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Impact of central venous pressure on the mortality of patients with
sepsis-related acute kidney injury: a propensity score-matched
analysis based on the MIMIC IV database
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Background: Sepsis has long been a life-threatening organ dysfunction. Sepsis associated acute kidney
injury (SA-AKI) is an important complication of sepsis, as an important hemodynamic index, the impact of
central venous pressure (CVP) on sepsis patients needs to be explored. Thus this study aimed to investigate
the relationship between CVP and the mortality of SA-AKI.

Methods: Clinical data of adult patients with sepsis-related acute kidney injury, defined as met both
the Sepsis 3.0 criteria and the Kidney Disease Improving Global Outcomes Clinical Practice Guideline
(KDIGO) criteria, were obtained from the Medical Information Mart for Intensive Care-IV (MIMIC-IV)
database. The included cohort was divided into a high CVP and a low CVP group were determined based
on the cuf-off value from receiver operating characteristic curve, with propensity score-matched analysis of
the 28-day mortality for both groups and sensitivity analysis using inverse the probability-weighting model,
multifactorial regression, and doubly robust estimation, patients acquired chronic coronary syndrome (CCS)
and diabetes were also taken into consideration.

Results: Of 1,377 patients with sepsis-related acute kidney injury, low CVP group (<13 mmHg) was
67.4% (n=928) and high CVP group (213 mmHg) was 32.6% (n=449). The two groups were matched 1:1
by propensity score to obtain a matched cohort (n=288). The mortality rates in the low versus high CVP
group (19.4% vs. 34.7%) were statistically difference (odds ratio OR: 0.454; 95% confidence interval 0.263,
0.771). Moreover, the bistable analysis of logistic regression of the matched cohort (OR: 0.434; 95% CI:
0.244, 0.757), propensity score inverse probability weighting (IPW) (OR: 0.547; 95% CI: 0.454, 0.658), and
multifactorial logistic regression (OR: 0.352; 95% CI: 0.127, 0.932) all yielded the same results.
Conclusions: In patients with sepsis-related acute kidney injury, a lower CVP level (<13 mmHg) is an
independent variable associated with decreased mortality. The threshold of CVP needs to be controlled in
clinical work to improve the prognosis of patients with SA-AKI.
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Introduction

Sepsis, which is caused by infection, has long been a life-
threatening organ dysfunction (1). More than 30 million
patients are affected each year, with approximately
5.3 million deaths (2). The overall sepsis-related mortality
has been stable for this time-period in both males and
females (3). Owing to the publishing of guidelines for
sepsis and the improvement of therapy, the grim situation
has been eased (4), but there are still some questions about
sepsis need to be addressed (5). Sepsis-related acute kidney
injury (SA-AKI) is a life-threatening complication in
critically ill patients (6), which is often combined by multi-
organ dysfunction, and its outcome is mostly associated with
a poor prognosis in critically ill patients (7). If not treated
properly, it often leads to unrecoverable kidney damage,
which can progress to chronic renal failure (8). Common
risk factors for AKI include advanced age, chronic kidney
disease (CKD), and cardiovascular disease. Since SA-AKI
patients are often included in the AKI patient population,
these factors may also be risk factors for poor prognosis in
SA-AKI (9). In the absence of a unique treatment, the key
to SA-AKI therapy lies in the promptness of diagnosis (10),
as well as the reduction of renal burden by improving
systemic hemodynamic status to avoid further exacerbation
of renal injury (11).

SA-AKI is often accompanied by transient renal function
failure (12), with a six- to eight-fold increase in in-hospital
mortality of SA-AKI patients, in addition to the fact that
more than 25% of patients with SA-AKI require renal
replacement therapy (RRT) (13). Published in 2012, the
Kidney Disease Improving Global Outcomes (KDIGO)
criteria are the most widely accepted international diagnostic
criteria for acute kidney injury (AKI) (14). Previous study
had shown that the 1-year mortality rate of patients
recovering from SA-AKI was similar to that of patients
without AKI (13), demonstrating that kidney injury caused
by SA-AKI can be reversed with timely intervention (15).
Central venous pressure (CVP), a volume index, is an
important hemodynamic factor in the development of AKI,
and previous reports have suggested that high levels of CVP
often have a negative effect on the prognosis of AKI (16).
However, research on the effect of CVP on the prognosis of
SA-AKT is lacking, and given the different grading of SA-AKI
in the KDIGO guidelines, the effect of CVP on different
levels of AKI remains to be clarified. The purpose of this
study was to explore the effect of different levels of CVP on
the prognosis of SA-AKI with different KDIGO grading.
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We present the following article in accordance with
the STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-588/rc).

