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Purpose: Elevated central venous pressure (CVP) plays an important role in the occurrence 
of acute kidney injury (AKI) and it is also independently associated with the prognosis of 
critically ill patients. However, the effect of CVP on critically ill AKI patients remains 
unclear. In this study, we analyzed the relationship between CVP and all-cause mortality of 
critically ill patients with AKI.
Patients and Methods: The clinical data of patients in intensive care unit (ICU) were 
retrieved from the Medical Information Mart for Intensive Care III (MIMIC-III) database and 
retrospectively analyzed. The all-cause mortality for up to 90 days was the main observed 
outcome. We used the minimum CVP value obtained during the first 72 hours after ICU 
admission for our analysis and patients were grouped according to this parameter. Patients 
were also analyzed after being further divided according to stages 1, 2 and 3 of AKI. 
Multiple Cox regression and Kaplan–Meier analyses were used to explore the association 
between CVP measurements and death of ICU patients with AKI.
Results: A total of 1986 ICU patients with AKI were studied. A total of 527 (26.5%) 
patients died by day 90. The high CVP group (patients with ≥10 mmHg) had the lowest 90- 
day survival rate (P =0.001 by log rank test) when according to Kaplan–Meier analysis. By 
using Cox regression analysis, high CVP was found to be linked to an increase in mortality 
(CVP ≥10 mmHg versus ≤5 mmHg, HR, 1.336, 95% CI, 1.064 to 1.677, P trend=0.014). 
Furthermore, when using in a multivariate Cox regression analysis with CVP as a continuous 
variable, the higher CVP levels were still an independent risk factor for 90-day all-cause 
mortality (per 1 mmHg increase, HR, 1.031, 95% CI, 1.013–1.049, P=0.001). In subgroup 
analysis, a similar trend was observed in patients with AKI stages 2 and 3.
Conclusion: The minimum CVP level during the first 72h after ICU admission was 
positively associated with mortality in critically ill patients with AKI and this more marked 
in cases with severe AKI.
Keywords: intensive care, kidney disease, 72h CVP value, Kaplan–Meier curve, Cox 
regression analysis, AKI stage

Introduction
Acute kidney injury (AKI) is a common complication in intensive care unit (ICU) 
patients, and the mortality of critically ill patients with AKI is much higher than 
those without AKI.1–3 Additionally, critically ill patients with AKI always need 
renal replacement therapy because of the loss of renal function and even survivors 
will often progress to chronic kidney disease (CKD). These cases often require 
maintenance dialysis or eventual transplantation, which is costly and may result in 
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significantly higher mortality when compared with patients 
without AKI.4–6 Therefore, finding an ideal predictor for 
the development of AKI and identifying patients at high 
risk of poor outcomes and taking timely and reasonable 
measures are crucial for the well-being of those concerned. 
Despite many efforts and a few successes, challenges still 
exist.7,8

Studies show that hemodynamic alterations play an 
important role in the pathophysiology of AKI.9 Central 
venous pressure (CVP) is one of the most commonly 
used hemodynamic parameters in ICU patients. 
Investigations in recent years have pointed out that higher 
CVP values could lead to an increase occurrence of AKI 
and higher mortality in critically ill patients.10 However, 
the effect of CVP on the death of critically ill patients with 
AKI is still unclear. In particular, the relationship between 
the minimum CVP value and the death of ICU AKI 
patients is rarely reported. We attempted to use the 
Medical Information Mart for Intensive Care III (MIMIC- 
III) database to retrospectively analyze the correlation 
between CVP and the 90-day all-cause death in critically 
ill patients with AKI. We especially explored whether the 
lowest CVP value obtained during the first 72 hours after 
ICU admission was related to the death of AKI patients in 
the ICU.

Materials and Methods
Data Source
We extracted data from the MIMIC-III database, which is 
a public and freely available intensive care unit (ICU) 
database that recorded important information of more 
than 50,000 adult admissions to ICUs in the Beth Israel 
Deaconess Medical Center in Boston from 2001 to 2012. 
The establishment of the MIMIC-III database was 
approved by the Institutional Review Boards both of 
Beth Israel Deaconess Medical Center (Boston, MA) 
and the Massachusetts Institute of Technology 
(Cambridge, MA). Since the present study did not impact 
clinical care and all protected health information was 
deidentified in the database, informed consent was not 
required.11 In order to obtain permission of access to the 
database, we enrolled onto the National Institute of 
Health’s web-based course and completed the required 
course, passed the Protecting Human Research 
Participants examination and then obtained a certificate 
(no. 30165505).

