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Background: Serum lactate, troponin, and N-terminal pro-B-type natriuretic peptide (NT-proBNP) have been proposed to
be useful prognostic indicators in patients with sepsis and septic shock. This study aimed to evaluate the pre-
dictive ability of these biomarkers and assess how their prognostic utility may be improved by using them in
combination.

Material/Methods: A retrospective review of the medical records of 1242 patients with sepsis and septic shock who were admit-
ted to the Richmond University Medical Center between June 1, 2018, and June 1, 2019, was carried out; 427
patients met the study criteria and were included in the study. The primary outcome measures included 30-day
mortality, APACHE Il scores, length of hospital stay, and admission to the Medical Intensive Care Unit (MICU).

Results: High levels of lactate (>4 mmol/L), troponin (>0.45 ng/mL), and NT-proBNP (>8000 pg/mL) were independent
predictors of 30-day mortality, with an adjusted odds ratio of mortality being 3.19 times, 2.13 times, and 2.5
times higher, respectively, compared with corresponding reference groups, at 95% confidence intervals. Elevated
levels of lactate, troponin, and NT-proBNP were associated with 9.12 points, 7.70 points, and 8.88 points in
higher APACHE I scores, respectively. Only elevated troponin levels were predictive of a longer length of hos-
pital stay. In contrast, elevated lactate and troponin were associated with an increased chance of admission to
the MICU.

Conclusions: Elevated levels of serum lactate, troponin, and NT-proBNP are independent predictors of mortality and higher
APACHE I scores in patients with sepsis and septic shock.
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Background

Sepsis is a syndrome involving the development of multiple
physiologic, pathologic, and biochemical anomalies and is de-
fined as “life-threatening organ dysfunction caused by a dys-
regulated host response to infection” [1]. Septic shock is con-
sidered to be a subset of sepsis in which the circulatory and
metabolic derangements are severe enough to result in a sig-
nificant increase in mortality [1]. Over the years, significant ad-
vancements have been made in understanding the complex
pathophysiology of sepsis; however, sepsis remains a major
cause of morbidity and mortality worldwide. It has been es-
timated that more than 30 million people develop sepsis an-
nually worldwide, resulting in around 6 million fatalities [2].

Early recognition and early administration of intravenous fluids
and antibiotics have been associated with an increased likeli-
hood of survival in patients with sepsis [3]. Biomarkers can be of
great importance in this regard, as a reliable, sensitive, and spe-
cific biomarker can be a valuable tool in the early identification
of sepsis. In addition, biomarkers can help monitor the progres-
sion of the disease and can help identify patients who are at an
increased risk of developing complications and, therefore, they
can act as important prognostic indicators in patients with sepsis.

Several serum biomarkers have been proposed as biomarkers
for sepsis; lactic acid, troponin, and N-terminal pro-B-type natri-
uretic peptide (NT-proBNP) are 3 such biomarkers. Elevated se-
rum lactate levels may be a manifestation of organ dysfunction,
which, in turn, may be associated with mortality in patients who
are septic [4]. Similarly, an increased level of troponins in the set-
ting of sepsis may serve as an indicator of underlying myocardi-
al dysfunction, which has been found to be a common compli-
cation of sepsis [5]. NT-proBNP levels have also been associated
with an increased severity of global tissue hypoxia and myocar-
dial dysfunction and mortality in patients with severe sepsis [6].
These 3 biomarkers, may therefore act as useful adjuncts in the
detection, stratification, and prognostication of high-risk patients.

Therefore, the aim of our study was to demonstrate the prog-
nostic role of these biomarkers by answering 2 main ques-
tions. First, are serum lactate, troponin, and NT-proBNP useful
prognostic biomarkers in patients with severe sepsis and sep-
tic shock? Second, can the measurements of these biomarkers
be combined to improve their prognostic utility?

Material and Methods

Study Population

We conducted a retrospective review of the medical records of
patients admitted to the Richmond University Medical Center
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with sepsis (ICD-10 code A41.9), severe sepsis without septic
shock (ICD-10 code R65.20), severe sepsis with septic shock
(ICD-10 code R65.21), and sepsis, unspecified organism (ICD-
10 code A41.9). Data were retrieved from patients who were
admitted between June 1, 2018, and June 1, 2019. The patients
were included in the study if they met the definition of sep-
sis, with or without the presence of septic shock, and if they
had serum lactate, troponin, and NT-proBNP levels measured
within the first 24 h of hospital admission. Sepsis was iden-
tified by an increase in the Sequential (sepsis-related) Organ
Failure Assessment (SOFA) score of 2 points or more, in re-
sponse to an infection. Septic shock was identified as having
persistent hypotension requiring the administration of vaso-
pressors to maintain the mean arterial pressure >65 mmHg
and having a serum lactate level >2 mmol/L (18 mg/dL), de-
spite adequate volume resuscitation [1]. We excluded patients
who failed to meet the diagnostic criteria for sepsis and sep-
tic shock or in whom any of the above-mentioned laboratory
biomarkers were not obtained in a timely manner.