Methods

The Medical Information Mart for Intensive Care IV
(MIMIC-1V) database

The MIMIC-1V is a database which can get access to for
free, and contains information from 2008 to 2019 (17)
(https://doi.org/10.13026/s616-xd98). The database records
hourly physiological readings from bedside monitors verified
by intensive care unit (ICU) nurses, and also contains
data on demographics, laboratory indicators, nursing
records, intravenous medications, fluid balance, and other
clinical variables. The MIMIC-IV database is accessible
to individuals who have completed the Collaborative
Institutional Training Initiative examination. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013).

The Kidney Disease Improving Global Outcomes (KDIGO)
guideline

AKI was defined as the KDIGO criteria of a 0.3 mg/dL
change in serum creatinine within 48 hours or a 50%
increase from baseline creatinine. For patients with serum
creatinine within 7-365 days prior to admission, the most
recent serum creatinine value was considered the baseline
creatinine. For patients with missing baseline creatinine, the
baseline eGFR was assumed to be 75 mL/min per 1.73 m’
as estimated by the Modified Renal Disease Diet (MDRD)
study equation according to the KDIGO AKI guidelines.

Introduction to the study

This is a longitudinal retrospective study. The MIMIC-
IV database contains a total of 257,366 individuals, 35,010
of which were diagnosed with sepsis (as defined by the
Sepsis-3 criteria) (1). In this study, we collected the data of
each patient who was first admitted into ICU. The maximal
blood creatinine level each day and the weight-normalized
urine output every 6 h were collected according to the
KDIGO classification. We designed this trial to explore the
relationship between CVP levels and clinical outcomes in
patients with different grades of SA-AKI, and to explore
whether controlling CVP at certain levels contributes to
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improvements in mortality and benefit the management of
septic patients in ICU.

Inclusion and exclusion criteria

Patients diagnosed with AKI according to the KDIGO
criteria within 24 hours before or after sepsis diagnostic
were enrolled in this study. The exclusion criteria were
as follows: (I) patients aged <18 years; (II) patients who
did not meet the KDIGO criteria; (III) patients who were
not admitted to the ICU for the first time; (IV) patients
admitted to a care unit other than the medical ICU and
surgical ICU; (V) received contrast therapy within 48 hours
before or after diagnosis of acute kidney injury; (VI) patients
for whom CVP data were not collected.

Outcome

The outcome indicator for the study was mortality at
28 days after meeting the enrolment criteria.

Statistical analysis

Patients were divided into high and low CVP groups
by performing receiver operating characteristic (ROC)
analysis of the post-enrolment CVP levels of the study
population (18), which resulted in cut-off values. Propensity
scores were calculated for the high CVP group versus the
low CVP group using a gradient boosted model (GBM),
which in turn minimized the differences between the
covariates of the two groups. A matching cohort was
obtained by 1:1 matching based on the propensity score
exchangers of the patients. The relationship between
CVP and patient prognosis was explored in the matched
cohort using a bivariate robust analysis of a multifactorial
regression combined propensity score model. An inverse
probability weighting (IPW) model was used to generate
a weighted cohort using estimated propensity scores as
weights, and logistic regression was performed on the
weighted cohort.

Since the propensity score model had balanced the two
comparison groups, we compared the imbalance of the
covariates between the original and adjusted (weighted)
cohorts to assess the effectiveness. Standardized mean
differences (SSMDs) between the high and low CVP groups
were calculated. The non-parametric Wilcoxon signed rank
sum test was used to test for statistical differences between
continuous covariates. The chi-square test was used to test
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the relationship between categorical covariates. P<0.05 was

considered to indicate a statistically significant difference on
both side.

