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Abstract Septic shock is the most severe form of sepsis,
which is still one of the leading causes of death in the intensive
care unit (ICU). Even though early prognosis and diagnosis
are known to be indispensable for reaching an optimistic out-
come, pathogenic complexities and the lack of specific treat-
ment make it difficult to predict the outcome individually. In
the present study, serum samples from surviving and non-
surviving septic shock patients were drawn before clinical
intervention at admission. Metabolic profiles of all the sam-
ples were analyzed by liquid chromatography-mass spectrom-
etry (LC-MS)-based metabolomics. One thousand four hun-
dred nineteen peaks in positive mode and 1878 peaks in neg-
ative mode were retained with their relative standard deviation
(RSD) below 30 %, in which 187 metabolites were initially
identified by retention time and database in the light of the
exact molecular mass. Differences between samples from the
survivors and the non-survivors were investigated using mul-
tivariate and univariate analysis. Finally, 43 significantly var-
ied metabolites were found in the comparison between survi-
vors and non-survivors. Concretely, metabolites in the

tricarboxylic acid (TCA) cycle, amino acids, and several en-
ergy metabolism-related metabolites were up-regulated in the
non-survivors, whereas those in the urea cycle and fatty acids
were generally down-regulated. Metabolites such as lysine,
alanine, and methionine did not present significant changes
in the comparison. Six metabolites were further defined as
primary discriminators differentiating the survivors from the
non-survivors at the early stage of septic shock. Our findings
reveal that LC-MS-based metabolomics is a useful tool for
studying septic shock.
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Introduction

Septic shock is the most severe form of sepsis leading to a
high mortality rate [1, 2]. In recent years, although progress
has been made with prompt initiation of therapy to treat un-
derlying infection and support failing organs [3–5], mortality
of septic shock remains high up to 30–60 % [6, 7], due to the
pathogenic complexity and the lack of standard of specific
treatment [8, 9]. It is known that early goal-directed therapy
is highly significant to improve the outcome [10, 11].
However, as various kinds of bacteria can cause septic shock
[12], it appears difficult to propose specific treatment with
only a clinical examination [13] since it usually induces
false-positive and false-negative results. Thus, an available
prognostic method guiding specific treatment is still needed.

Past clinical studies have shown some biomarkers such as
C-reactive protein (CRP); interleukin (IL) especially IL-6, IL-
10, IL-8; and procalcitonin (PCT) distinguish septic patients
from health controls [14, 15]. In the light of the proteomic
approach, other proteins have also been proposed [5, 16].
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Being able to show variations in the whole metabolic profile,
metabolomics has been proved potent to be used in the clinical
field in recent years [17]. Concerning sepsis research, studies
in rodent animals and in human patients have revealed that
some metabolites might be specific for the prediction and
prognosis of sepsis or septic shock [18]. Using non-targeted
method, Garcia et al. showed that a predictive model with up-
regulated alanine, creatine, phosphoethanolamine, and
acetoacetate distinguished septic rats from those in the control
group [19]. Xu el al. revealed that several fatty acids might be
correlative to the prediction of sepsis [20]. Fanos et al. sepa-
rated early onset from late onset in neonatal sepsis [21].
Targeted profiling approach was also applied by Mickiewicz
et al. who was able to predict the death in septic shock by their
model within 31 metabolites identified [13]. Yet, to our
knowledge, the prediction of the mortality of septic shock
was rarely reported, and there has been no published study
on mortality of septic shock employing the LC-MS approach.
In our present work, in order to analyze the metabolic profiles
of septic shock patients at admission, the LC-MS-based non-
targeted metabolomics was applied to discover a possible re-
lationship between the metabolic changes and the outcome.

Experimental section

Patients and sample collection

All human serum samples were collected before clinical inter-
vention at the Jean Verdier Hospital, Bondy (F93140). The
written informed consent was obtained from all subjects or
their surrogate decision maker. Patients according with specif-
ic published criteria for septic shock at admission to the inten-
sive care unit (ICU) were enrolled in this study [22]. The
samplings were fulfilled from January 2009 to December
2011. In order to homogenize the samples and limit the impact
from other complications, the screening standard included the
following factors: (1) younger than 30 years old, (2)
hematonosis, (3) cancer and other metabolic-related diseases,
and (4) cirrhosis or chronic kidney disease. Included non-
survivors died within 7 days after admission to the ICU, and
other patients were still alive. The samples were stored by the
CRB (liver disease biobank) Groupe Hospitalier Paris Seine-
Saint-Denis BB-0033-00027.

