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Introduction

Sepsis is an organ dysfunction syndrome caused by the 
imbalance of the human response to infection. It is mainly 
characterized by chills, fever (or hypothermia), palpitation, 

shortness of breath, mental state changes, etc. Sepsis can 
develop into severe sepsis and septic shock, leading to 
organ dysfunction, circulatory disorder, and high mortality. 
Worldwide, the number of patients with sepsis can reach 
tens of millions yearly. The mortality is more than 25%, 
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and some patients may have different degrees of organ 
dysfunction after survival. Severe organ dysfunction caused 
by sepsis is a significant cause of death. Analyzing the 
factors related to sepsis organ function injury can provide 
more clinical prevention and sepsis-related organ function 
injury targets and better predict patients’ prognosis. Studies 
have shown that blood pressure variability (BPV) is related 
to organ function injury in various diseases, but relevant 
studies focus mainly on patients with cardiovascular diseases 
(1-3). The common pathophysiological basis of functional 
injury of related organs caused by sepsis is that patients 
cannot maintain blood pressure and withstand the attack of 
many inflammatory factors. The disorder of the autonomic 
nervous system plays a vital role in this process. The change 
of BPV has been proved to be related to autonomic nervous 
dysfunction. Therefore, BPV may play an essential role 
in sepsis-related organ dysfunction. In 2017, the research 
conducted by Chinese scholars showed that the change of 
systolic blood pressure variability (SBPV) was related to the 
28-day mortality of patients (4). A foreign study in 2018 
showed that the change of BPV was related to the increase 
of blood lactate concentration and SOFA score (5). These 
two studies suggest that BPV is related to the severity of 
sepsis, but the number of cases in these two studies is small, 
and the relationship between BPV and functional damage 
to different organs is not deeply discussed. The primary 
purpose of this study was to explore the correlation between 
BPV and target organ function injury in patients with 
sepsis. We present the following article in accordance with 
the STARD reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-2183).

Methods

General data 

One hundred and two patients with sepsis treated in 
our hospital from January 2019 to January 2021 were 
retrospectively collected as the observation group. The 
inclusion criteria are as follows: (I) patients met the Sepsis 
3.0 Diagnostic Criteria (6); (II) aged 18–65; (III) BPV 
data can be obtained. Exclusion criteria: (I) previous 
insufficiency of liver, kidney, heart, brain, or lung; (II) 
immune system diseases including ulcerative colitis; (III) 
pregnant women; (IV) complicated with malignant tumor; 
(V) blood system diseases; (VI) hypertension, diabetes and 
so on; (VII) undergone organ transplantation or long-term 
use of immunosuppressants; (VIII) other serious diseases, 

such as hemophilia and dementia. In the same period, 102 
healthy people were collected as the control group. None 
of the healthy people had the above diseases or other 
diseases. This study is a retrospective clinical study that can 
do without patient informed consent. The protocol of this 
study is in line with the Declaration of Helsinki (as revised 
in 2013). It retrospectively analyzes the imaging and clinical 
data left by patients, and does not use serum or tissue 
for additional tests. It is an observational test that can do 
without the approval of the ethics committee.

Treatment strategies 

According to the international guidelines for sepsis 
treatment (6), all patients were given symptomatic and 
supportive treatments, such as early anti-infection, control 
of primary diseases, intensive care, fluid resuscitation, 
maintenance of water-electrolyte and acid-base balance, and 
organ functional support, such as continuous hemofiltration 
and mechanical ventilation when necessary.

Observed indicators 

Main outcome measures include the level of procalcitonin, 
the number of leukocytes, acute physiology and chronic 
health evaluation (APACHE II), sequential organ failure 
score (SOFA), multiple organ function injury, persistent 
organ function injury, cardiac insufficiency, acute renal 
injury, acute respiratory distress syndrome, continuous renal 
replacement therapy, mechanical ventilation, and 28-day 
mortality.

Definitions 

(I) Organ failure: if an organ scores two or more points 
in each score of SOFA, it is diagnosed as organ failure. 
Multiple organ dysfunction syndromes (MODS) are 
diagnosed when two or more organs fail. (II) Continuous 
organ function damage: organ function damage lasts no less 
than 48 hours. (III) The diagnosis of acute renal injury is 
based on the network classification of acute renal injury (7).  
The diagnosis of acute respiratory distress syndrome was 
based on Berlin criteria (8). (IV) Continuous invasive 
arterial blood pressure monitoring was used to measure the 
changes of blood pressure at different time points, and the 
24-hour systolic blood pressure variability (24h SBPV) and 
24-hour diastolic blood pressure variability (24h DBPV) 
was calculated (9).
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Statistical analysis 

The statistical analysis of this study was completed 
by SPSS 26.0. All tests were bilateral, and P<0.05 was 
recognized that the difference was statistically significant. 
The measurement data conformed to normal distribution 
were presented as mean ± standard deviation, and the 
measurement data accorded with non-normal distribution 
are expressed as mean (P25–P75). T-test was used for the 
measurement data conformed to normal distribution. 
Mann-Whitney U test for two independent samples and 
Kruskal-Wallis H rank-sum test for multiple samples were 
used for the measurement data accorded with non-normal 
distribution. The rates of different categorical variables 
were compared by χ2 test and expressed as n (percentage 
within the group).