Covariates

We took gender, age, height, weight, and the severity of
patients (measured by the first 24-h Sequential Organ
Failure Assessment (SOFA score), Glasgow Coma Scale
Score (GCS score), and Charlson Score) into consideration
cause these factors may leads to poor prognosis in SA-AKI.

Comorbidities

We extracted data on comorbidities such as CKD,
congestive heart failure, atrial fibrillation, chronic liver
disease, chronic obstructive pulmonary disease (COPD),
CCS, hypertension, diabetes, stroke, and malignancy. All
of these factors were identified on the basis of the recorded
ICD-9 codes.

Vital signs

The heart rate, temperature, CVP, and mean arterial blood
pressure (MAP) were collected as vital signs. The values for
vital signs were averaged over a 24-hour period before and
after meeting the definition of sepsis.

Interventions

Treatment like continuous renal replacement therapy
(CRRT), mechanical ventilation, vasopressor, sedation, and
analgesia were also collected in our study.

Laboratory results

Parameters including white blood cell (WBC), hemoglobin,
platelet, albumin (ALB), total bilirubin (Tbil), creatinine
(Cre), blood urea nitrogen (BUN), lactate, oxygenation
index (P/F), PCO,, Troponin, brain natriuretic peptide
(BNP) and creatinine kinase were considered in our study.
We noted that more than half of the patients had missing
troponin assays, and if we had used the troponin values
directly as covariates, then there would be a large number
of missing values. Therefore, we used whether troponin was
collected as a covariate in the model, and similarly, there
were more missing values for BNP and creatine kinase
assays, and we took the same means to determine whether
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Figure 1 Inclusion/exclusion criteria used to select the final cohort of 1,377 patients. AKI, acute kidney injury; MICU, Medical Intensive
Care Unit; SICU, Surgical Intensive Care Unit; CVICU, Cardiac Vascular Intensive Care Unit; CCU, Coronary Care Unit; TSICU,

Trauma Surgical Intensive Care Unit; NSICU, Neurosurgery Intensive Care Unit; CVP, central venous pressure.
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Figure 2 ROC curves for clinical outcome and CVP
measurements. ROC, receiver operating characteristic; CVP,

central venous pressure.

these assays were obtained as covariates.

Results

Grouping of patients and general information

A total of 35,010 records from the MIMIC-IV database that
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met the definition of sepsis were extracted. The following
records were excluded: (I) 14,275 records that did not meet
the KDIGO criteria; (II) nine records aged <18 years; (III)
4,787 records that did not meet the criteria for the first
time; (IV) 7,529 patients were excluded for their care unit
were not included in (Medical) MICU or SICU or both of
them; (V) 1,281 records of contrast performed within 48 h
before meeting the KDIGO criteria; and (VI) 5,752 records
with no CVP data. Finally, 1,377 patients were included in
this study (Figure I).

Through ROC analysis of the mean CVP after
enrollment (Figure 2), we determined that the best cut-
off value was 12.968 mmHg (0.730, 0.469). We selected
13 mmHg (0.731, 0.464) as the cut-off value for patient
grouping and divided all patients into a high CVP group
(n=449) and a low CVP group (n=928). The clinical
information of both groups is shown in 7ible 1.

Propensity scores

We used the GBM to construct the propensity score model
employing the 39 covariates (19). Matching was performed
1:1 to finally obtain a matched cohort of 288 patients
(Table 1, Figure 3). In the matched cohort, the low CVP
group had a lower 28-day mortality (19.4% vs. 34.7%) (OR:
0.454; 95% CI: 0.263, 0.771), and lower initial CVP levels.
In addition, the high CVP group had more patients with a
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Table 1 Comparison of the clinical information between the original and matched cohorts

Original cohort Missing Matched cohort
Covariate o,
All High-CVP Low-CVP  SsSMD (%) All High-CVP Low-CVP  SSMD
n 1,377 449 928 - - 288 144 144 -
Death_28 d (%) 405 (29.4) 188 (41.9) 217 (23.4) 0402 0 78 (27.1) 50 (34.7) 28(19.4)  0.349
Gender (female) 618 (44.9) 206 (45.9) 412 (444 003 O 139 (48.3) 75 (52.1) 64 (44.4)  0.153

