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Abstract 23 

Background: Given the traditional acceptance of higher central venous pressure (CVP) 24 

levels, clinicians ignore the incidence of acute kidney injury (AKI). The objective of 25 

this study is to assess whether elevated CVP is associated with increased AKI in 26 

critically ill patients with multiple comorbidities. 27 

Methods: This was a retrospective observational cohort study using data collected from 28 

Medical Information Mart for Intensive Care (MIMIC-III) open-source clinical 29 

database (version 1.4). Critically ill adult patients with CVP and serum creatine 30 

measurement records were included. Linear and multivariable logistic regression were 31 

performed to determine the association between elevated CVP and AKI. 32 

Results: A total of 11135 patients were enrolled in our study. Critically ill patients in 33 

higher quartiles of mean CVP presented greater KDIGO AKI severity stages in 2 and 7 34 

days. Linear regression showed CVP quartile was positively correlated with the 35 

incidence of AKI within 2 (R2=0.989, P=0.005) and 7 days (R2=0.990, P=0.004). 36 

Furthermore, patients in the highest quartile of mean CVP had a higher risk of AKI in 37 

7 days compared with those in the lowest quartile of mean CVP, with an OR of 2.21 38 

(95% CI: 1.85-2.65) after adjusting for demographics, treatments and comorbidities. 39 

The adjusted odds of AKI were 1.07 (95% CI: 1.06-1.09) per 1 mmHg increase in mean 40 

CVP. 41 

Conclusions: Elevated CVP is associated with an increased risk of AKI in critically ill 42 

patients with multiple comorbidities. The optimal CVP should be personalized and kept 43 

at a low level to avoid AKI in critical care settings. 44 



 3 

Keywords: central venous pressure, acute kidney injury, KDIGO stage, critically ill 45 

patients  46 

 47 

Introduction 48 

AKI is a common complication in critically ill patients and has high morbidity and 49 

mortality [1]. Systemic and renal perfusion noticeably determines the development of 50 

AKI. However, optimal hemodynamic indicators of the risk of AKI have not been 51 

identified [2]. Although elevated fluid volume improves renal perfusion, aggressive 52 

fluid loading may lead to elevated CVP. Given the traditional acceptance of higher CVP 53 

levels [3, 4], clinicians ignore elevated CVP, and the incidence of AKI is potentially 54 

interlaced. 55 

CVP, a local hemodynamic parameter, reflects intravascular volume and is 56 

determined by the interaction between venous return and cardiac function [5].Therefore, 57 

CVP is usually used for bedside assessment of volume status and responsiveness in 58 

critically ill patients [6]. Nonetheless, the validity of CVP in critical care settings has 59 

recently been challenged [7]. Based on the rationale provided by the Starling curves 60 

and Guyton theory on cardiac function [8], elevated CVP may impede venous return to 61 

the heart and disturb microcirculatory blood flow, harming organ function, which 62 

contributes to a poor prognosis. However, in critically ill patients with multiple 63 

comorbidities including sepsis, heart failure, arrhythmias, hypertension, diabetes or 64 

others, the association between elevated CVP and AKI remains unclear. 65 

Until recently, studies have shown inconsistent conclusions about the association 66 
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of CVP and AKI in critically ill patients [9-11]. Herein, we sought to characterize the 67 

association of elevated CAP and AKI in critical care settings by using the large, public, 68 

deidentified clinical database MIMIC-III [12]. Specifically, we hypothesized that 69 

elevated CVP is associated with an increased incidence of AKI in critically ill patients 70 

with multiple comorbidities. 71 

 72 

Methods 73 

Study design  74 

The study is a large-scale, single-center, retrospective cohort study. The overall research 75 

workflow is depicted in Fig. 1, including patient selection, data extraction, statistical 76 

analysis and conclusion. A brief description is as follows. We selected the ill critically 77 

patients from the database based on the inclusion and exclusion criteria. CVP and 78 

creatine records were then extracted from the patients selected. Next, the linear and 79 

logistical regression analysis was used to determine the association CVP and AKI. 80 

Finally, we draw a conclusion that elevated CVP is associated with an increased risk of  81 

AKI in critically ill patients with multiple comorbidities.  82 
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 83 

