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Background: Respiratory failure is one of the most common critical diseases. It has already been reported
that invasive mechanical ventilation (IMV) should be used to treat respiratory failure. The present study aims
to evaluate the prognostic value of blood lactate and NT-proBNP in patients with IMV.

Methods: We retrospectively included 353 patients who were hospitalized in the emergency department
of Shanghai Sixth People’s Hospital from 2016 to 2019. All patients had IMV. R&D Human Premixed
Multi-Analyte Kit detected the expression of various inflammatory factors in serum. Receiver operating
characteristic (ROC) curve analysis, survival analysis, and multivariate cox proportional hazards analysis were
implemented as statistical analysis methods.

Results: The mean duration of hospitalization was 25.5+20.6 days. Twenty-four men and 41 women
died. Compared with the survivors, the nonsurvivors were older, had different types of diagnosis, longer
ventilation time, and shorter survival time (P<0.05). Also, the expression levels of PCT, NT-proBNP, lactate
in 12 h and lactate in 24 h in the nonsurvivors were significantly higher than those in the survivor group
(P<0.05). There was a significant correlation between these parameters and ventilation times (P<0.001). The
results showed that age, NT-proBNP, and lactate were independent predictors of survival rate. ROC analysis
showed that the cut-off values of age, NT-proBNP and lactate were 61.5 years, 230.5 pg/mL and 3.7 mmol/L,
respectively. Patients aged >61.5 years or NT-proBNP >230.5 pg/mL or lactate >3.7 mmol/L had a worse
prognosis. Therefore, patients with three parameters higher than cut-off value had the lowest survival rate,
while patients with three parameters lower than cut-off value had the best survival rate.

Conclusions: Blood lactate and N'T-proBNP may be used as biomarkers to predict the prognosis of
patients undergoing IMV.
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Introduction other serious conditions. It has already been reported that

Respiratory failure is one of the most common critical noninvasive mechanical ventilation and invasive mechanical

diseases. There may be respiratory failure due to ventilation (IMV) are used to treated respiratory failure.

craniocerebral damage, postoperative resuscitation injury, or Furthermore, IMV helps stabilize patients with hypoxemic
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and hypercapnic respiratory failure, decreases inspiratory
work of breathing, redistributes blood flow from exercising
respiratory muscles to other tissues in patients with shock,
and allows for the implementation of lung-protective (low
tidal volume) ventilation in patients with acute respiratory
distress syndrome (ARDS) (1-3).

Clinical studies have confirmed that ventilation
mode ventilation time ventilator-associated pneumonia,
gastrointestinal bleeding and other factors that affect
patients with significant risk factors in their prognosis.
Therefore, some studies aimed to find effective clinical
indicators to predict the prognosis of patients in the early
stage are conducive to comprehensively reflect the state of
the body, the severity of the disease and the treatment effect
(1-3). The earlier study showed blood N'T- proBNP had a
potential role in assessing disease severity, treatment efficacy
and prognosis in chronic hypercapnic respiratory failure (4).
Then another study showed that APACHE II score applied
in combination with arterial blood lactate clearance rate
is of clinical significance in assessing the prognosis of ARDS
patients (5). One new research showed blood lactate levels
might be predictive of the outcome of patients with ARDS (6).
However, we do not know whether blood N'T- proBNP,
lactate, or other parameters can predict the prognosis of
patients undergoing IMV.

Therefore, we looked to investigate the value of blood
CRP, PCT, NT-proBNP, and lactate in predicting the
prognosis of patients undergoing IMV.

Methods
Study sample

From May 2016 to December 2019, 353 incident patients
more than 18 years old with coma admitted to the Intensive
Care Unit of Shanghai Sixth People’s Hospital East
Affiliated to Shanghai University of Medicine & Health
Sciences were recruited as the study objects, including
147 men, with an average age of (59.6x17.1) years. All the
subjects in this study were assessed by the Glasgow Coma
Scale (7,8) about the diagnosis standard of patients with
severe coma. All the patients underwent IMV, including
225 cases of postoperative recovery, 76 cases of brain injury,
51 cases of disease aggravation, and 1 case of a traffic
accident. In this study, patients with severe hepatic and
renal insufficiency, patients with coexisting basic diseases
(such as hematological diseases and advanced malignant
tumors), patients who have used drugs that affect lactate
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metabolism (such as metformin, sodium nitroprusside, etc.),
Patients with IMV contraindications or who declined to
use IMV for treatment were also removed; patients with
incomplete clinical data or noncooperation in treatment
were also excluded to minimize the interference factors that
affect the determination of blood lactate level.