Results

Comparison of general data between the two groups 

There was no statistical significance in the comparison 
of general data, including age, gender, body mass index, 
smoking history, and drinking history between the two 
groups (P>0.05) (Table 1).

Comparison of 24h SBPV and 24h DBPV between the two 
groups 

Comparing with the control group, the 24h DBPV in 
the observation group was significantly higher (0.56±0.16 
vs. 0.37±0.16, P=0.000), and the 24h SBPV increased 
significantly (0.56±0.16 vs. 0.36±0.17, P=0.000) (Table 2).

Correlation between 24h SBPV and clinical indicators in 
patients with sepsis 

Pearson linear correlation analysis showed that 24h SBPV 
was significantly positively correlated with the level of 
procalcitonin, APACHEII score, and SOFA score (r=0.301, 
0.216 and 0.218, P<0.05) (Table 3).

Correlation between 24h DBPV and clinical indexes in 
patients with sepsis 

24h DBPV was significantly positively correlated with the 
level of procalcitonin, APACHEII score, and SOFA score in 
patients with sepsis (r=0.302, 0.212 and 0.210, P<0.05) (Table 4).

Value of 24h SBPV and 24h DBPV in the diagnosis of 
multiple organ failure in patients with sepsis

24h SBPV and 24h DBPV are of certain value in diagnosing 
multiple organ failure in patients with sepsis. The areas 
under the curve were [0.649 (95% CI: 0.539–0.759), 
P=0.010] and [0.650 (0.540–0.760), P=0.009], respectively 
(Table 5, Figure 1).

Value of 24h SBPV and 24h DBPV in the diagnosis of 
persistent organ failure in patients with sepsis

24h SBPV and 24h DBPV are of certain value in the 

Table 1 Comparison of general data between the two groups

Group n Age (year) Gender (male) Body mass index (kg/m2) Smoking history Drinking history

Observation group 102 41.18±13.36 61 (59.80%) 24.09±2.79 18 (17.65%) 14 (13.73%)

Control group 102 42.51±13.46 50 (49.02%) 23.69±2.81 20 (19.61%) 15 (14.71%)

t/χ2 value 0.710 2.391 1.012 0.129 0.040

P value 0.479 0.122 0.313 0.719 0.841

Table 2 Comparison of 24h SBPV and 24h DBPV between the two 
groups

Group n 24h DBPV 24h SBPV 

Observation group 102 0.56±0.16 0.56±0.16

Control group 102 0.37±0.16 0.36±0.17

t value 8.836 8.889

P value 0.000 0.000

24h SBPV, 24-hour systolic blood pressure variability; 24h 
DBPV, 24-hour diastolic blood pressure variability.
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diagnosis of persistent organ failure in patients with 
sepsis. The areas under the curve were [0.647 (95% CI: 
0.538–0.757), P=0.010] and [0.647 (95% CI: 0.538–0.757), 
P=0.010], respectively (Table 6, Figure 2).

Predictive value of 24h SBPV and 24h DBPV on 28-day 
mortality in patients with sepsis 

24h SBPV and 24h DBPV have a certain value in 
predicting 28-day mortality in patients with sepsis. The 
areas under the curve are [0.668 (95% CI: 0.545–0.791), 
P=0.016] and [0.667 (95% CI: 0.544–0.790), P=0.017], 
respectively (Table 7 and Figure 3).

Discussion

The 24-hour blood pressure rhythm of normal subjects 
showed a double peak to valley. Patients with hypertension 
have short-term BPV within one day. The variation of 
blood pressure indicates that the normal blood pressure 
rhythm disappears. Whether this variability decreases or 
increases, it will affect the self-regulation of the human 
body and cause damage to corresponding organs. In 
patients with a history of cardiovascular and cerebrovascular 
diseases, including hypertension, it has been confirmed that 
BPV is related to the injury of target organs (10-12). BPV is 
only a substitute index, and the underlying mechanism and 
factors that cause and affect its fluctuation are the essence. 
Organ dysfunction often accompanies sepsis patients, poor 

Table 3 Correlation between 24h SBPV and clinical indicators in patients with sepsis

Category Level of procalcitonin Number of leukocytes APACHEII score SOFA score

r value 0.301 −0.119 0.216 0.218

P value 0.002 0.235 0.029 0.028

APACHEII score, Acute Physiology and Chronic Health Evaluation; SOFA score, sequential organ failure score; 24h SBPV, 24-hour systolic 
blood pressure variability.