(%)
Age, median [IQR] 66.00 [56.00, 63.00[54.00, 68.00[57.00, 0.275 0 64.50 [56.00, 64.50[56.00, 64.50[55.75, 0.058

78.00] 74.00] 79.00] 77.00] 77.00] 77.00]
Height, median ~ 170.00 [163.00, 168.00 [160.00, 170.00 [163.00, 0.099 37  170.00 [163.00, 168.00 [160.00, 170.00 [165.00, 0.211
[IQR] 178.00] 178.00] 178.00] 178.00] 178.00] 178.00]
Weight, median ~ 83.00[69.85, 91.00[75.80, 80.00[67.10, 0.44 7  8550[72.50, 88.35[73.10, 84.20([71.70, 0.156
[IQR] 100.00] 107.65] 96.00] 102.00] 105.20] 100.70]
Sofa, median 4.00[3.00,  4.00[3.00, 4.00[3.00, 0212 0 4.00[3.00,  4.00[3.00,  4.00[3.00, 0.0
[IQR] 6.00] 7.00] 6.00] 7.00] 6.00] 7.00]
GCS Score, 15.00[13.00, 15.00[14.00, 15.00[13.00, 0.043 0  15.00[13.00, 15.00[14.00, 15.00[13.00, 0.115
median [IQR] 15.00] 15.00] 15.00] 15.00] 15.00] 15.00]
Charlson Score, ~ 6.00[4.00,  6.00[4.00,  6.00[5.00, 0.044 0 6.00[4.00,  6.00[4.00,  6.00[4.00, 0.093
median [IQR] 8.00] 8.00] 8.00] 8.00] 8.00] 8.00]

Comorbidities

CKD (%) 344 (25.0) 116 (25.8) 228 (24.6)  0.029 0 69 (24.0) 34 (23.6) 35 (24.3) 0.016
Congestive heart 153 (11.1) 47 (10.5) 106 (11.4)  0.031 0 37 (12.8) 17 (11.8) 20 (13.9) 0.062
failure (%)
Atrial fibrillation 358 (26.0) 141 (31.4) 217 (23.4)  0.181 0 82 (28.5) 39 (27.1) 43(29.9)  0.062
(%)
Chronic liver 241 (17.5) 82 (18.3) 159 (17.1) 0.03 0 42 (14.6) 18 (12.5) 24 (16.7) 0.118
disease (%)
COPD (%) 195 (14.2) 81(18.0) 114 (12.3)  0.161 0 53 (18.4) 24 (16.7) 29 (20.1) 0.09
CCS (%) 226 (16.4) 78 (17.4) 148 (15.9)  0.038 0 41 (14.2) 27 (18.8) 14 (9.7) 0.261
Hypertension 104 (7.6) 23 (5.1) 81 (8.7) 0.142 0 15 (5.2) 8 (5.6) 7 (4.9 0.031
(%)
Diabetes (%) 461 (33.5) 166 (37.0) 295 (31.8)  0.109 0 104 (36.1) 61 (42.4) 43 (29.9) 0.262
Stroke (%) 72 (5.2) 18 (4.0) 54 (5.8) 0.084 0 14 (4.9) 7 (4.9) 7 (4.9) <0.001
Malignancy (%) 330 (24.0) 94 (20.9) 236 (25.4)  0.107 0 68 (23.6) 39 (27.1) 29 (20.1) 0.164
Heart rate, median 112.00 [97.00, 118.00 [101.00, 110.00 [95.00, 0.244 0 115.00[100.00, 115.00 [101.00, 114.00 [97.00, Vital
[IQR] 128.00] 132.00] 125.00] 130.00] 129.00] 130.00] signs
Temperature (°C), 37.50[37.00, 37.56[37.00, 37.44[37.06, 0.084 2 37.56 [37.06, 37.60[37.00, 37.47[37.07, 0.026
median [IQR] 38.22] 38.33] 38.11] 38.22] 38.22] 38.22]
CVP, median [IQR] 11.00[8.06, 16.25[14.00, 9.21([7.07, 2.045 0 13.34 [12.10, 13.00([11.45, 13.57[12.35, 0.508
14.69] 19.00] 11.42] 14.23] 13.93] 15.03]
MAP, median 57.00[49.00, 56.00 [48.00, 57.00[50.00, 0.128 0 57.00[50.00, 57.00[51.00, 57.00[49.50, 0.051
[IQR] 63.00] 62.00] 63.00] 62.00] 61.00] 63.00]