This study was reviewed and approved by the Richmond
University Medical Center’s institutional review board (IRB).

Number of Patients

This was a retrospective review of patients admitted to the
Richmond University Medical Center. Patients were screened
using electronic medical records and included in the study if
they met the inclusion criteria. The records were retrospec-
tively reviewed by using ICD-10 codes. We matched the study
enrollment criteria for the duration of the study. The approxi-
mate number of patients was anticipated using R version 3.6.0.
(RStudio, Inc, Boston, MA, USA). Assuming a standard normal
distribution, with a margin of error to be 0.05 at a 95% con-
fidence interval (Cl), and assuming the probability that a pa-
tient would die (mortality rate) was 0.35, the required sam-
ple size was anticipated to be 350 patients.

Based on the inclusion and exclusion criteria, 427 patients
were included in the study.

This study was conducted in compliance with the ethical stan-
dards of the responsible institution on human subjects, and
IRB approval was collected.

Data Collection

The following data were collected from the electronic medical re-
cords: patient demographics; patient outcome measures, which
were defined as the initial levels of lactate, troponin, and NT-
proBNP that were collected during the first 24 h of hospital ad-
mission; length of stay in the hospital; admission to the Medical
Intensive Care Unit (MICU); mortality rate (if the patient died within
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30 days from the time of hospital admission); and the calculated
Acute Physiology and Chronic Health Evaluation (APACHE) Il score.

Statistical Analysis

Statistical analysis was done using R 3.6.0. For categorical data,
multivariate logistic regression was performed. Variables were
reported as adjusted odds ratios (aOR) with a 95% Cl. For con-
tinuous variables, multivariate linear regression was imple-
mented. For both regressions, a probability value of P<0.05
was considered statistically significant. Variables that retained
statistical significance were reported with 95% Cls.

Results

Characteristics of the Study Population

A total of 427 patients were included in the study, 243 men
and 184 women. The baseline characteristics of the patients
are shown in Table 1.

Patients were classified into 3 groups according to their lactate
levels (€2 mmol/L, 2 to 4 mmol/L, and >4 mmol/L). Patients
were classified into 2 groups according to their troponin lev-
els (0.045 ng/mL and >0.045 ng/mLl). Patients were classi-
fied into 3 groups according to their NT-proBNP levels (<4000
pg/mL, 4000 to 8000 pg/mL, and >8000 pg/mL).

It must be noted that multiple groups with different NT-
proBNP levels were established and evaluated to find signifi-
cant correlations with the outcomes of interest. We found that
NT-proBNP levels of <4000 pg/mL, 4000 to 8000 pg/mL, and
>8000 pg/mL were significantly correlated with the outcomes
and, thus, served the aim of our study.

Of the 427 patients, 171 (40%) had a normal serum lactate
level of <2 mmol/L, 154 (36.1%) had an elevated lactate lev-
el of 2 to 4 mmol/L, and 102 (23.9%) had a highly elevated
lactate of level >4 mmol/L. Troponin levels were found to be
in the normal range of less than 0.045 ng/mL in 51.1% of pa-
tients, whereas 48.9% of patients had elevated troponin levels
above 0.045 ng/mL. In total, 293 patients (68.6%) had an NT-
proBNP level below 4000 pg/mL, while the NT-proBNP levels
were found to be over 8000 pg/mL in only 35 patients (8.2%).

Of the 427 patients, 278 patients survived and 149 died (non-
survival). The 30-day mortality rate in our study was 34.9%.

Prognostic Use of Lactate, Troponin, and NT-proBNP Levels

High levels of serum lactate (>4 mmol/L), troponin (>0.45
ng/mL), and NT-proBNP (>8000 pg/mL) were predictive of
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Table 1. Clinical characteristics of patients involved in the study.