Table 4 Correlation between 24h DBPV and clinical indexes in patients with sepsis

Category Level of procalcitonin Number of leukocytes APPACHEII score SOFA score

r value 0.302 −0.129 0.212 0.210

P value 0.002 0.197 0.032 0.034

APPACHEII score, Acute Physiology and Chronic Health Evaluation; SOFA score, sequential organ failure score; 24h DBPV, 24-hour 
diastolic blood pressure variability.

Table 5 Value of 24h SBPV and 24h DBPV in the diagnosis of multiple organ failure in patients with sepsis

Category Area under the curve Standard deviation P value 95% CI

24h SBPV 0.649 0.056 0.010 0.539–0.759

24h DBPV 0.650 0.056 0.009 0.540–0.760

24h SBPV, 24-hour systolic blood pressure variability; 24h DBPV, 24-hour diastolic blood pressure variability.

Figure 1 Value of 24h SBPV and 24h DBPV in the diagnosis of 
multiple organ failure in patients with sepsis. 24h SBPV, 24-hour 
systolic blood pressure variability; 24h DBPV, 24-hour diastolic 
blood pressure variability.
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tissue perfusion, or hypotension. Therefore, there may 
also be the disappearance of blood pressure rhythm, which 
is manifested as the change of BPV. However, relevant 
studies focus mainly on the role of BPV in patients with 
cardiovascular and cerebrovascular diseases, and there are 
few studies on BPV in patients with sepsis.

The increase of BPV indicates that the patient’s normal 
blood pressure rhythm disappears. The disappearance 
of this normal blood pressure rhythm may be due to 
insufficient blood volume, inflammatory reaction, 
immune dysfunction, hypermetabolism, and abnormal 
autonomic nervous function after sepsis. In the early 
stages of patients with septic shock, the blood pressure 
can remain normal or decrease due to the compensatory 
effect. The blood pressure decreases significantly entering 
the decompensation period. During this period, the 
mean arterial pressure decreases, and the blood pressure 
fluctuates greatly, so it can be manifested as the increase 
of BPV (BPV = standard deviation of blood pressure at 
different time points over a period of time/mean blood 
pressure in the same period). In addition, the autonomic 

nervous function also has a significant impact on BPV. 
When the autonomic nervous function is disordered, the 
body’s ability to control blood pressure rhythm decreases, 
leading to apparent fluctuations in blood pressure and 
increases BPV. In 2014, Pandey’s study showed that BPV 
was elevated in patients with sepsis and had a certain value 
in predicting mortality (13). Two other related studies also 
confirm it (4,5) supporting our study. The results of our 
study show that the 24h SBPV and 24h DBPV in patients 
with sepsis are significantly increased, and positively 
correlated with the level of procalcitonin, APACHEII 
score, and SOFA score. It has a certain value in predicting 
multiple organ failure, persistent organ failure, and 28-day  
mortality. Our study has a certain value compared with 
previous studies, mainly reflected in the following aspects: 
(I) the number of cases in this study was more than that in 
other studies; (II) there was a control group in this study; 
(III) this study focused on the target organ function of 
patients, while previous studies only paid attention to the 
correlation between BPV and mortality. In addition, the 
level of procalcitonin, APACHEII score, and SOFA score 
are important indicators representing the severity of sepsis 
(14-16). The higher the level of these indicators, the more 
serious the sepsis. Multiple organ failure and persistent 
organ failure are among the most important risk factors for 
poor prognosis (17-19), and 28-day mortality is the most 
important prognosis index. Combined with the results of 
this study, BPV has a substantial value in predicting the 
prognosis of patients with sepsis, which is closely related 
to the severity of sepsis, and it is worthy of further study. 
Moreover, the monitoring time of BPV and DBPV should 
be further extended. Finally, we believe that procalcitonin, 
APACHEII score and SOFA score combined with BPV can 
judge the severity of sepsis more accurately.

The primary deficiency of this study is that this study 
is a retrospective clinical study, and the number of cases is 
relatively insufficient. Secondly, assessing BPV also needs 
many other indicators. Limited to the fact that this study is 
a retrospective clinical study, other indicators of BPV, such 
as resting blood pressure variability, cannot be obtained.

Table 6 Value of 24h SBPV and 24h DBPV in the diagnosis of persistent organ failure in patients with sepsis

Category Area under the curve Standard deviation P value 95% CI

24h SBPV 0.647 0.056 0.010 0.538–0.757

24h DBPV 0.647 0.056 0.010 0.538–0.757

24h SBPV, 24-hour systolic blood pressure variability; 24h DBPV, 24-hour diastolic blood pressure variability.
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Figure 2 Value of 24h SBPV and 24h DBPV in the diagnosis of 
persistent organ failure in patients with sepsis. 24h SBPV, 24-hour 
systolic blood pressure variability; 24h DBPV, 24-hour diastolic 
blood pressure variability.
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The increased BPV in patients with sepsis is of certain 
value in predicting the prognosis and organ function injury 
in patients with sepsis.
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