Table 1 (continued)
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Matched cohort

Original cohort Missing
Covariate o
All High-CVP Low-CVP  SSMD (%) All High-CVP Low-CVP  SSMD
Laboratory tests
WBC, median 13.70 [9.20, 14.25 [9.40, 13.50 [9.05, 0.052 3 14.00 [10.10, 14.90[10.40, 12.95[9.40, 0.002
[IQR] 19.90] 21.45] 19.30] 21.70] 22.30] 21.15]
Hemoglobin, 9.60 [8.50, 9.60 [8.50, 9.60 [8.50, 0.049 3 9.60 [8.60, 9.50 [8.60, 9.80[8.60, 0.208
median [IQR] 10.90] 11.10] 10.80] 11.10] 10.70] 11.50]
Platelet, median 149.00 [82.00, 153.00 [83.00, 146.00 [82.00, 0.033 3 154.00 [87.50, 165.00[97.00, 135.00 [81.50, 0.213
[IQR] 232.75] 224.50] 235.00] 239.50] 240.00] 235.75]
ALB, median 2.70 [2.30, 2.70 [2.30, 2.60[2.30, 0.068 53 2.60 [2.30, 2.50 [2.20, 2.60[2.30, 0.171
[IQR] 3.00] 3.10] 3.00] 3.00] 3.00] 3.10]
Tbil, median 1.50 [0.60, 1.65 [0.80, 1.40[0.60, 0.166 32 1.60 [0.70, 1.60 [0.80, 1.45[0.70, 0.044
[IQR] 4.00] 5.40] 3.70] 4.00] 3.80] 4.03]
Cre, median 1.70[1.00, 2.00 [1.30, 1.50 [0.90, 0.26 1 1.80[1.10, 1.70[1.20, 2.10[1.10, 0.069
[IQR] 2.90] 3.30] 2.60] 3.00] 2.90] 3.10]
Bun, median 34.00 [21.50, 38.00[23.00, 32.00[21.00, 0.212 1 35.00 [23.00, 34.00[22.50, 36.50[24.25, 0.105
[IQR] 52.00] 58.00] 49.00] 53.00] 52.00] 56.00]
Lactate, median  2.50 [1.50, 3.15[1.70, 230([1.42, 0365 27 3.10[1.60, 3.40[1.50, 3.00[1.72, 0.194
[IQR] 4.70] 5.73] 4.38] 5.20] 5.30] 5.00]
P/F, median 116.00 [77.00, 90.53 [67.00, 131.83[86.00, 0.456 25 102.93 [73.00, 94.29[71.00, 108.00[74.00, 0.125
[IQR] 182.00] 148.00] 194.75] 164.00] 150.98] 170.00]
PCO,, median 44.00 47.00 43.00 0.311 2 47.00 48.00 45.00 0.119
[IQR] [37.00, 51.00] [39.00, 55.00] [37.00, 49.00] [39.00, 54.00] [40.00, 55.00] [37.00, 53.00]
Troponin (tested) 574 (41.8) 217 (48.4) 357 (38.6) 0.2 0 124 (43.4) 68 (47.6) 56 (39.2) 0.17
(%)
BNP (tested) (%) 88 (6.4) 34 (7.6) 54 (5.8) 0.07 0 22 (7.7) 11(7.7) 11(7.7) <0.001
Creatinine 743 (54.1) 273 (60.9) 470 (50.8)  0.206 0 162 (56.6) 86 (60.1) 76 (53.1) 0.141
kinase (tested)
(%)
Interventions
CRRT (%) 81 (5.9) 39 (8.7) 42 (4.5) 0.168 0 20 (7.0) 7 (4.9 13(9.1) 0.165
Mechanical 695 (50.5) 232 (51.7) 463 (49.9) 0.036 0 156 (54.2) 71 (49.3) 85 (59.0) 0.196
ventilation (%)
Vasopressor (%) 533 (38.7) 202 (45.0) 331 (35.7) 0.191 0 124 (43.1) 64 (44.4) 60 (41.7) 0.056
Sedation (%) 568 (41.2) 183 (40.8) 385(41.5) 0.015 0 118 (41.0) 59 (41.0) 59 (41.00  <0.001
Analgesia (%) 589 (42.8) 191 (42.5) 398 (42.9)  0.007 0 114 (39.6) 57 (39.6) 57 (39.6)  <0.001