30-day mortality. We found that the mortality rate associat-
ed with sepsis and septic shock was higher in patients who
had higher levels of either lactate, troponin, or NT-proBNP
(Figure 1A-1C, Table 2).

For the group of patients with lactate levels >4 mmol/L, the aOR
of non-survival was found to be 3.19 times (95% Cl 1.98-5.14,
P=0.00006) greater than that of the reference group (lac-
tate <2 mmol/L). Similarly, for the group with troponin levels
>0.045 ng/mL, the aOR of non-survival was 2.13 times (95%
Cl, 1.51-2.99, P=0.00027) higher than the aOR of the reference
group (troponin <0.045 ng/mL). Compared with the reference
group (NT-proBNP <4000 pg/mL), the aOR of non-survival was
2.5 times (95% Cl 1.69-3.70, P=0.00013) higher in patients in
the group with NT-proBNP levels >8000 pg/mL.

The results of the regression analyses for elevated lactate and
NT-proBNP levels were statistically significant, whether ob-
served separately or in combination with the other variables.
Compared with the reference group (lactate <2mmol/L), the
group with lactate levels >4 mmol/L had an aOR that was 3.01
times (95% Cl 1.82-4.97, P=0.0003) higher, while keeping the
other 2 variables constant, whereas for the group with NT-
proBNP levels >8000 pg/mL, the aOR was 2.35 times (95% Cl
1.55-3.58, P=0.00076) higher as compared with the reference
group (NT-proBNP <4000 pg/mL), while keeping the other 2
variables constant.

Of note, the results of the regression analysis for troponin
alone (as mentioned in Table 2) and the regression analysis
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Figure 1. Correlation between serum biomarkers and 30-day mortality rate. (A) The highest level of lactate (>4 mmol/L) was correlated
with a higher mortality rate. (B) The higher level of troponin (>0.045 ng/mL) was associated with a higher mortality rate.
(€) The higher level of NT-proBNP (>8000 pg/mL) was correlated with a higher mortality rate.

Table 2. Higher biomarker levels were associated with higher possibility of death as a predictor of 30-day mortality.

Variable Odds ratio
Lactate 4.0 3.1929
Troponin>0.045 212741
 NT-proBNP>s000 2497

95% ClI P-value

(1.98-5.14) 0.00006
"""""""""""" us1299) 000027
"""""""""""" (1693700 000013

NT-proBNP — N-terminal pro-B-type natriuretic peptide; Cl — confidence interval.

for troponin and lactate showed that troponin was predictive
of 30-day mortality, with an aOR 2.69 times (95% Cl 1.65-4.39,
P=0.0009) higher than that of the reference group; however,
when it was combined with lactate and NT-proBNP, troponin
was not statistically significant.

As a part of determining the mortality prediction ability of these
biomarkers in sepsis and septic shock, APACHE Il scores were
calculated and a comparison between the groups was made
using linear regression. Results showed that the groups with
lactate levels >4 mmol/L, troponin levels >0.045 ng/mL, and
NT-proBNP levels >8000 pg/mL had higher APACHE Il scores,
which in turn were associated with a higher rate of mortality
(Table 3, Figure 2A-2C).

For the group with lactate levels >4 mmol/L, the APACHE II
score was 9.12 points (P=0.00028) higher than that of the
group with lactate levels <2 mmol/L. When analyzed in com-
bination with the other variables, the group with lactate lev-
els >4 mmol/L, had an APACHE Il score that was 6.79 points
(P=0.00683) higher than that of the reference group, while
keeping the other 2 variables constant. Compared with the
group with troponin levels <0.045 ng/mL, the group with tro-
ponin levels >0.045 ng/mL had an APACHE Il score that was
7.70 points (P=0.0001) higher, whether observed independently
or in combination with the other 2 serum biomarkers, lactate
and NT-proBNP. Similarly, for the group with NT-proBNP levels
>8000 pg/mL, the APACHE Il score was 8.88 points (P=0.00013)
higher than the APACHE Il score of the group with NT-proBNP
<4000 pg/mL. When observed in combination with the other
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variables, the group with NT-proBNP levels >8000 pg/mL had
an APACHE Il score that was 6.36 points (P=0.00559) higher,
while keeping the other 2 variables constant.

Other Correlations and Associations

The correlation of the serum biomarkers and length of hospital
stay among survivors showed that the length of stay was 3.34
days longer on average in the group with troponin levels >0.045
ng/mL than in the reference group (troponin <0.045 ng/mL).
The other variables were not statistically significant at a 95% Cl.