Chemicals

HPLC-grade methanol was purchased from Merck
(Darmstadt, Germany). Formic acid was obtained from
Sigma-Aldrich (St. Louis, MO, USA). Ultrapure water was
prepared by the Milli-Q system (Merck, Darmstadt,
Germany).

Sample preparation

All the serum samples were stored at −80 °C until the begin-
ning of sample preparation. After thawing, the samples on the
ice, 100 μL from each sample, were primarily integrated to
form the pooled serum. The pooled serumwas then subpacked
into equal aliquots being quality control (QC) samples.
Another 100 μL serum was drawn from each real sample
and QC sample; it was then extracted by 400 μL methanol
solution (Methanol: H2O 4:1) on the ice. After vortexing for
1 min, the mixture was centrifuged at 16,000×g at 4 °C during
15 min. An equal volume of supernatant in each was then
preserved. The supernatant of sera from non-survivors or sur-
vivors was randomized and transferred to an auto-sampler
vial. Several QC samples were localized before the real sam-
ples to balance the equipment while other QC samples were
inserted after each ten real samples in the sequence of analysis
to affirm the stability of instrument and to obtain complemen-
tary product ion information.

UPLC-MS

An ultra performance liquid chromatography (UPLC) system
(Waters, Milford, USA) was used to separate the metabolites
in the serum. Five microliter aliquots were injected into a
reversed-phase UPLC ACQUITY T3 column (Waters,
2.1 mm × 50 mm × 1.8 μm) maintained at 60 °C. Phase A
corresponds to water with 0.1 % formic acid (FA); phase B
corresponds to acetonitrile with 0.1 % FA. The gradient elu-
tion was as follows at a flow rate of 0.35 mL/min: 2 % B
maintained for 1 min then linearly increased to 100 % B from
1 to 15 min, maintained 100 % B for 4 min, followed by
equilibration at 2 % B for 2.9 min.

A LTQ-Orbitrap-XL (Thermo Fisher Scientific, Waltham,
USA) is tandem to the UPLC system using an electrospray
ionization (ESI) ion source. Samples were respectively tested
in the positive and negative modes by a full scan from 50 to
1000 m/z at the mass resolving power of 30,000 at 400 m/z.
The collision energy was at 35 eV. The I-spray voltage and
capillary voltage were set to 4.5 and 49 kV for the positive
mode and 4 and 37 kV for the negative mode.

Regarding the sequence of analysis, all the real samples
were randomized. Blank samples containing barely the sol-
vent were added after every 20 samples, aiming to elute resid-
uals or other impurities which were retained by the chroma-
tography column in the previous spectra records.

Data processing

After the recording of spectra by Xcalibur™ software
(Thermo Fisher Scientific), the alignment and the peak detec-
tion were obtained by the SIEVE software version 2.2
(Thermo Fisher Scientific). Concretely, for peak framing, the
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retention time width of the alignment was set to 0.2 min with
the mass width of 50 ppm. Ion peaks were filtered with an
intensity threshold of 30,000 for both positive and negative
modes. Normalization and auto-scaling of the ion peaks were
then performed. The data set containing all the peak area,
which corresponds to the concentration of certain metabolite,
was exported to the SIMCA-P software (version 11, Umetrics,
Umeå, Sweden) for the principal component analysis (PCA)
and partial least square discrimination analysis (PLS-DA). In
order to define significant variables between the survivors and
the non-survivors, a student’s t test of all the screened peaks
was carried out using SPSS statistics (version 19, IBM,
Chicago, USA). The assignment of the significant ion peaks
was proceeded by searching the METLIN database
(https://metlin.scripps.edu) and the HMDB database
(http://www.hmdb.ca). Metabolites, which were statistically
significant for the separation between the two groups of
patients, were selected. A hierarchical cluster analysis
(HCA) was generated with these metabolites by the
MultiExperiment Viewer (Mev, version 4.9.0, Dana-Farber
Cancer Institute, MA, USA). Prime discriminating metabo-
lites were selected by plotting the data set of all the discrimi-
nators in a volcano plot, and the boxcharts of thesemetabolites
were drawn using the Origin software (version 9.2, OriginLab,
Northampton, USA). Primary discriminators predicting early
mortality of septic shock were afterward submitted to the
SPSS software to calculate the area under the receiver operat-
ing characteristic (ROC) curve, which reflects the discrimina-
tory power of the defined metabolites.