Inclusion and Exclusion Criteria
All patients in the database were screened. The inclusion 
criteria in this study were as follows: (1) adults (≥18 years 
of age) at time of ICU admission, with complete medical 
records available including CVP measurement records 
during the first 72 hours after ICU admission and (2) 
AKI was diagnosed within the first 48 hours of ICU 
admission. For patients with multiple ICU stays, only 
data related to the first ICU admission were considered. 
AKI was defined and staged according to the Kidney 
Disease: Improving Global Outcomes (KDIGO) 
criteria.12 The specific criteria for diagnosis of AKI were 
as follows: an increase in the serum creatinine (SCr) to 
≥1.5 times baseline must have occurred within the prior 7 
days; or an increase in SCr to ≥0.3 mg/dL within 48 hours; 
or urine volume <0.5mL/kg/h for 6 hours or more. In the 
present study, the first measurement of SCr after ICU 
admission was used as the baseline value.13 Moreover, 
AKI staging was based on both SCr levels and urine out-
put during the first 48h after ICU admission.

Patients who met the following criteria were excluded: 
1) individuals younger than 18 years old, 2) discharged or 
died within 72h after ICU admission, 3) no available CVP 
measurement obtained within 72h after ICU admission and 
4) more than 5% of the potential risk variables for death 
were missing.

Data Extraction
We used Structured Query Language (SQL) with 
PostgreSQL tools (version 9.6) to extract the data from 
the MIMIC-III database. We extracted the minimum CVP 
measurements obtained during the first 72 h after ICU 
admission as the primary exposure. Other variables 
included age, gender, ethnicity, admission type, vital 
signs, AKI stage, comorbidities, scoring systems and 
laboratory parameters. Comorbidities included malig-
nancy, sepsis, acute respiratory distress syndrome 
(ARDS), congestive heart failure (CHF), cardiac arrhyth-
mias, pulmonary circulation disease, hypertension, valvu-
lar disease, chronic renal failure and chronic liver disease. 
We collected all comorbidities on the basis of the recorded 
International Classification of Diseases, 9th revision (ICD- 
9) codes in the MIMIC-III database.

Sepsis was defined as life-threatening organ dysfunction 
caused by a dysregulated host response to infection (sepsis 
3.0).14 Scoring systems included the simplified acute physiol-
ogy score II (SAPSII) and the sequential organ failure 
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assessment (SOFA) score. Laboratory parameters included 
white blood cell (WBC) counts as well as hemoglobin, crea-
tinine, blood urea nitrogen (BUN), chloride, potassium and 
lactate levels. Scoring system data and laboratory parameters 
were obtained within 24 hours after admission to the ICU. 
Additionally, we extracted data on fluid input, urine output 
and fluid balance of first 24h after admission as well as use of 
vasopressors, mechanical ventilation, renal replacement ther-
apy and length of ICU stay and hospitalization. Studies have 
suggested that a CVP≥10 mmHg indicates poor prognosis, 
while a CVP ≤ 5 mmHg has better fluid responsiveness.15–17 

On the basis of these previous studies, the enrolled cases were 
divided into three groups based on the minimum CVP values 
obtained during the first 72h after ICU admission: the low, 
middle and high CVP groups that registered measurements of 
≤5, 6–9 and 10 mmHg, respectively.

Patient Outcome
The primary outcome was all-cause 90-day mortality after 
ICU admission. The secondary outcomes included use of 
vasopressors, mechanical ventilation, renal replacement 
therapy and length of ICU stay and hospitalization. For 
some patients, who died outside the hospital, mortality 
data were extracted from the Social Security Death Index.

Statistical Analysis
Continuous data were tested for normality or non-normalized 
distribution using the Kolmogorov–Smirnov test. All numer-
ical data were presented as means ± standard deviations (SDs) 
and compared using the analysis of variance for normally 

distributed data. Non-normally distributed data were pre-
sented as medians and compared using the Kruskal–Wallis 
test. Categorical data were summarized as proportions and 
compared using Chi-square test. Multiple Cox regression 
analysis was used to explore the associations between CVP 
measurements and death of ICU patients with AKI. Survival 
analysis using Kaplan–Meier (K-M) curves was used to ana-
lyze the difference between survival rates and survival curves 
based on the different levels of CVP. Statistical analyses were 
performed using SPSS 22.0 software (SPSS, IBM, NY, US.) 
Statistical significance was defined as P<0.05.