The correlation of the 3 serum biomarkers and admission to
the Medical Intensive Care Unit (MICU) was analyzed only
among the survivors. Results showed the group with serum
lactate levels >4 mmol/L and the group with troponin levels
>0.045 ng/ml had a higher chance of being admitted to the
MICU. This correlation was found to be present not only when
the 2 variables were studied independently, but was also pres-
ent when each of the 2 variables was observed in combina-
tion with the other serum biomarkers (Table 4, Figure 3A, 3B).

The group with lactate levels >4 mmol/L had a 2.65 times (95%
Cl 1.54-4.55, P=0.003) higher aOR for being admitted to the
MICU compared with its reference group (lactate <2 mmol/L).
Similarly, for the group with troponin levels greater than
0.045 ng/mL, the aOR of being admitted to the MICU was 2.24
times (95% Cl 1.48-3.38, P=0.00128) higher than that of its ref-
erence group (troponin <0.045 ng/mL). The pro-BNP group did
not show statistical significance at a 95% Cl for MICU admission.
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Table 3. Higher biomarker levels were associated with higher Acute Physiology and Chronic Health Evaluation (APACHE) Il score.

Variable Estimate Std. error P-value

Lactate 4.0 9.12 2.5 0.00028
Troponin>0.045 7720 7 00001
"""""""""""""""""""""""""""""""""""""""""" 888 23 000013

NT-proBNP >8000

NT-proBNP — N-terminal pro-B-type natriuretic peptide.
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Figure 2. Correlation between serum biomarkers and Acute Physiology and Chronic Health Evaluation (APACHE) Il score. (A) The
highest level of lactate (>4 mmol/L) was correlated with a higher APACHE Il score. (B) The higher level of troponin (>0.045
ng/mL) was associated with a higher APACHE Il score. (C) The higher level of NT-proBNP (8000 pg/mL) was correlated with a

higher APACHE Il score.

Table 4. Higher lactic acid and troponin levels were associated with a higher chance of Medical Intensive Care Unit (MICU) admission.

Variable 0Odds ratio 95% CI P-value
Lactate 4.0 2.65 (1.54-2.65) 0.003
2.24 (1.48-3.38) 0.00128

Troponin >0.045

Cl - confidence interval.
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Figure 3. Correlation between serum lactic acid and troponin with the medical Intensive Care Unit (MICU) admission. (A) The highest
level of Lactate (>4 mmol/L) was correlated with MICU admission. (B) The higher level of troponin (>0.045 ng/mL) was
associated with MICU admission.
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Discussion

We found that elevated levels of lactate, troponin, and NT-
proBNP were each predictive of 30-day mortality in patients
with sepsis and septic shock. Patients with high levels of all
3 biomarkers (lactate, troponin, and NT-proBNP) had a high-
er mortality rate. Furthermore, we demonstrated the relation-
ship between increased levels of these serum biomarkers with
higher APACHE Il scores in these patients. Among survivors,
elevated levels of lactate and troponin were associated with
an increased chance of admission to the MICU, whereas only
an elevated level of troponin was found to be prognostic of a
longer length of hospital stay.

There are a few limitations to our study. First, it may be prone
to sampling bias. A total of 1242 patients were found to be po-
tentially eligible for our research. However, of these, 815 pa-
tients needed to be excluded because the 3 serum biomarkers
were not measured in these patients. Therefore, the sample
may not be an accurate representation of the target popula-
tion, and caution must be exercised before extrapolating the
results of our study to all patients with sepsis and septic shock.
Nevertheless, the results obtained from our study are internal-
ly valid and are an accurate representation of actual practice
carried out at a single center. Second, our study may be limit-
ed by confounding bias, as we were unable to adjust for any
confounders that may have affected the outcomes of interest.

It is essential to recognize the key novel findings of our study.
To date, several studies have been conducted to assess the
utilization of several different serum biomarkers in patients
with sepsis. However, to the best of our knowledge, this is the
first study to evaluate the prognostic use of lactate, troponin,
and pro-BNP in combination. The results of our study may pro-
vide valuable insight into the combined use of these biomark-
ers as predictive tools in patients with sepsis and septic shock.