Fig. 1. Workflow and major findings of this study. ICU, intensive care unit; CVP, 84 

central venous pressure; AKI, acute kidney injury. 85 

 86 

Data Source 87 

We conducted a large-scale, single-center, retrospective cohort study using data 88 

collected from the MIMIC-III open source clinical database (version 1.4), which was 89 

developed and maintained by the Massachusetts Institute of Technology, Philips 90 

Healthcare, and Beth Israel Deaconess Medical Center [12]. One author (Qi Guo) 91 

obtained access to the database and was responsible for data extraction (certification 92 

number: 25233333). Information derived from the 61532 electronic medical records of 93 

critically ill patients admitted to intensive care units (ICUs) between 2001 and 2012 94 

was included in this free, accessible database. The database was approved for research 95 

use by the Institutional Review Boards of the Massachusetts Institute of Technology 96 

and Beth Israel Deaconess Medical Center, and studies using the database are granted 97 
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a waiver of informed consent. 98 

Patients 99 

All patients in the database were screened according to the following inclusion criteria 100 

for this study: (1) adults (³18 years of age at ICU admission) with complete medical 101 

records including available CVP and serum creatine measurement records; (2) ICU stay 102 

³24 h; and (3) continuous CVP monitoring for ³24 h. For patients with multiple ICU 103 

stays, only the data for the first stay were considered. 104 

Day 1 ICU measurement records were extracted. Other variables included age, sex, 105 

weight, blood pressure and admission illness scores (the Simplified Acute Physiology 106 

Score (SAPS) [13] and the Sequential Organ Failure Assessment (SOFA) score) [14]. 107 

Moreover, data on the use of vasopressors, sedatives, mechanical ventilation, and 108 

diuretics, and comorbidities, including sepsis, chronic heart failure (CHF), arrhythmias, 109 

hypertension, diabetes, renal failure and cancer, were extracted from the database. The 110 

comorbidities were determined from the International Classification of Disease, 9th 111 

Edition, Clinical Modification (ICD-9-CM) codes. 112 

Exposure 113 

The primary exposure was the mean CVP during the first 24 h after ICU admission. We 114 

divided the mean CVP into four levels according to interquartile range as follows: 115 

Quartile 1, CVP ≤ 8.25 mmHg; Quartile 2, 8.25 < CVP ≤ 10.67 mmHg; Quartile 3, 116 

10.67 < CVP ≤ 13.37 mmHg; and Quartile 4, CVP > 13.37 mmHg. 117 

Outcomes 118 



 7 

The primary outcome was the odds of 2-day and 7-day AKI after ICU admission. We 119 

defined AKI by serum creatine based on the KDIGO criteria[15] and categorized AKI 120 

as Stage 1 if there was a 1.5-<2x increase from baseline, a 0.3 mg/dL increase within 121 

48 h or a urine output < 0.5 ml/kg/h for 6-12 h. Stage 2 was when there was a 2- <3x 122 

increase from baseline or a urine output < 0.5 ml/kg/h for ³12 h, and Stage 3 was when 123 

there was a ³ 3x increase from baseline or an increase ³ 4.0 mg/dL or urine output < 124 

0.3 ml/kg/h for ³24 h. The first serum creatine measured on ICU day 1 was the 125 

“baseline”. 126 

Statistical analysis 127 

Normally distributed continuous variables are presented as the mean ± standard 128 

deviation, while nonnormally distributed data are presented as the median (IQR, 129 

interquartile range). Categorical variables are presented as numbers (percentages). 130 

Baseline characteristics were stratified by quartiles of mean CVP during the first 24 h 131 

after ICU admission. Baseline data were compared using the analysis of variance test 132 

or rank-sum test, as appropriate, for categorical variables, and the chi-square test was 133 

used for categorical variables. We performed linear and logistic regression to compute 134 

odds ratios (ORs) for the association of mean CVP with the odds of AKI. Adjusted 135 

variables included age, male sex, weight, cardiac surgery recovery unit (CSRU), 136 

ventilation use, vasopressor use, sedative use, diuretic use, SAPS score, SOFA score, 137 

sepsis, CHF, arrhythmias, hypertension, diabetes, renal failure, cancer, systolic blood 138 

pressure (SBP), and diastolic blood pressure (DBP). 139 

All statistical analyses were performed by using SPSS 23.0 SPSS software (V.23.0, 140 
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IBM, New York, USA) and R software (version 3.6.3; R Foundation for Statistical 141 