Results and discussion

Subjects

The study included a total of 50 patients who were screened
from 92 patients with septic shock. Of these patients, 29 were
dead within 7 days after admission to the ICU; other 21 pa-
tients were cured after therapies. Further clinical information
of the patients at admission to the ICU was presented in
Table 1. According to the data, there was only one significant
difference (p < 0.05) in the concentration of lactate among the
metabolites in measured sera between the two groups of pa-
tients. In addition, the two score systems, that is, the simplified
acute physiological score II (SAPS II) and the sequential or-
gan failure assessment score (SOFA) [23, 24], were found
higher in the dead patients than those in the alive patients;
these differences were statistically significant (P < 0.05).
Other assessed components such as AST, ALT, and GGT,
which are aminotransferases indicating the liver function,
were shown increased in the non-survivors, even the disparity
was not significant [25].

Assessment of QC samples and pre-attribution of peaks

Nine QC samples prepared as real ones were analyzed before
real samples to test the repeatability and stability of the exper-
iments. From the alignment of spectra, 3000 ion peaks within
their area were recognized by the alignment software. On the
basis of those normalized ion peaks, relative standard diver-
gence (RSD) of each ion peak in all QC samples was calcu-
lated. We noted that ion peaks with RSD <30 % occupied
82.1 % of total peak area in positive mode, and this was
76 % in negative mode, indicating that acquiring of spectra
was relatively reliable and the obtained data were eligible for
statistical analysis. As regard to real samples data, those ion
peaks with RSD higher than 30 % in QC samples were ex-
cluded before following analysis. In addition, peaks within
excess zero area (zero area peaks occupied more than 20 %
of integrated peak area) were also eliminated. Then, 1419 ion
peaks and 1878 peaks were retained in positive and negative
modes, respectively. All the 3297 peaks were integrated for all
the QC samples and real samples, and a PCAmodel for all the
samples was performed. Relative to other real samples, the
QC samples were observed to be together, showing a stability
of the experiment (see Electronic Supplementary Material
(ESM) Fig. S1). The identification of the remained ion peaks
was performed by searching the acquired exact molecular
mass data (m/z) in the database (METLIN and HMDB) and
in our previous work [26]. One hundred four metabolites in
positive mode and 83 metabolites in negative mode were
therefore identified (ESM Table S1).

Table 1 Clinical and biological characteristics of the studied
population

Non survivals Survivals P value

Percentage of men/total 50.0 % 57.1 %

Amount of patients 29 21

Age (year) 65.6 ± 0.5 63.8 ± 0.7 0.34

SAPS2 68 ± 0.5 54 ± 0.4 2.20E-03

SOFA 11.3 ± 0.9 10.0 ± 0.8 0.03

PCO2 (mmHg) 35.9 ± 0.4 37.5 ± 0.3 0.36

Total bilirubin (μmol/L) 58.1 ± 0.1 43.7 ± 2.5 0.27

Platelet (g/L) 151.2 ± 3.5 143.8 ± 3.0 0.39

Fibrinogen (g/L) 3.6 ± 0.1 4.4 ± 0.1 0.31

AST (IU/L) 457.8 ± 39.7 185.5 ± 12.1 0.12

ALT (IU/L) 176.0 ± 15.8 87.9 ± 6.7 0.17

GGT (IU/L) 82.2 ± 4.8 75.1 ± 4.1 0.09

Lactate (mmol/L) 5.9 ± 0.9 4.5 ± 0.8 0.01

Urea (mmol/L) 17.8 ± 4.7 18.2 ± 3.6 0.48

All biological and clinical parameters were recorded at inclusion

SAPS2 Simplified Acute Physiological Score 2, SOFA Sequential Organ
Failure Assessment score, TB total bilirubin, AST aspartate aminotrans-
ferase, ALT alanine transaminase, GGT γ-glutamyl transpeptidase

LC-MS-based metabolomics for differentiating septic survivors from non-survivors 7643

https://metlin.scripps.edu/
http://www.hmdb.ca/


Identification of varied metabolites

Two data sets were respectively established by the 1419 peaks
in positive mode and the 1878 peaks in negative mode. The
normalized ion peak areas were centered, and then submitted
to the SIMCA-P software. In the PCA model, an apparent
separation between the non-survivors and the alive patients
has been displayed in positive mode (Fig. 1a). Although, in
negative mode the discrimination between the two groups was
shown less distinct than that in positive mode, a visible dis-
persal was still observed (Fig. 1b). In the PLS-DA model, the
separation between the survivors and non-survivors was clear-
ly presented with a Q2 = 0.43 (Fig. 1c). We validated this
model with a permutation of 200 times; it showed that this
model was reliable without overfitting (ESM Fig. S2).