This study was approved by the academic ethics
committee of our college and obtained the informed
consent of all the subjects.

Clinical assessment

The demographic information, body mass index (BMI),
CRP, PCT, NT-proBNP, lactate, during hospitalization, the
number of WBCs and neutrophils was calculated at baseline.
Lactate in 12 h and lactate in 24 h were determined. Each
patient underwent resting measurements of GCS score,
duration in ventilation, duration in operation, hemorrhage,
crystal, colloid and suspended red liquid input. The primary
outcome was death. Survival was estimated from the date of
confirmation until their leave from the hospital.

V1714

IMV was performed in all patients (9). IMV includes
an endotracheal tube and a mechanical ventilator. IMV
helps stabilize patients with hypoxemic and hypercapnic
respiratory failure, decreases inspiratory work of breathing,
redistributes blood flow from exercising respiratory muscles
to other tissues in patients with shock, and allows for the

implementation of lung-protective (low tidal volume)
ventilation in patients with ARDS. Our patients were
received volume-controlled (VC) ventilation and used one

common strategy of synchronized intermittent mandatory
ventilation (SIMV).

Glasgow Coma Scale (GCS) scoring method

GCs evaluated the severity of severe brain injury. Scoring
range: 0-15 points. The GCS score of the patients was
positively correlated with the severity of the disease. The
critical value of judging the patients as low group and the
high group was 9 points.

Statistical analysis

Continuous variables were presented by mean or median,
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Table 1 Baseline characteristics in nonsurvival and survival patients
Variable Nonsurvivor (N=65) Survivor (N=288) P value
Age, years 64.7+16.7 58.5+17.0 0.008
Male, n (%) 24 (36.9) 123 (42.7) 0.394
BSA, kg/m® 1.6+0.2 1.7+0.1 0.756
Diagnosis <0.001

Non-craniocerebral trauma, n (%) 20 (30.8) 159 (55.2)

Craniocerebral trauma, n (%) 20 (30.8) 103 (35.7)

Other diseases, n (%) 25 (38.5) 26 (9.0

Operation method, n SIMV, 65 SIMV, 288
GCS score, points 5.2+2.8 8.7+x4.1 <0.001
Duration of operation, days 190.4+137.0 230.9+173.3 0.137
Duration of ventilation, days 83.0 (37.0, 230.0) 19.0 (12.0, 138.5) <0.001
Hemorrhage in OR, mL 600.0 (50.0, 1,200.0) 400.0 (200.0, 1,000.0) 0.480
Crystal, mL 1,606.3+1,011.2 1,707.7+1,122.7 0.636
Colloid, mL 1,001.3+553.3 1,024.4+598.3 0.680
Blood transfusions, mL 765.8+681.7 702.0+605.5 0.537
Survival time, days 6.0 (3.0, 17.5) 22.0 (15.0, 35.8) <0.001

Values are mean (SD) or median (interquartile range). BSA, body surface area; GCS, Glasgow Coma Scale.

and categorical variables were presented by absolute number
and percentage. Comparisons were performed using t-tests
or Mann-Whitney U-test for continuous variables and chi-
square or Fisher’s exact tests for categorical variables. The
impact of parameters on prognosis was evaluated using
univariate and multivariable cox proportional hazards
analyses. Age, BMI, and sex were forced in models to adjust
the multivariate analysis. Receiver operating characteristic
(ROC) curves for independent parameters were drawn, and
the areas under the curves were calculated. For a specific
parameter, the cut-off level that resulted in the highest
product of sensitivity and specificity was an optimal cutoff
value for prognostication. Kaplan-Meier methods were used
to estimate the outcome of time to survival, and disparities
between the sexes were assessed with the long-rank test.
Statistical significance was defined as the two-tailed P value
of <0.05 for all analyses. Statistical analysis was performed
using SPSS (Statistic Package for Social Science, Chicago,
IL, USA) version 25.0 and GraphPad Prism (San Diego,
CA, USA) version 8.0.