CS, Glasgow Coma Scale; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CCS, chronic ischemic heart
disease; CVP, central venous pressure; SSMD, standardized mean difference; MAP, mean arterial pressure; WBC, white blood cell; ALB,
albumin; Tbil, total bilirubin; Cre, creatinine; Bun, blood urea nitrogen; BNP, brain natriuretic peptide; CRRT, continuous renal replacement

therapy.
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Figure 3 The relationship between SMD and 39 covariates before and after the propensity score matching model. Cvp, central venous

pressure; Pf, oxygenation index; Cre, creatinine; Hr, heart rate; Bun, blood urea nitrogen; Sofa, Sequential Organ Failure Assessment;

Ck, creatinine kinase; Tn, troponin; Af, atrial fibrillation; Crrt, continuous renal replacement therapy; Thil, total bilirubin; Copd, chronic

obstructive pulmonary disease; Map, mean arterial pressure; T, temperature; Bnp, brain natriuretic peptide; Alb, Albumin; Whbe, white blood

cell; Hb, hemoglobin; Ges, Glasgow Coma Scale Score; Ccs, chronic ischemic heart disease; Vt, mechanical ventilation; Plt, platelet; Chf,

congestive heart failure; CIf, chronic liver disease; Ckd, chronic kidney disease; SMD, standardized mean difference.

history of chronic coronary syndrome (CCS) [27 (18.8%) vs.
14 (9.7%)] and diabetes mellitus [61 (42.4%) vs. 43 (29.9%)].

Sensitivity analysis

In the matched cohort, most of the weighted variables had
been balanced between the two groups. Only three variables
remained: history of CCS before admission, history of
diabetes mellitus, and CVP level. A regression model was
developed to adjust for these unbalanced covariates on the
weighted cohort in a doubly robust estimation framework.
After correction for confounders, low CVP was identified
as an independent protective factor for patient prognosis
(P<0.05, OR: 0.434; 95% CI: 0.244, 0.757).

Using the propensity score method, the propensity score
IPW was used to standardize the differences between these
two cohorts (20). Low CVP was also a protective factor for
patient prognosis in the IPW model (P<0.05, OR: 0.547;
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95% CI: 0.454, 0.658).

In addition, low CVP was also found to be an
independent protective factor for patient prognosis in a
multifactorial regression of the original cohort (P<0.05,
OR:0.352;95% CI: 0.127, 0.932).

The above method of analysis revealed a very significant
result, with the two groups showing a significant difference
in mortality. The propensity score-matched mortality rates
for the upper and lower CVP groups were 41.9% wvs. 23.4%.
As shown in Figure 4, the same conclusion was reached by
four statistical methods. Lower CVP is a protective factor
affecting the prognosis of this group of patients.

Discussion

The advent of electronic databases has made it possible to
conduct more retrospective studies (21). In an era when
patient information was not available electronically, the
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95% ClI
Method OR Lower Upper
Mutvariate 0852 0127 0932
Proensity score matching  0.454 0.263 0.771
Proensity score IPW 0.547 0.454 0.658
Double robust analysis 0.434 0.244 0.757
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Figure 4 Primary outcome analysis with different models: multivariate logistic regression model propensity score matching model,

propensity score IPW model, and double robust analysis. CI, confidence interval; OR, odds ratio; IPW, inverse probability weighting.

absence of laboratory results, vital signs, and untimely
observation of patient outcomes were barriers to
retrospective analyses. By using electronic databases, patient
information is retained and patient privacy is well protected
through appropriate means. The sheer volume and richness
of the data has helped considerably in the development of
more comprehensive studies.

At present, various high-end medical devices are playing
an increasingly important role in the ICU wards, to the
benefit of many patients. A variety of organ support and
replacement strategies have provided valuable time for the
recovery of organ function in critically ill patients, and
have also made possible the recovery of organ function in
numerous diseases with serious complications, such as sepsis
and other affected organs (22).