Interestingly, we also noted a dispersion of sample from the
non-survivors while the opposite was found in the alive group.
This result implied that the differences existed not only be-
tween the survivals and the non-survivals but also longitudi-
nally among the non-survivors. As it is known that the septic
shock is possibly caused by various kinds of pathogenic bac-
teria and even leads to different organ dysfunctions [12], this
finding might provide evidence that the complications aggra-
vate the case and metabolic profiles of non-survivors may
differ by leading to different complications.

In order to find out the metabolites whose concentrations
were altered in non-survivors, compared to those in survivors,
we defined all the ion peaks, with their variance importance
(VIP) in the PLS-DA model, which is superior to 1. A student
t test was also performed between the two groups of patients.
Peak areas owing P value that were superior to 0.05 were
excluded.

Further confirmation of our peak assignments was
proceeded by the retention time (tR) of peak and by compar-
ing the identified peak to MS/MS database. Three metabolites
(tyrosine, phenylalanine, and glutamine) were defined as im-
portant discriminators by both positive and negative modes.
We kept the result which presented a higher fold change.
Finally, 22 significantly varied metabolites in positive mode

and 21 in negative mode were obtained. The P value and the
fold changes were calculated (ESM Table S2). A heat map
was subsequently applied revealing the change direction of
the discriminators (shown in Fig. 2). Significant variations
between survivors and non-survivors have been found in me-
tabolites included in the TCA cycle and in the urea cycle.
Concretely, levels of TCA cycle metabolites such as alpha-
KG, succinate, citrate, and malate have been determined ele-
vated and various kinds of amino acids increased in non-
survivor group; the declines of concentrations of long-chain
(e.g., C18 and C16) and short-chain fatty acids in non-
survivors were also found, accompanied by the changes in
carnitines; other discriminating metabolites between the two
groups of patients including bile acids, hypoxanthine,
indoxysulfate, lysophosphatidylcholine (LPC), and
lysophosphatidylethanolamine (LPE) were observed.
Besides, certain amino acids such as alanine, methionine,
and lysine were found not significant in the comparison be-
tween the two groups of patients. The same effect was also
true for xanthine, some organic acids (such as benzoic acid,
threonic acid, and quinic acid), and some dipeptides (such as
glu-leu, ile-pro, phe-phe, etc.).

Interpretation of the discriminators

A typical criterion for the diagnosis of septic shock is the
symptom of ischemia and reperfusion, triggered by the
endotoxin-induced shock, which leads to hypoxia [27, 28].
In this context, energy supply in septic patients is impaired
by a decrease of ATP production [28]. Serum lactate is a direct
indicator of hypoxia and anaerobic glycolysis; it was also
reported to be specific in the contrast between septic patients
and healthy controls. As to our results, an increment of lactate
in non-surviving septic shock patients might implicate an in-
crease of hypoxia in tissue and organs.

On the other hand, the deteriorated condition of energy
supply in septic non-survivors was proved by the en-
hanced catabolism. Various amino acid concentrations in-
creased in the non-survivors, which is in accord with

Fig. 1 Score plot of the multivariate analysis presenting the separation
between non-survivors (red dots) and survivors (blue dots). a PCA score
plot for the positive mode. b PCA score plot for the negative mode. c

PLS-DA model showing the discrimination between the survivors (blue
dots) and the non-survivors (red dots) in negative mode
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Whelan et al. who summarized that the degradation of
protein and the anaplerotic reaction contributed to the
TCA cycle [29]. This effect might be also attributed to a
sharper breakdown of proteins in organs and in muscle
tissue in non-survivors [30]. Another point concerning
the scarce of energy supply was that a decline of various
fatty acids and a remarkable decrease of carnitine C 2:0
but increase in other carnitines were found in non-survi-
vors. This result was corresponding to the depletion of
lipids in the group of non-survivors since carnitine C
2:0 reacts initially with fatty acids during the beta-
oxidation producing other long carbon chain carnitines
[31]. Furthermore, we calculated the ratio of carnitine C
2:0 and carnitine which reflects the extent of the beta-
oxidation [32]. We also found a sharp decrease of this
ratio in the non-survivors, compared with that in the sur-
vivors (ESM Fig. S3). Thus, we demonstrated a faster
beta-oxidation in the non-survivors.