© Annals of Translational Medicine. All rights reserved.

Results
Characteristics of the studies

A total of 353 patients with IMV matched inclusion
criteria, 147 (41.6%) were men. The mean duration of
hospitalization was 25.5£20.6 days. Twenty-four men and
41 women died. Demographic and hemodynamic data are
presented in 7able 1. The mean age was 64.7+16.7 years for
non-survivor, 58.5£17.0 years for the survivor. There were
significant differences in the types of diagnosis between the
two groups. Nonsurvivor had similar percentages of non-
craniocerebral trauma, craniocerebral, and another disease,
but survivor had many patients with non- craniocerebral
trauma and few patients with others disease. There were
no differences in sex, duration in operation, hemorrhage,
crystal, colloid and blood transfusions input between non-
survivor and survivor patients. Nonsurvivor had a longer
duration of ventilation compared with a survivor. The
median survival time for nonsurvivors was six days, but the
median survival time for survivors was 22 days, so there was
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Figure 1 Comparison of clinical parameters between nonsurvival and survival patients. *, P<0.05; **, P<0.01, vs. survivor.

a significant statistical difference between the two groups.

Expressions of several plasma protein markers in patients

There were no significant differences in expressions of CRP
between the nonsurvivors group and the survivor group
(Figure 1A4). Survival patients had significant lower PCT, N'T-
proBNP, lactate in baseline (2.8+2.0 vs. 4.5+3.5 mmol/L),
lactate in 12 h (2.5+1.5 vs. 3.5+3.1 mmol/L) and lactate in
24 h (1.8%1.2 vs. 2.6«1.5 mmol/L) compared with
nonsurgical patients respectively (Figure 1B,C,D,E,F).

© Annals of Translational Medicine. All rights reserved.

Although there were no significant differences in 12 h
lactate clearance and 24 h lactate clearance between
nonsurvivor group and survivor group, nonsurvivors had
the lower 12 h lactate clearance and 24 h lactate clearance

(Figure 1G,H).

Relationship between duration in ventilation and several
clinical parameters in patients

There were various correlations duration in ventilation
and several clinical parameters in patients. The major
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Figure 2 Correlations of duration in ventilation and several clinical parameters in patients. The upper number in the grid is the correlation

coefficient, and the lower one is the P value.

significant positive correlations were demonstrated between
duration in ventilation and CRP, PCT, NT-proBNP,
lactate, number of WBC, neutrophils and GCS score
(Figure 2). In all patients, age correlated to N'T-proBNP,
lactate and number of WBC. CRP correlated to PCT, NT-
proBNP and number of neutrophils. PCT correlated to
NT-proBNP, lactate, and number of WBC and neutrophils.
Besides, lactate in baseline and lactate in 12 h had positive
correlations to several WBC and neutrophils in patients.
However, NT-proBNP had no correlations to lactate and
the number of WBC and neutrophils in patients.

Factors influencing survival

On univariate Cox proportional hazards analysis, age, N'T-
proBNP, CRP, lactate in the baseline, lactate in 12 h and
lactate in 24 h were related to survival in all patients. On
multivariate forward stepwise Cox proportional hazards
analysis, the model adjusted by age, gender and BMI

© Annals of Translational Medicine. All rights reserved.

associated the above parameters, age, NT-proBNP, and
lactate was the independent predictor of survival in patients
(Figure 34,B). However, blood lactate clearance is not the
predictor of survival rate in these patients (Figure 34).

Receiver-operating characteristic

ROC curves were plotted for age, NT-proBNP, and lactate
in all patients (Figure 4 and Table 2). Age <61.5 years had a
sensitivity of 65.6% and specificity of 65.4% in predicting
the survival in all patients. N'T-proBNP <230.5 pg/mL
had a high sensitivity of 76.6% and specificity of 63.0% in
patients. Lactate <3.7 mmol/L in patients had a sensitivity
of 51.6% and specificity of 76.9% to predict survival.