Computing, Vienna, Austria). Any P < 0.05 was considered statistically significant. 142 

 143 

Results 144 

Baseline characteristics 145 

Among the 61532 ICU admissions in the MIMIC-III v1.4 database, 11135 patients were 146 

enrolled in our study based on the inclusion and exclusion criteria in the Methods 147 

section, as illustrated in Fig. 1. The number of patients in each quartile of the first 24 h 148 

mean CVP was approximately 2780. The mean (±SD) CVP in each quartile was 6.4±1.4 149 

mmHg, 9.5±0.7 mmHg, 12.0±0.8 mmHg, and 16.6±3.7 mmHg in the lowest to highest 150 

quartiles, respectively. Interestingly, patients in the highest quartile of mean CVP 151 

presented the greatest weight and highest SAPS and SOFA scores. Furthermore, 152 

patients with the highest quartile of mean CVP were likely to be treated with 153 

vasopressors and diuretics and more likely to have comorbidities of sepsis, CHF, 154 

arrhythmia, hypertension and renal failure (Table 1). 155 

Table 1. Characteristics of the enrolled subjects by CVP quartiles 156 

 CVP  

Variables Quartile 1 Quartile 2 Quartile 3 Quartile 4 P 

n 2789 2781 2783 2782  

CVP, mmHg 6.4±1.4 9.5±0.7 12.0±0.8 16.6±3.7 <0.001 

Age, years 64.8±15.2 65.5±14.1 65.9±13.6 64.1±14.4 <0.001 

Male 1709 (61.3) 1781 (64.0) 1703 (61.2) 1650 (59.3) 0.004 

Weight, kg 76.3±22.1 81.7±18.6 85.2±21.0 90.4±15.1 <0.001 

SBP, mmHg 116.4±14.2 113.9±12.5 112.7±12.2 110.8±12.8 <0.001 
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DBP, mmHg 57.7±8.8 57.7±7.8 57.1±7.7 58.2±8.5 0.016 

SAPS 20.0 (17.0-22.0) 20.0 (17.0-23.0) 20.0 (18.0-23.0) 21.0 (18.0-25.0) <0.001 

SOFA 4.0 (3.0-6.0) 5.0 (3.0-7.0) 5.0 (4.0-8.0) 7.0 (5.0-10.0) <0.001 

CSRU 1308 (46.9) 1644 (59.1) 1625 (58.4) 1296 (46.6) <0.001 

Treatment     

Vasopressors 1544 (55.4) 1897 (58.2) 2023 (72.7) 2103 (75.6) <0.001 

Sedatives 1976 (70.8) 2225 (80.0) 2310 (83.0) 2264 (81.4) <0.001 

Ventilation 2104 (75.4) 2342 (84.2) 2438 (87.6) 2411 (86.7) <0.001 

Diuretics 199 (7.1) 297 (10.7) 356 (12.8) 414 (14.9) <0.001 

Comorbidities      

Sepsis 770 (27.6) 729 (26.2) 812 (29.2) 1258 (45.2) <0.001 

CHF  275 (9.9) 243 (8.7) 287 (10.3) 417 (15.0) <0.001 

Arrhythmias 287 (10.3) 248 (8.9) 287 (10.3) 423 (15.2) <0.001 

Hypertension 167 (6.0) 200 (7.2) 209 (7.5) 286 (10.3) <0.001 

Diabetes 680 (24.4) 823 (29.6) 885 (31.8) 864 (31.1) <0.001 

Renal failure 214 (7.7) 245 (8.8) 256 (9.2) 378 (13.6) <0.001 

Cancer 140 (5.0) 82 (2.9) 71 (2.6) 76 (2.7) <0.001 

Normally distributed continuous variables are presented as the mean ± standard 157 

deviation, while nonnormally distributed data are presented as the median (IQR, 158 

interquartile range). Differences in continuous variables were tested using analysis of 159 

variance or the rank-sum test as appropriate. Categorical variables were presented as 160 

numbers (percentages) and tested by the chi-square test. Quartile 1, CVP ≤ 8.25 mmHg; 161 