CVP monitoring has long been an important indicator
in ICU wards (23), perhaps because people are accustomed
to accepting the long-standing perception of CVP, and
therefore, directly taken the view that higher levels of CVP
affect organ perfusion pressure when faced with critical
conditions such as sepsis as granted. According to current
Sepsis and KDIGO guidelines, SA-AKI has corresponding
diagnostic and grading criteria, and the impact of CVP
levels on SA-AKI, as a life-threatening and important
complication, should be clarified.

In this study, we analyzed data on basic information,
past medical history, vital signs, laboratory tests, and
interventions in patients with SA-AKI, and concluded that
lower levels of CVP were independently associated with
decreased mortality in these patients. In addition, patients
in the high CVP group tends to have previous CCS (18.8%
vs. 9.7%) and diabetic (42.4% vs. 29.9%) , considering that
patients with chronic slow coronary syndrome and diabetic
patients have poorer vascular conditions and are less able to

© Annals of Translational Medicine. All rights reserved.

regulate the hemodynamic changes produced by sepsis (24).
As a result, it is also consistent with the finding that the high
CVP group had higher mortality. The vital signs in this
study were selected as the mean of the 24-hour values before
and after the diagnosis of sepsis. Notably, the mean CVP
level in the high CVP group was slightly lower than that in
the low CVP group, which may be related to the low CVP
level at the time of ICU admission in this group of patients,
as the CVP was not yet at a very high level at the time of
ICU admission. Therefore, the prime CVP was ignored
during the subsequent treatment,thus follow-up changes
in CVP can lead to imparied organ function damage (25),
leading to a higher mortality rate in patients with low levels
of CVP at the time of transfer instead. In contrast, patients
with higher CVP levels at the time of transfer may have a
better prognosis due to the proper control of hemodynamic
indices and the avoidance of further organ damage (26).
The limitations of this study are that there were more
missing CVP values in the 1,377 included patients, which
may have had some impact on the results. Also, this study
used the Sepsis 3 diagnostic criteria, and the diagnosis of
sepsis is currently still clinically dependent, which may also
have had an impact on the results. Thus, further studies are
still needed to explore this.

Although the pathogenesis of sepsis remains to be
explored, mitigating the organ damage associated with
its complications is also an important part of sepsis
treatment (27). In the absence of effective treatments, we
have to rely on early detection of early sepsis patients who
have not yet progressed to a severe state as well as early
control of factors that may be associated with exacerbation
of the disease, thereby saving organ function. Although
control of CVP levels is a proven therapeutic measure (28),
it may often be overlooked in clinical work because of
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the poor circulatory status of septic patients (29), and the
depletion of the organism by a severe infectious state makes
the systemic hemodynamic status more difficult to control.
However, in clinical work, attention should still be paid to
CVP, in addition to prioritizing the protection of organ
function and the reduction of microcirculatory afterload.

This study has some limitations. First, it is a retrospective
study and several biases, including selection bias, should
be considered. Second, data were recorded in a long study
period; clinical practice is evolving quickly and older
management strategies may be different from current
practices. Third, lower breakpoints of CVP are usually
considered in standard clinical practice and findings cannot
be generalized for CVP of 10 cmH,O or lower. Lastly,
due to the limitation of the database, there is no contents
about some important variables such as echography
associated with these patients; thus lower cava diameter
was not be measured in our study and the timing of RRT
was not explored in the research either due to the same
reason. Therefore, CVP alone cannot be extrapolated to
make decisions at the bedside. In patients with high CVP,
it is needed to rule out right heart dysfunction. That is
common in diabetes & cardiomyopathy. Data were not
adjusted for these two confounding variables. High CVP
with cava dilation is cardio-renal type III AKI and requires
urgent RRT. Need to differentiate from high CVP with
cava diameter normal, which requires vasoactive agents in
clinical practice.

Conclusions

In summary, lower CVP levels are an independent
protective factor affecting patient prognosis in patients with
SA-AKI. In patients with high CVP, it is needed to rule out
cardiac dysfunction and lower cava diameter needs to be
measured with echography to guide clinical management.
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