Kaplan-meier eveni-free survival analysis

Kaplan-Meier event-free survival curves according to the

cutoff values of age, NT-proBNP and lactate by ROC

Ann Transl Med 2020;8(7):458 | http://dx.doi.org/10.21037/atm.2020.03.140
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Figure 3 Parameters predictive of survival in Cox-proportional hazards analysis. (A) Parameters predictive of survival in univariate Cox-
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analysis. In analysis of all patients, patients with an age
>61.5 years had a significantly poorer prognosis than
those with an age <61.5 years (1-month survival, 87.7%
vs. 89.9%; 2-month survival, 84.0% vs. 88.4%, 3-month
survival, 79.7% vs. 87.9%, respectively; P=0.001; Figure 5A).
Patients with NT-proBNP <230.5 pg/mL had a
significantly better survival rate than male patients with
a NT-proBNP >230.5 pg/mL (1-month survival, 86.7%
vs. 95.1%; 2-month survival, 82.0% vs. 94.1%, 3-month
survival, 77.3% vs. 93.6%, respectively; P<0.001; Figure 5B).
Patients with lactate >3.7 mmol/L had significantly worse
survival (1-month survival, 72.2% vs. 94.5%; 2-month
survival, 67.0% vs. 94.1%, 3-month survival, 65.9% uvs.

Ann Transl Med 2020;8(7):458 | http://dx.doi.org/10.21037/atm.2020.03.140
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Table 2 Receiver-operating characteristics
Variables Area Sensitivity Specificity 95% ClI P value
Age 0.608 0.656 0.654 0.532-0.685 0.007
NT-proBNP 0.760 0.766 0.630 0.695-0.825 <0.001
Lactate 0.672 0.516 0.769 0.596-0.747 <0.001

92.9% respectively; P<0.001; Figure 5C).

Then we used two or three of the three parameters to
the group and analyzed the survival rate in patients. Patients
with age <61.5 years and NT-proBNP <230.5 pg/mL
and lactate <3.7 mmol/L had the best survival rate, and
the 1- and 2-year survival rates were 98.8% and 97.6%,
respectively (Figure SD,E,F,G). Patients with NT-proBNP
>230.5 pg/mL and lactate >3.7 mmol/L had the worst
survival rate whose the 1- and 2-year survival rates were

46.5% and 44.2%, respectively (Figure SD,E,FG).

Discussion

This study suggests that age, blood NT-proBNP and
lactate are the independent predictors of survival in patients
undergoing IMV. And the blood NT-proBNP may be the
best independent predictors of survival in these patients.
Blood lactate clearance rate, however, is not the predictors
of survival rate in these patients. So, blood N'T-proBNP and
lactate may be used as biomarkers to predict the prognosis
of patients undergoing IMV.

In the present study, we include the patients with
craniocerebral, non- craniocerebral and other diseases such
as liver cancer, gastric carcinoma, and glioma and so on.
These findings are inconsistent with earlier studies. The
earlier studies only focused on one kind of disease, but
in our study, we include patients with respiratory failure
caused by all different aspects. If the patient needs IMV
in our department, the patient was included in the present
study. So, the data are representative.

The increase of plasma NT-proBNP is positively
related to the severity of heart failure and can evaluate
the cardiovascular function. When patients suffer from
cardiac insufficiency, due to the increase of cardiac volume
load or pressure load, the myocardium is more stretched
or the ventricular wall pressure will increase, which will
increase the plasma N'T-proBNP concentration. Our data
is consistent with earlier studies (4). And the plasma NT-
proBNP levels can also reflect the amount of liquid input.
So, the nonsurvivors had higher plasma NT-proBNP

© Annals of Translational Medicine. All rights reserved.

levels, and the plasma N'T-proBNP levels can predict the
prognosis of the patient undergoing IMV.

It is not difficult to understand why older people are
more likely to die in our data. The data is consistent with
the latest research study (10,11). They reported the elderly
patients with acute respiratory failure had higher mortality.
In the present study, nonsurvivor was the older people and
had a worse pulmonary function and poorer recovery ability
so as they are more prone to respiratory failure and need
IMYV, then they need a longer duration of ventilation and
have shorter survival time.