Quartile 2, 8.25 < CVP ≤ 10.67 mmHg; Quartile 3, 10.67 < CVP ≤ 13.37 mmHg; 162 

Quartile 4, CVP > 13.37 mmHg. CVP, central venous pressure; CSRU, cardiac surgery 163 

recovery unit; SAPS, simplified acute physiology score; SOFA, Sequential Organ 164 

Failure Assessment; CHF, congestive heart failure; SBP, systolic blood pressure; DBP, 165 

diastolic blood pressure. P < 0.05 was considered significant. 166 

Elevated central venous pressure and acute kidney injury outcome in 2 days and 167 

7 days 168 



 10 

During the first 2 days and 7 days, 8544 and 9289 patients had AKI, respectively. The 169 

incidence of AKI in 2 days was higher among patients with higher CVP, ranging from 170 

64.6% in patients with a mean CVP ≤ 8.25 mmHg (Quartile 1) to 87.2% in patients 171 

with a mean CVP > 13.37 mmHg (Quartile 4). A similar trend was detected between 172 

the incidence of AKI in 7 days and the mean CVP (Table 2). Moreover, patients in the 173 

higher quartiles of mean CVP presented greater KDIGO AKI severity stages in 2 days 174 

and 7 days (Table 2 and Fig. 2). Additionally, linear regression showed that CVP 175 

quartile was positively correlated with the incidence of AKI in 2 days (R2=0.989, 176 

P=0.005) and 7 days (R2=0.990, P=0.004) (Fig. 2). 177 

Table 2. Incidence of AKI within 2 or 7 days according to CVP on ICU day 1 178 

 CVP  

 Quartile 1 Quartile 2 Quartile 3 Quartile 4 P 

AKI in 2 days      

AKI (n, %) 1802 (64.6) 2067 (74.3) 2248 (80.8) 2427 (87.2) <0.001 

Stage 1 (n, %) 620 (22.2) 692 (24.9) 597 (21.5) 509 (18.3) <0.001 

Stage 2 (n, %) 917 (32.9) 1110 (39.9) 1244 (44.7) 1159 (41.7) <0.001 

Stage 3 (n, %) 265 (9.5) 265 (9.5) 407 (14.6) 759 (27.3) <0.001 

AKI in 7 days      

AKI (n, %) 2050 (73.5) 2257 (81.2) 2422 (87.0) 2560 (92.0) <0.001 

Stage 1 (n, %) 666 (23.9) 715 (25.7) 595 (21.4) 441 (15.9) <0.001 

Stage 2 (n, %) 1030 (36.9) 1176 (42.3) 1309 (47.0) 1209 (43.5) <0.001 

Stage 3 (n, %) 354 (12.7) 366 (13.2) 518 (18.6) 910 (32.7) <0.001 

Categorical variables are presented as numbers (percentages) and tested by the chi-179 

square test. KDIGO stage represents the severity of AKI according to the baseline 180 

measurement and the increase in serum creatinine or urine output. KDIGO Stage 1 is 181 

defined as a low severity of AKI, Stage 2 is defined as medium severity AKI, and Stage 182 
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3 is defined as high severity AKI. Quartile 1, CVP ≤ 8.25 mmHg; Quartile 2, 8.25 < 183 

CVP ≤ 10.67 mmHg; Quartile 3, 10.67 < CVP ≤ 13.37 mmHg; Quartile 4, CVP > 13.37 184 

mmHg. Quartile 1, CVP ≤ 8.25 mmHg; Quartile 2, 8.25 < CVP ≤ 10.67 mmHg; Quartile 185 