Interestingly, it was reviewed by Trivai et al. that mortality
was found lower in obese patients of sepsis [33]. The shift of
mortality influenced by the obesity may be explained by the
tolerance of sharp consumption of lipids.

The level of citrate, 2-ketoglutarate, succinate, and malate,
which are metabolites included in the TCA cycle, increased
generally in septic non-survivors. One reason could be both
the anaplerotic reaction of amino acids and the enhanced beta-
oxidation of fatty acids. Despite an increased level of these

TCA cycle involved metabolites in the non-survivors, they
were worse effectively applied to produce energy in injured
mitochondria in the severe hypoxic condition [18].

Notably, the greater the effects above were induced by
hypoxia, the more severe the organs such as liver and
kidney would be injured. This would be a possible origin
of aggravated organ dysfunctions in septic non-survivors.
First, the up-regulated concentration of lactate and acids
included in the TCA cycle might lead to a deviant acido-
sis in the blood [34]. Second, metabolites concerning the
beta-oxidation could aggravate the metabolic stress for
kidney and liver, while the damage on both organs also
might lead to further impairment of detoxification [35].
Finally, due to an impaired metabolic capacity of ammo-
nia clearance, the increment stress of transamination and
deamination from the anaplerotic reactions of amino acids
might aggravate the metabolic burden for the liver and
kidney. Notable decline of argininosuccinate, citrulline,
and orthinine in septic non-survivors, which are from
the urea cycle in our findings, demonstrated our hypoth-
esis because the urea cycle was bound up with the ammo-
nia metabolism. This fact was in accordance with
Steelman et al. who suggested that a down-regulated urea
cycle-related metabolism might be useful to predict the
outcome of sepsis [36].

Other statistically significant differences were identified in
the present study such as bile acids, creatine, creatinine,

Fig. 2 Heat map displaying the discriminating metabolites between the
septic survivors and non-survivors with their trend of variation. Columns
at the left side of the dotted line represent the samples from the non-
survivors, while those on the right side of the dotted line represent the

samples from the survivors. Level of the discriminating metabolites in all
the samples is shown in lines. Up-regulated metabolites are presented
with the yellow color while the down-regulated metabolites are shown
with the blue color
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indoxylactate, and indoxysulfate are also found to be signifi-
cant to discriminate non-survival patients from survival ones.
All these metabolites were up-regulated in dead patients.
These findings were reinforced in previous studies [37–39].
We previously demonstrated that the concentration of bile
acids in serum was widely found elevated in patients who
suffered from liver injury [40–42]. Seymour et al. have also
reported that increased bile acids from dead septic patients
were due to the modified membranous receptor of hepatocyte
and hepatocyte tight junctions [43].

Increased creatine and creatinine may be the proof of the
damage in the muscle tissue producing added amino acids in
the serum [44]. The finding of the up-regulated level of
indoxylactate and indoxysulfate may issue from the disruption
of intestinal environment [45].Moreover, Liu et al. figured out
that this effect indicated the damage of tissue in kidney [37]. A
decreased level of LPE and an increased level of LPC in the
non-survivors indicated a disorder of the metabolism of phos-
phatidylethanolamine N-methyltransferase (PEMT), which
regulates the conversion from phosphatidylethanolamine
(PE) to phosphatidylcholine (PC). This disorder might be as-
sociated with a more severe injury in hepatocytes [46]. To sum
up all, a concluded evolution from septic shock to death in the
non-survivors is shown in Fig. 3. In the non-survivors, a more
severe shock-induced hypoxia might lead to a greater scarce
of energy supply, triggering an up-regulated catabolism.
Despite of that, energy supply is still insufficient, proved by
the increased lactate in the non-survivors. However, organs
like the liver and kidney are prone to be injured with an aug-
mented metabolism stress issued from the up-regulated

catabolism. All the resulting metabolic changes aggravating
organ failure responds adversely to the case and should ac-
count for the death.

