±2.36 <0.001*#

Notes: *P < 0.001 vs HC, #P < 0.001 vs GID. 
Abbreviation: LPS, lipopolysaccharide.
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difference in age and gender between HC and GID group, 
between HC and GIF group, or between GID and GIF group 
(all P > 0.05). A significant increase was found in the 
APACHE-II and SOFA score in the GIF group compared 
with those in the GID group (P < 0.001). Compared with the 
HC group, the serum levels of D-lactate and LPS were 
significantly increased, while the serum level of citrulline 
was significantly decreased in the GID and GIF group (P < 
0.001). Compared with the GID group, the serum levels of 
D-lactate and LPS were markedly elevated, while serum 
level of citrulline was markedly reduced in GIF group 
(P < 0.001).

Correlation Analysis Between the Serum 
Levels of Citrulline, D-Lactate, and LPS 
and the APACHE-II and SOFA Score
APACHE-II and SOFA score were used to evaluate the 
disease severity of critically ill patients. As shown in 
Figure 1A and B, the serum level of citrulline was negatively 
correlated with APACHE-II score (r = −0.4476, P < 0.001) 
and SOFA score (r = −0.4194, P < 0.001) in critically ill 
patients. Additionally, there was a positive correlation 
between the serum level of D-lactate and APACHE-II score 
(r = 0.4853, P < 0.001) or SOFA score (r = 0.510, P < 0.001) 
in critically ill patients (Figure 1C and D). Moreover, 
a positive correlation between the serum level of LPS and 
APACHE-II score (r = 0.7612, P < 0.001) or SOFA score (r = 
0.6132, P < 0.001) was observed in critically ill patients 
(Figure 1E and F).

Citrulline Serum Level Was Elevated 
While D-Lactate and LPS Serum Levels 
Were Reduced in Critically Ill Patients 
After Treatment
Paired analysis was performed on serum samples of criti
cally ill patients within 24 h of ICU admission (Prior- 
treatment) and after the conventional medication therapy 
for 7 consecutive days (Post-treatment). After treatment, 
52 out of 67 patients in the GID group and 33 out of 43 
patients in the GIF group displayed an increase in citrul
line serum level (all P < 0.001, Figure 2A). As shown in 
Figure 2B and C, the serum level of D-lactate was 
decreased in 48 of the 67 GID patients, and LPS was 
decreased in 43 of the 67 GID patients after treatment 
(all P < 0.05). The serum level of D-lactate was declined 

in 34 of the 43 GIF patients, and LPS was declined in 27 
of the 43 GIF patients after treatment (all P < 0.05).

Logistic Regression Analysis of Related 
Serum Biomarkers for GID/GIF
Logistic regression analysis was conducted to evaluate the 
associations between serum biomarkers and GID/GIF. As 
shown in Table 2, there was a significant correlation between 
GID and the serum citrulline and D-lactate (P < 0.001), but 
there was no correlation between GID and serum LPS (P > 
0.05). As displayed in Table 3, the GIF was correlated with 
the serum citrulline and D-lactate (P < 0.01), while had no 
correlation to the serum LPS (P > 0.05).

Diagnostic Value of Serum Citrulline and 
D-Lactate in GID and GIF
ROC curve analysis was used for assessing the diagnostic 
values of citrulline and D-lactate (Figure 3A–F and Table 4). 
Serum citrulline cannot distinguish GID from HC (AUC = 
0.7472, sensitivity = 67.16%, specificity = 70.73%) or GIF 
from GID (AUC = 0.8112, sensitivity = 67.44%, specificity = 
80.06%). Serum citrulline can distinguish GIF from HC to 
some extent (AUC = 0.9314, sensitivity = 74.42%, specificity 
= 87.08%). In addition, serum D-lactate can distinguish GID 
from HC (AUC = 0.9337, sensitivity = 83.58%, specificity = 
87.80%) or GIF from HC (AUC = 0.9512, sensitivity = 
86.05%, specificity = 87.80%) to some extent. Serum 
D-lactate cannot distinguish GIF from GID (AUC = 0.8770, 
sensitivity = 72.09%, specificity = 88.06%).

Diagnostic Value of the Combination of 
Citrulline and D-Lactate in the Diagnosis 
of GID and GIF
To further improve the diagnostic value, the combination of 
serum citrulline and D-lactate was analyzed by ROC curve 
(Figure 4A–C and Table 5). The combination of serum citrul
line and D-lactate can distinguish GID from HC 
(AUC = 0.9698, sensitivity = 91.04%, specificity = 97.56%), 
GIF from GID (AUC = 0.9210, sensitivity = 81.40%, specifi
city = 89.71%), and GIF from HC (AUC = 0.9943, sensitivity 
= 95.35%, specificity = 97.56%).