3, 10.67 < CVP ≤ 13.37 mmHg; Quartile 4, CVP > 13.37 mmHg. CVP, central venous 186 

pressure; AKI, acute kidney injury. P < 0.05 was considered significant. 187 

 188 

 189 

Fig. 2. Proportion of AKI patients in different CVP quartiles and correlation 190 

between quartile CVP and AKI. Proportion of patients with different AKI severity 191 

stages were shown in each group with different CVP quartiles. Linear regression was 192 

used to evaluate the association between AKI and CVP. AKI, acute kidney injury; CVP, 193 

central venous pressure. P < 0.05 as significance. 194 

 195 

We further performed a logistic regression analysis to determine the association 196 

between quartiles of mean CVP and AKI outcomes in 7 days. For the crude model, 197 

patients in higher quartiles of mean CVP had a greater incidence of AKI in 7 days than 198 

those in the lowest quartile of mean CVP, ranging from OR =1.55 (95% CI: 1.37-1.76) 199 

to OR=4.16 (95% CI: 3.54-4.88). After adjusting for age, male sex, weight, CSRU, 200 
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ventilation status, vasopressor use, sedative use, diuretic use, SAPS, SOFA score, sepsis, 201 

CHF, arrhythmias, hypertension, diabetes, renal failure, cancer, SBP, and DBP, the 202 

mean CVP quartile remained a significant predictor of AKI in 7 days, as shown in Fig. 203 

3. Furthermore, the odds of AKI were 1.15 (95% CI: 1.13-1.17) times higher per 1 204 

mmHg increase in mean CVP. After adjusting for demographics, treatments and 205 

comorbidities, the odds of AKI was 1.07 (95% CI: 1.06-1.09). 206 

 207 

Fig. 3. Odds ratios for AKI within 7 days associated with quartile CVP in critically 208 

ill patients. Odds ratios (95% CI) were showed to evaluate the association between 209 

CVP and AKI by both crude and adjusted logistic regression model. For categorical 210 

variable, odds ratios (95% CI) were calculated compared with the lowest quartile. For 211 

continuous variable, odds ratios (95% CI) corresponded to per 1 mmHg increase of 212 

CVP. Adjusted variables included age, male, weight, CSRU, ventilation, vasopressor, 213 

sedative, diuretic, SAPS, SOFA, sepsis, CHF, arrhythmias, hypertension, diabetes, 214 

renal failure, Cancer. CVP, central venous pressure; AKI, acute kidney injury; CSRU, 215 

cardiac surgery recovery unit; SAPS, simplified acute physiology score; SOFA, 216 

sequential organ failure assessment; CHF, congestive heart failure; SBP, systolic blood 217 

pressure; DBP, diastolic blood pressure; CI, confidence interval. P < 0.05 as 218 
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significance. 219 

Subgroup analysis by demographics, treatments and comorbidities 220 

Next, we determined the association between mean CVP and AKI in subgroups of 221 

patients with an older age, low SBP and a history of cardiac surgery, patients treated 222 

with vasopressors, diuretics and ventilation, and patients with CHF and sepsis as 223 

comorbidities. Our data showed that CVP in all 11135 subjects was positively 224 

correlated with AKI (Fig.4a). Additionally, 6079 elderly patients (age ³ 65 years) had 225 

higher odds of AKI when the mean CVP was more than 11 mmHg than when the mean 226 

CVP=5 mmHg (Fig.4b). Moreover, 5008 subjects with SBP £ 110 mmHg and higher 227 

mean CVPs had higher odds of AKI (Fig. 4c). Additionally, a higher mean CVP 228 

(approximately CVP > 10 mmHg for diuretics and CVP> 8 mmHg for vasopressors) 229 

suggested a higher incidence of AKI in patients treated with diuretics, vasopressors or 230 

ventilation (Fig. 4d & 4e & 4f). However, in subjects with CHF, mean CVP was not 231 

correlated with AKI (Fig. 4h). Nevertheless, an elevated mean CVP was positively 232 

correlated with the incidence of AKI in patients with sepsis (approximately CVP > 12 233 

mmHg) and a history of cardiac surgery (Fig. 4g & 4i). 234 
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  235 

Fig. 4. Odds ratios and 95% CI for AKI within 7 days associated with CVP in 236 

subgroups. Odds ratios (solid line) and 95% CI (gray area) for AKI associated with 237 

CVP in (a) Overall subjects. (b) Subgroup with age > 65 years. (c) Subgroup with 238 

SBP < 110 mmHg. (d) Subgroup with use of diuretics. (e) Subgroup with use of 239 

vasopressors. (f) Subgroup with use of ventilation. (g) Subgroup with sepsis. (H) 240 