Results
Baseline Characteristics
After screening, data of a total of 1986 critically ill patients 
with AKI with a median age of 67.6 years were included in 
this analysis as illustrated in Figure 1. Among the enrolled 
patients, 58.4% were males and 73.9% were classed as white.

Baseline characteristics of patients were divided according 
to CVP measurements and are presented in Table 1 with 1040 
(52.4%), 580 (29.2%) and 366 patients (19.4%) included in 
the low, middle and high CVP groups, respectively. According 
to the kidney disease: improving global outcomes (KDIGO) 
guidelines, patients at AKI stages 1, 2 and 3 accounted for 
20.2%, 42.6% and 37.2% of all the patients, respectively. 
Patients in the high CVP group tended to be younger, had 
the highest rate of AKI stage 3 (50.0%) cases and were more 
likely to be complicated with sepsis, congestive heart failure 
and cardiac arrhythmias. Moreover, these patients had higher 
SOFA and SAPSII scores as well as increased levels of 

Figure 1 Flow diagram of the patients included in this study. 
Abbreviations: MIMIC III, Multiparameter Intelligent Monitoring in Intensive Care Database III; CVP, central venous pressure; ICU, intensive care unit.
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Table 1 Baseline Characteristics of Patient Groups Divided According to Their CVP Measurements

Total (n=1986) CVP, mmHg

≤5 (n=1040) 6–9 (n=580) ≥10 (n=366) P value

Male 1160 (58.4%) 597 (57.4%) 348 (60.0%) 215 (58.7%) 0.590

Age (years) 67.6 (55.8–78.5) 69.1 (57.4–79.7) 66.6 (56–77.7) 64.4 (52.8–75.7)*** 0.000

Ethnicity 0.640
White 1468 (73.9%) 776 (74.6%) 432 (74.5%) 260 (71%)

Black 155 (7.8%) 83 (8.0%) 42 (7.2%) 30 (8.2%)

Other 363 (18.3%) 181 (17.4%) 106 (18.3%) 76 (20.8%)

Admission type 0.372

Urgent 34 (1.7%) 18 (1.7%) 11 (1.9%) 5 (1.4%)
Emergency 1639 (82.5%) 853 (82.0%) 471 (81.2%) 315 (86.1%)

Elective 313 (15.8%) 169 (16.3%) 98 (16.9%) 46 (12.6%)

KDIGO AKI stage 0.000

Stage 1 401 (20.2%) 255 (24.5%) 97 (16.7%) 49 (13.4%)

Stage 2 847 (42.6%) 464 (44.6%) 249 (42.9%) 134 (36.6%)
Stage 3 738 (37.2%) 321 (30.9%)* 234 (40.3%)** 183 (50.0%)***

Comorbidity
Malignancy 325 (16.4%) 190 (18.3%) 86 (14.8%) 49 (13.4%)*** 0.045

Sepsis 1291 (65.0%) 650 (62.5%) 380 (65.5%) 261 (71.3%)*** 0.009
Congestive heart failure 717 (36.1%) 342 (32.9%)* 220 (37.9%) 155 (42.3%)*** 0.003

Cardiac arrhythmias 887 (44.7%) 439 (42.2%) 264 (45.5%) 184 (50.3%)*** 0.025

Pulmonary circulation Disease 286 (14.4%) 136 (13.1%) 85 (14.7%) 65 (17.8%) 0.088
Hypertension 1309 (65.9%) 693 (66.6%) 383 (66.0%) 233 (63.7%) 0.585

Valve-associated disease 512 (25.8%) 239 (23.0%)* 174 (30.0%) 99 (27.0%) 0.007

Chronic liver disease 267 (13.4%) 128 (12.3%) 78 (13.4%) 61 (16.7%) 0.110
Chronic renal failure 546 (27.5%) 264 (25.4%) 166 (28.6%) 116 (31.7%) 0.052