Discussion
Evaluation of GIF is still limited today to clinical and 
radiological assessment, the promising serum biomarkers 
needs to be investigated.3 It has been documented that 
several serum biomarkers such as citrulline,9 D-lactate,16 
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and LPS21 act as diagnostic markers for different gastro
intestinal diseases. Here, patients with GID or GIF had 
significantly lower serum level of citrulline, while higher 

levels of D-lactate and LPS than HC. Compared with GID 
patients, the serum level of citrulline was markedly 
reduced, while D-lactate and LPS were markedly elevated 

Figure 1 Correlation analysis between the serum levels of citrulline, D-lactate, and lipopolysaccharide (LPS) and the APACHE-II and SOFA scores. (A) Citrulline was 
negatively correlated with APACHE-II score; (B) citrulline was negatively correlated with SOFA score; (C) D-lactate was positively correlated with APACHE-II score; (D) 
D-lactate was positively correlated with SOFA score; (E) LPS was positively correlated with APACHE-II score; (F) LPS was positively correlated with SOFA score.
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Figure 2 Citrulline serum level was elevated while D-lactate and lipopolysaccharide (LPS) serum levels were reduced in critically ill patients after treatment. (A) There were 
52 out of 67 patients in the gastrointestinal dysfunction (GID) group and 33 out of 43 patients in the gastrointestinal failure (GIF) group displayed an increase in citrulline 
serum level after treatment. ***P < 0.001 vs Prior-treatment; (B) there were 48 out of 67 patients in the GID group and 34 out of 43 patients in the GIF group exhibited 
a decrease in D-lactate serum level after treatment. *P < 0.05 vs Prior-treatment; (C) there were 43 out of 67 patients in the GID group and 27 out of 43 patients in the GIF 
group showed an increase in LPS serum level after treatment. *P < 0.05 vs Prior-treatment.
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in GIF patients, suggesting that serum citrulline, D-lactate, 
and LPS may be related to GID or GIF. Additionally, 
a significant increase was found in the APACHE-II and 
SOFA score in GIF patients compared with GID patients. 
Clinically, APACHE-II and SOFA score are often used to 
distinguish between different AGI grades in critically ill 
patients.22 The critically ill patients with secondary AGI 
have a higher APACHE-II score.23 Increased SOFA score 
is associated with the development of AGI II in critically 
ill patients.24 We assume that the APACHE-II and SOFA 
score may reflect the disease severity of GID or GIF. To 
further explore the relevance between these biomarkers 
and the disease severity, we assessed the correlation 
between these biomarkers and the APACHE-II and 

SOFA score in GID or GIF patients. In this study, 
Pearson’s correlation analysis displayed that citrulline 
serum level was negatively correlated with APACHE-II 
and SOFA score, while D-lactate and LPS serum levels 
were positively correlated with APACHE-II and SOFA 
score in critically ill patients. Taken together, our data 
suggested that the serum levels of citrulline, D-lactate, 
and LPS may be correlated with the severity of GID in 
critically ill patients.

Citrulline plasma level serves as a marker for entero
cyte metabolic mass, the level often decreases during 
intestinal dysfunction.25 In the present study, approxi
mately 77.61% of GID patients and 76.74% of GIF 
patients displayed an increase in citrulline serum level 
following treatment. Accumulation of D-lactate is induced 
by dysfunction of metabolic systems and abnormal over
growth of D-lactate-producing bacteria in the intestine.26 

In this study, the D-lactate serum level was decreased in 
about 71.64% of GID patients and 79.07% of GIF patients 
after treatment. LPS is a prototypic microbe-derived 
inflammatory signal, the intestinal bacteria is regarded as 
the major source of LPS.27 Here, approximately 64.18% of 
GID patients and 79.41% of GIF patients exhibited 
a decrease in LPS serum level after treatment. Taken 
together, our results indicated that monitoring changes in 
these biomarkers following treatment may reflect the AGI 
grade to some extent in critically ill patients.

Previous studies have determined that citrulline levels 
are correlated with disease severity in enteropathies.28,29 

Table 2 Logistic Regression Analysis Was Performed to Analyze 
the Association Between the Serum Biomarkers (Citrulline, 
D-Lactate, and LPS) and Gastrointestinal Dysfunction (GID)

Projects B Sig. Exp (B) 95% CI for Exp (B)

Citrulline (μmol/L) −0.399 0.000 0.671 0.558–0.807

D-Lactate (μmol/L) 0.751 0.000 2.120 1.541–2.916

Table 3 Logistic Regression Analysis Was Performed to Analyze 
the Association Between the Serum Biomarkers (Citrulline, 
D-Lactate, and LPS) and Gastrointestinal Failure (GIF)

Projects B Sig. Exp (B) 95% CI for Exp (B)