Nonsurvivors had higher blood lactate levels. And lactate
is the independent predictor of survival in these patients
undergoing IMV. Lactate is directly produced by anaerobic
glucose metabolism. It is a product converted from pyruvic
acid by the glycolytic pathway. Therefore, it is considered
to be a sensitive biomarker that can reflect intracellular
oxygen supply and peripheral tissue perfusion at an early
stage and can be used for evaluating disease severity and
prognosis, and it is closely related to the hospitalization
time and mortality of patients (12). The normal value of
blood lactate level is 0.5-1.5 mmol/L. The lactate levels of
patients may be more than 5 mmol/L due to tissue hypoxia
and hypoperfusion, stress-induced hypercatecholaminemia,
organ dysfunction, and other reasons. Our data showed
the patients. Under physiological conditions, lungs hardly
affect the metabolism of systemic lactate. However,
most patients with severe respiratory failure already
have tissue hypoperfusion and oxygenation disorders to
varying degrees, and then glucose anaerobic metabolism
increases, leading to poor injection and oxygenation
disorders, and then glucose anaerobic metabolism
increases, leading to increased lactate production. At the
same time, the infection itself can lead to the reduction
of pyruvate dehydrogenase activity, which increases
the release of lactate from lung parenchyma (13,14),
and lactate release is linked strongly to the degree of
lung injury (13-16), which can lead to hyperlactatemia.
Therefore, it is speculated that blood lactate concentration
can be used as one of the markers to predict the severity and
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Figure 5 Kaplan-Meier cumulative event-free survival curves of patients with IMV. (A) All patients grouped with ages of <61.5 versus
>61.5 years. (B) All patients grouped with NT-proBNP of <230.5 versus >230.5 pg/mL. (C) All patients grouped with a lactate level of
<3.7 versus 3.7 mmol/L. (D) All patients grouped with the cut-off value of ages and NT-proBNP. (E) All patients grouped with the cut-
off value of ages and lactate. (F) All patients grouped with the cut-off value of NT-proBNP and lactate. (G) All patients grouped with the
cut-off value of ages, NT-proBNP, and lactate. IMV, invasive mechanical ventilation.

prognosis of patients with severe respiratory failure. In our
study, the data show that blood lactate is a better predictor
of survival in patients undergoing IMV.

However, some people think that it is not sufficient to
detect the blood lactate level at a single moment as a timely
and accurate reflection of the patient’s basic condition, the
severity of illness and therapeutic reactivity (17-19). And
they think if the blood lactate level can return to normal
in a short period, it is better after pre-treatment, which

© Annals of Translational Medicine. All rights reserved.

indicates that the blood lactate clearance is more accurate
and credible as a key indicator for prognosis evaluation.
At present, it has been confirmed that the early lactate
clearance can directly reflect the prognosis of patients
and is closely related to the severity of infection and
responsiveness to treatment (20-23). This study shows that
the nonsurvivors had lower lactate clearance, so the more
serious respiratory failure, the lower lactate clearance, which
can partly reflect the degree of lung injury in the body and
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further indicate the severity of patient’s respiratory failure.
At the same time, this study showed that the blood lactate
level of patients in the survival group was significantly
lower than that of patients in the nonsurvival groups of
patients. In the present study, one of the reasons why 12
or 24 h lactate clearance is not the independent predictors
of survival is the small sample size, so we need a larger,
multicenter study to confirm the data.

There are limitations to the present study. The patients
with no serious diseases were not enough included in this
study. We feel it is important to evaluate the data on those
patients. Furthermore, we do not have long-term follow up
data, so we could not analyze the long-term survival rate
and only use hospitalized survival to reflect the prognosis.
Also, the focus of this analysis was patients with respiratory
failure being managed at a single center; therefore, we need
a larger sample, multicenter, long-term follow up along
with a full cohort of patients with respiratory failure to
explore the mechanism and role of these parameters.

Concluding, although the number of patients in this
study was limited, the data suggest that blood NT-proBNP
and lactate may be used as biomarkers to predict the
prognosis of patients undergoing IMV. And age is also a
better predictor of survival rate in these patients. Compared
with age and blood lactate, blood NT-proBNP may be the
best independent predictors of survival in these patients
undergoing IMV. The elderly patients and patients with
higher blood NT-proBNP and/or lactate had a worse
survival rate. These results suggest that patients undergoing
IMV may have worse pulmonary ventilatory, gas exchange
abnormality, and cardiovascular dysfunction, which need
further pay attention to measure the blood N'T-proBNP
and lactate levels in the baseline.
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