Determination of primary discriminators

To seek out primary discriminators differentiating the survi-
vors from the non-survivors, further screening based on larger
variation range among the discriminate metabolites was
proceeded, namely the metabolites showing both considerable
fold change and P value in the comparison between the sur-
vivals and the non-survivals were eligible for candidates. To
this end, we plotted all the determined metabolites into the
volcano plot (shown Fig. 4a). Citrulline, carnitine 2:0, valine,
leucine, isoleucine, and betanine were the most correlated to
the discrimination between the non-survivors and survivors.
Boxcharts for the six metabolites were shown in Fig. 4b.

To investigate the ability of predicting death in septic
shock, area under receiver operating characteristic curve
(AUROC) for the six pivotal metabolites was respectively
calculated (Fig. 4c). For the up-regulated metabolites in non-
survivors, the AUROC was equal to 1 for leucine and isoleu-
cine; meanwhile, it was 0.96 and 0.90 for valine and betaine,
respectively (Fig. 4c left panel). With regard to both the down-
regulated metabolites in non-survivors, citrulline, and carni-
tine C 2:0, their AUROC were 0.97 and 0.93, respectively
(Fig. 4c right panel). It showed that all the six defined impor-
tant discriminators were fairly specific and sensitive to predict
the septic death at the onset of septic shock.

Fig. 3 Supposed metabolic
evolution of the septic shock in
the non-survivors. : Measured
increment before treatments and
: measured decrement before
treatments in the non-surviving
patients
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Fig. 4 Determination of the six defined metabolites which are the most
responsible for the distinction between the septic surviving patients and
the non-surviving patients. a A volcano plot achieved by log2 (fold
change of the metabolite) (abscissa) and the - log10 (P value of the
metabolite) (ordinate). Marked metabolites are those which show an
important variation among all the changing metabolites. b A set of
boxcharts of the most varied metabolites between septic survivors and
non-survivors. Samples are presented by star symbols. Asterisks stands

for a P value inferior to 0.01 by the comparison between the two groups
of samples. c ROC curve for the six potential precursory metabolites
predicting the death in the septic patients. Left panel: ROC curve for the
four up-regulated metabolites in septic non-surviving patients.
AUROCleu = 1.00, AUROCiso = 1.00, AUROCval = 0.96;
AUROCbetaine = 0.90; right panel: ROC curve for two down-regulated
metabolites in septic non-surviving patients. AUROCCitrulline = 0.96,
AUROCCarnitine C 2:0 = 0.93
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Among the defined six metabolites, interestingly, leu-
cine, isoleucine, and valine, are all branched chain amino
acids (BCCAs), were universally up-regulated in the non-
survivors. BCCAs were recently found to be relevant ami-
no acids that indicated the breakdown of muscle proteins
[47].

Beyond the metabolites discussed above, the higher level
of betaine in non-surviving patients is also associated with
export of hepatic lipids and enhanced the fatty acid oxidation
[48]. Without doubt, all these findings were in support of our
presumption about the evolution of septic shock, shown in
Fig. 3.

Comparing with the results of traditional estimation
(Table 1), we suggest that the LC-MS metabolomic ap-
proach is more sensitive to detect metabolic alterations in
the early stage of septic shock. Accordingly, it may be
possible to classify the patients by the particular metabol-
ic alterations and thereby to execute personalized thera-
pies. Meanwhile, as being limited by the amount of sam-
ples, we should notice that all the findings should be
verified in another larger population of patients in the
future.

Conclusions

In the present study, we collected the serum samples from
septic shock patients at admission. We showed that differ-
ences in the serum of septic shock patients can be detect-
ed by analyzing their metabolic profiles with LC-MS-
based metabolomics approach. One the basis of the re-
sults, when it is compared to those in septic shock survi-
vors, various increases of amino acids and comprehensive
depletion of fatty acids indicate an enhanced catabolism in
septic shock non-survivors. The effects may be associated
with a more severe hypoxia-induced scarce of energy sup-
ply, which accounts for aggravated injury in organs such
as the liver and kidney, and therefore indicates a poor
prognosis. Typically, six metabolites crucially contribute
to the separation of the septic surviving patients and the
non-surviving patients. Their potential in the prediction of
death is demonstrated by their excellent performance in
the ROC curve. Detection of the level of these metabolites
and comparison to that in other survived patients at the
onset of septic shock may be beneficial to predict the
death for septic shock patients.

We have reason to believe that the LC-MS-based metabo-
lomics approach help to better classify the patients in the early
stage of septic shock, which may be an important evidence to
personalize the patients and thereby better formulate person-
alized therapeutic plan. Following study will be a verification
of the results in a larger population of septic patients.
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