Citrulline (μmol/L) −0.963 0.000 0.382 0.242–0.604

D-Lactate (μmol/L) 0.821 0.001 2.272 1.413–3.653

Figure 3 Diagnostic value of serum citrulline or D-lactate in gastrointestinal failure (GID) and gastrointestinal failure (GIF). (A–C) ROC curve analysis was used to assess 
the value of serum citrulline to distinguish GID from healthy control (HC), GIF from GID, or GIF from HC; (D–F) ROC curve analysis was used for evaluating the value of 
serum D-lactate to distinguish GID from HC, GIF from GID, or GIF from HC.
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Notably, citrulline acts as a biomarker for GID in the 
critically ill.30 In this study, we found that the serum 
citrulline was associated with the GID or GIF in critically 
ill patients, suggesting that serum citrulline may serve as 
an important biomarker for GID or GIF in auxiliary diag
nosis. It has been documented that the level of D-lactate 
often increases in gastrointestinal disorders such as intest
inal barrier dysfunction31 and necrotizing enterocolitis.14 

Importantly, elevated D-lactate level increases the odds of 
AGI grade II in critically ill patients.22 Here, the serum 
citrulline was related to the GID or GIF in critically ill 
patients, indicating that serum D-lactate may be associated 
with the diagnosis of GID or GIF. To further assess the 
valid of serum citrulline and D-lactate in the diagnosis of 
GID or GIF, ROC analysis was performed. Our results 
revealed that single biomarkers (citrulline or D-lactate) 
were not effective in the diagnosis of GID or GIF.

Existing document has demonstrated that the diagnos
tic value of the combination biomarkers was higher than 
any single biomarkers in the detection of intestinal barrier 
dysfunction.31 To further improve the diagnostic efficacy, 
the combination of serum citrulline and D-lactate was 
analyzed by ROC curve. Previous studies have displayed 
that the serum levels of citrulline is reduced while 
D-lactate is raised in different gastrointestinal 
diseases.32,33 Notably, the combination of serum citrulline, 

D-lactate, and I-FABP can more effectively diagnose 
intestinal barrier dysfunction than any single biomarker 
in patients after major abdominal surgery.31 Here, our 
results revealed that the AUC, sensitivity, and specificity 
of the combination of serum citrulline and D-lactate were 
high, which can distinguish GID from HC, GIF from GID, 
and GIF from HC. To sum up, the combination of serum 
citrulline and D-lactate may improve the diagnostic effi
cacy of a single biomarker in GIF.

Limitations
There were several limitations to our study. First, the sample 
size was relatively small, and it’s difficult to exclude the effects 
of confounding factors because of the diverse baseline char
acteristics of patients. Second, the set of biomarkers may be 
expensive and labour-intensive in clinical practice and more 
simplified diagnostic strategies still need to be studied in the 
future. Third, there were fewer time points to assess the dis
ease severity (APACHE II and SOFA score) and the serum 
levels of biomarkers. Fourth, more indicators should be 
included for the assessment of GID/GIF rather than only 
adopting the subjective assessment of GID/GIF.

Conclusions
In summary, we found that the serum citrulline and 
D-lactate were associated with the severity of GID in 

Table 4 Diagnostic Accuracies of Serum Biomarkers of Gastrointestinal Dysfunction (GID) and Gastrointestinal Failure (GIF)

Groups Cutoff Sensitivity (%) Specificity (%) AUC 95% CI P value

HC-GID 13.80 67.16 70.73 0.7472 0.6506–0.8438 <0.0001
Citrulline GID-GIF 11.38 67.44 80.60 0.8112 0.693–0.9319 <0.0001

HC-GIF 12.27 74.42 87.08 0.9314 0.8828–0.9800 <0.0001

HC-GID 10.54 83.58 87.8 0.9337 0.8344–0.9753 <0.0001

D-Lactate GID-GIF 23.25 72.09 88.06 0.8770 0.8071–0.9468 <0.0001
HC-GIF 10.56 86.05 87.80 0.9512 0.9064–0.9961 <0.0001

Abbreviations: HC, healthy control; AUC, area under the ROC curve.

Figure 4 Diagnostic value of serum citrulline combined with serum D-lactate in the diagnosis of gastrointestinal failure (GID) and gastrointestinal failure (GIF). (A–C) ROC 
curve analysis was used to assess the combination of serum citrulline and serum D-lactate to distinguish GID from healthy control (HC), GIF from GID, or GIF from HC.
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critically ill patients. Besides, there was an association 
between measured biomarkers (serum citrulline and 
D-lactate) and subjective clinical assessment of GID/GIF. 
The combination of citrulline and D-lactate may aid in the 
diagnosis of GID or GIF to some extent in critically ill 
patients.
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