The independent correlations of elevated levels of serum lac-
tate, troponin, and NT-proBNP with mortality demonstrated in
our study are indicative of the prognostic ability of these bio-
markers. These biomarkers may aid in the risk-stratification
of patients with sepsis and septic shock, and offer clinicians
an opportunity to administer life-saving interventions to high-
risk patients early in the disease course. Multiple studies have
shown the association between elevated lactate levels and
mortality in sepsis [4,7-10]. On the other hand, although some
studies have shown an independent association between ele-
vated troponin levels and mortality [11-13], other studies have
not [14,15]. Similarly, a relatively unclear picture applies to the
significance of NT-proBNP in predicting mortality in sepsis, with
some studies finding a positive correlation between elevated
NT-proBNP levels and mortality [16-18], alongside others that
found no significant correlation [19,20]. This could presumably
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be because of the presence of multiple causes of natriuretic
peptide elevations in patients with sepsis. Indeed, the results
of our study are consistent with previous data showing that
elevated levels of lactate, troponin, and NT-proBNP are pre-
dictors of mortality in patients with sepsis and septic shock.

An ideal prognostic biomarker should be equal to or superior
to the clinical severity scores used for the prediction of out-
comes. The APACHE Il score is a widely applied tool in critical-
ly ill patients and is a strong predictor of mortality in patients
with sepsis [21,22]. In our study, each of the 3 biomarkers
was found to have a positive correlation with higher APACHE
Il scores, which is indicative of the prognostic ability of these
biomarkers. Several studies have demonstrated the useful-
ness of serum biomarkers in combination with the APACHE I
score for the prediction of mortality in critically ill patients with
sepsis and septic shock [23-25]. The combined use of these
biomarkers and the APACHE Il score may therefore serve as a
useful method for the risk stratification of patients with sep-
sis and septic shock.

Elevated levels of serum lactate have been associated with an
increased chance of admission to the ICU in patients with sep-
sis and septic shock [26,27]. Similarly, elevated troponin lev-
els are frequently seen in critically ill patients admitted to the
ICU [28,29]. These findings are consistent with our observa-
tion of an increased probability of MICU admission in patients
with elevation of either serum lactate or troponin levels. It is
interesting to note that in our study, serum lactate was inde-
pendently associated with higher APACHE Il scores and an in-
creased risk of MICU admission only at levels higher than 4
mmol/L. This may be because rising lactate levels are associ-
ated with an increased severity of illness and mortality in pa-
tients with sepsis. Thus, in comparison to patients with low-
er lactate levels, patients with lactate levels >4 mmol/L may
have a more severe illness that may be reflected by higher
APACHE Il scores and a greater risk of being admitted to the
ICU. However, it is important to remember that the lactate
expression in sepsis can vary in each individual, and patients
with normal to mildly elevated lactate levels can still carry a
significant risk of mortality.

Serum lactate has also been identified as a predictor of longer
length of hospital stay [30]; however, there is differing evidence
on the ability of troponin and pro-BNP to predict the length of
hospital stay. Some studies suggest that elevated troponin lev-
els are associated with an increased length of stay [31], where-
as others do not show any such association [32,33]. Similarly,
while some studies have shown the role of BNP in predicting
an increased length of stay [17,34,35], others indicate the op-
posite [19]. Nevertheless, in our study, only elevated levels of
troponin predicted an increased length of hospital stay.
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Because there is no evidence of a single biomarker with high
sensitivity and specificity that can be used as the ideal prog-
nostic tool in patients with sepsis and septic shock, there has
been a recent trend toward the utilization of a biomarker com-
bination approach [36,37]. Some investigators have used a
combination of interleukin-6, procalcitonin, and soluble trig-
gering receptor expressed on myeloid cells-1 for the early de-
tection of sepsis [38]. However, others have combined arterial
lactate, NT-proBNP, and C-reactive protein for the prediction of
mortality in patients with sepsis [39]. Therefore, it was inter-
esting to find in our present study that the 3 serum biomark-
ers were of predictive value when used together. Therefore,
the combined use of these biomarkers may provide clinicians
with a more convenient method of risk stratification.

Multiple organ dysfunction syndrome (MODS) is a critical ill-
ness that is characterized by the development of reversible
physiological derangements in association with the simultane-
ous dysfunction of 2 or more organs. MODS is a major cause
of morbidity and mortality, and can develop in response to
sepsis, traumatic injuries, burns, or hypoperfusion. The exact
pathophysiology of sepsis-induced MODS is complex and mul-
tifactorial, and has been proposed to be directly related to the
host’s excessive proinflammatory response toward the infec-
tion. Various prognostic indicators, including high APACHE ||
scores, have been identified as risk factors for the development
of multiorgan failure in patients with severe sepsis admitted to
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