Subgroup with CHF. (i) Subgroup in CSRU. Results were calculated by adjusted 241 

restricted cubic spline model with a reference of CVP on 5 mmHg (dotted line). 242 

Adjusted variables included age, male, weight, CSRU, ventilation, vasopressor, 243 

sedative, diuretic, SAPS, SOFA, sepsis, CHF, arrhythmias, hypertension, diabetes, 244 

renal failure, Cancer, SBP, and DBP. CVP, central venous pressure; AKI, acute kidney 245 

injury; CSRU, cardiac surgery recovery unit; SAPS, simplified acute physiology score; 246 

SOFA, sequential organ failure assessment; CHF, congestive heart failure; SBP, systolic 247 

blood pressure; DBP, diastolic blood pressure; CI, confidence interval. 248 

  249 
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Discussion 250 

To our knowledge, this study is the first study to evaluate the association between 251 

elevated CVP and AKI in critically ill patients with multiple comorbidities from a large-252 

scale, public, deidentified clinical database (MIMIC-III). The three principal findings 253 

are summarized as follows: (1) Elevated mean CVP is associated with an increased risk 254 

of AKI in critically ill patients; (2) A 1 mmHg elevation in CVP increases the odds of 255 

AKI in critically adult patients; (3) In critically ill patients with an older age, low SBP, 256 

a history of treatment with diuretics, vasopressors and ventilation, or comorbidities of 257 

sepsis and cardiac surgery, the mean CVP level remained a significant predictor of AKI. 258 

Clinicians use CVP as a measure of venous congestion in critically ill patients. 259 

Indeed, CVP has been censured as an unusable measurement of venous congestion 260 

because of other variables that can alter its value, including the relative height of the 261 

intravenous catheter to that of the barometer, artificial ventilation patterns, and changes 262 

in cardiac performance [16]. Despite the valid criticism, CVP is a potentially admirable 263 

measure of venous congestion when we recognize its fluctuations due to the above 264 

variables [17]. 265 

The association between CVP and AKI has been determined previously,[18] and 266 

higher CVP is associated with poorer kidney function [9, 11, 19]. However, these 267 

findings were restricted to patients receiving diuretics, undergoing cardiac surgery and 268 

experiencing heart failure. Therefore, the association between elevated CVP and AKI 269 

remains unclear in overall critically ill patients after adjustment for demographics, 270 

treatments and comorbidities. A healthy individual has a low CVP (0-2 mmHg) [20]. 271 
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Legrand et al. found a linear relationship between CVP and the incidence of AKI [21], 272 

and a meta-analysis demonstrated that a 1 mmHg increase in CVP increases the odds 273 

of AKI in critically adult patients [10], which is in line with our study. In particular, in 274 

subgroups of patients with older age, low SBP and cardiac surgery, those undergoing 275 

treatment with vasopressors, diuretics and ventilation, and those with sepsis as a 276 

comorbidity, we found that elevated CVP was still correlated with the odds of AKI. 277 

However, in subjects with CHF, the trend was not found, possibly because of the limited 278 

sample size (n=1222). 279 

A more thorough understanding enables reevaluation of CVP as an indicator of 280 

cardiac preload and renal afterload [22, 23]. CVP is determined by the interaction 281 

between cardiac function and venous return. Based on Guyton’s theory, cardiac output 282 

equals venous return, and venous reflux is dependent on the mean circulatory filling 283 

pressure (MCFP) and CVP gradient [24]. In contrast to the common, misleading 284 

understanding that CVP should be increased to increase cardiac output, excessive fluid 285 

administration, leading to the increase in CVP, does not increase cardiac output when 286 

the venous return curve intersects this area of the cardiac function curve [16]. 287 

Specifically, extra fluid only increases CVP and tissue edema but does not significantly 288 

increase end-diastolic volume or stroke volume. When CVP was increased or MCFP 289 

was decreased, venous reflux was decreased; in contrast, venous reflux was increased 290 

when CVP was decreased or MCFP was increased [25, 26]. Therefore, lower CVP is 291 

necessary to ensure venous reflux and cardiac output when MCFP is in the flat part of 292 

the Starling curve. According to this theory, a high CVP is transmitted backwards, 293 
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increasing renal venous pressure, reducing renal perfusion pressure and increasing renal 294 

venous congestion, further leading to AKI [18, 27]. 295 

Our study was based on data extracted from electronic medical records in MIMIC-296 

III v1.4 [12], a large, open clinical database, allowing precise research on the effects of 297 

an elevated CVP load. This study is the first to characterize the association between 298 

elevated CVP and AKI in a large population of patients with multiple comorbidities 299 

managed in critical settings. Furthermore, the use of database technologies and statistics 300 

played a critical role in achieving the meaningful conclusion of the present study. 301 

Additionally, this study has several limitations. To begin with, this study is imperfect 302 

owing to its retrospective nature and the source of the data used. Hence, no valid causal 303 

relationship can be established. Next, preadmission serum creatine determinations were 304 

unavailable, and some patients may have already developed AKI on admission. Thus, 305 

the odds of AKI may have been underestimated during the ICU stay. Finally, although 306 

some predictors of disease severity were included in our study and adjusted analysis 307 

confirmed the association between elevated CVP and the incidence of AKI, the results 308 

may be affected by other confounding factors associated with AKI. Additional 309 

prospective studies should be conducted to evaluate these parameters and the potential 310 

cause of elevated CVP load. 311 

 312 

Conclusions 313 

In conclusion, this study found that elevated mean CVP is associated with an 314 

increased risk of AKI in critically ill patients with multiple comorbidities. 315 
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Individualizing CVP measurements and keeping CVP low should be encouraged to 316 

avoid unnecessary renal damage. 317 

 318 
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Figures

Figure 1

Work�ow and major �ndings of this study. ICU, intensive care unit; CVP, central venous pressure; AKI,
acute kidney injury.



Figure 2

Proportion of AKI patients in different CVP quartiles and correlation between quartile CVP and AKI.
Proportion of patients with different AKI severity stages were shown in each group with different CVP
quartiles. Linear regression was used to evaluate the association between AKI and CVP. AKI, acute kidney
injury; CVP, central venous pressure. P < 0.05 as signi�cance.



Figure 3

Odds ratios for AKI within 7 days associated with quartile CVP in critically ill patients. Odds ratios (95%
CI) were showed to evaluate the association between CVP and AKI by both crude and adjusted logistic
regression model. For categorical variable, odds ratios (95% CI) were calculated compared with the lowest
quartile. For continuous variable, odds ratios (95% CI) corresponded to per 1 mmHg increase of CVP.
Adjusted variables included age, male, weight, CSRU, ventilation, vasopressor, sedative, diuretic, SAPS,
SOFA, sepsis, CHF, arrhythmias, hypertension, diabetes, renal failure, Cancer. CVP, central venous pressure;
AKI, acute kidney injury; CSRU, cardiac surgery recovery unit; SAPS, simpli�ed acute physiology score;
SOFA, sequential organ failure assessment; CHF, congestive heart failure; SBP, systolic blood pressure;
DBP, diastolic blood pressure; CI, con�dence interval. P < 0.05 as signi�cance.



Figure 4

Odds ratios and 95% CI for AKI within 7 days associated with CVP in subgroups. Odds ratios (solid line)
and 95% CI (gray area) for AKI associated with CVP in (a) Overall subjects. (b) Subgroup with age > 65
years. (c) Subgroup with SBP < 110 mmHg. (d) Subgroup with use of diuretics. (e) Subgroup with use of
vasopressors. (f) Subgroup with use of ventilation. (g) Subgroup with sepsis. (H) Subgroup with CHF. (i)
Subgroup in CSRU. Results were calculated by adjusted restricted cubic spline model with a reference of



CVP on 5 mmHg (dotted line). Adjusted variables included age, male, weight, CSRU, ventilation,
vasopressor, sedative, diuretic, SAPS, SOFA, sepsis, CHF, arrhythmias, hypertension, diabetes, renal failure,
Cancer, SBP, and DBP. CVP, central venous pressure; AKI, acute kidney injury; CSRU, cardiac surgery
recovery unit; SAPS, simpli�ed acute physiology score; SOFA, sequential organ failure assessment; CHF,
congestive heart failure; SBP, systolic blood pressure; DBP, diastolic blood pressure; CI, con�dence
interval.