MAP (mmHg) 53 (46–59) 53 (46–59) 54 (46–59) 52 (46–59) 0.259

Scoring system
SOFA 8 (5–10) 7 (5–9)* 8 (6–11)** 9 (6–11)*** 0.000
SAPS II 46 (37–57) 46 (37–56) 47 (37–57) 48 (37–59)*** 0.032

Selected laboratory test
Lactate (mmol/L) 3.1 (2–4.7) 3 (2–4.4)* 3.3 (2.1–5.1) 3.1 (2–5) 0.023

Creatinine (mg/dL) 1.6 (1.1–2.6) 1.5 (1–2.4) 1.6 (1.1–2.6)** 2.1 (1.3–3.2)*** 0.000

BUN (mg/dL) 30 (20–49) 29 (19–46) 31 (20–48)** 35 (22–57)*** 0.000
Hemoglobin (g/dL) 8.9 (7.5–10.3) 8.8 (7.5–10.3) 9 (7.5–10.5) 8.8 (7.4–10.4) 0.334

Potassium (mmol/l) 4.9 (4.4–5.5) 4.9 (4.4–5.5) 5 (4.4–5.5) 5 (4.4–5.6) 0.144

Chloride (mmol/L) 109 (105–113) 110 (105–113)* 109 (105–113) 108 (103–113)*** 0.003
Day 1 urine output (L) 1.21 (0.67–1.99) 1.31 (0.75–2.19)* 1.16 (0.64–1.84)** 1.01 (0.46–1.73)*** 0.000

Day 1 fluid balance (L) 2.41 (0.46–4.51) 2.28 (0.27–4.44) 2.53 (0.67–4.46) 2.63 (0.62–4.72) 0.065

Secondary outcomes
Vasopressor 1634 (82.3%) 815 (78.4%)* 498 (85.9%) 321 (87.7%)*** 0.000

Ventilation 1748 (88.0%) 894 (86.0%)* 529 (91.2%) 325 (88.8%) 0.007
RRT 425 (21.4%) 174 (16.7%)* 125 (21.6%)** 126 (34.4%)*** 0.000

LOS of ICU (days) 6.6 (4.2–11.7) 5.8 (4.1–10.5)* 7.3 (4.3–11.9)** 8.9 (5.2–15.7)*** 0.000

LOS of hospital (day) 13.7 (8.9–21.9) 13.2 (8.7–21) 13.3 (9.1–20.9) 15.6 (9.2–24.7)*** 0.007

(Continued)
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creatinine and blood urea nitrogen (BUN) together with 
reduced chloride ions and urine output (Table 1).

Comparisons Between the Death and 
Survival Groups During the Study Period
During the study period, 527 (26.5%) patients had died 
by day 90. Based on patient deaths within 90 days, patients 
were placed into either a non-survivor or a survivor group. 
In the 90-day death group, the parameters of age, CVP, 
SOFA score, SAPSII score, creatinine, hemoglobin, lactate 
and BUN were significantly higher, while mean artery pres-
sure (MAP) and urine output as well as potassium and 
chloride levels were significantly lower compared with 
those in the survivor group. The non-survivors were more 
likely to be admitted as emergency admissions, to develop 
AKI stage 3 and to have more comorbidities. However, there 
were no differences in ethnicity and fluid balance as well as 
platelet and WBC counts. The likelihood of ARDS, pulmon-
ary circulation disease and hypertension was also not differ-
ent between non-survivors and survivors.

Association Between CVP Values and 
Outcomes in All Patients and Subgroups
By using the K-M analysis, as shown in Figure 2, the 90-day 
survival rate was seen to be the lowest in the high CVP group 
(P=0.001 by log rank test for trend). A higher minimum CVP 
level (CVP ≥10 mmHg versus CVP ≤5 mmHg) during the 
first 72 hours after ICU admission was found to be 
a significant predictor of 90-day mortality by both univariate 
and multivariate Cox regression analyses. These were 
adjusted for age, gender, admission type, AKI stage, malig-
nancy, sepsis, congestive heart failure, cardiac arrhythmias, 
valve-associated disease, chronic renal disease, chronic liver 
disease, SOFA score, SAPSII score, MAP, lactate, creatinine, 
hemoglobin, chloride and potassium (Table 2). Furthermore, 
a multivariate Cox regression analysis using CVP as 

a continuous variable showed that per 1 mmHg increase in 
CVP also raised the odds of mortality (Figure 3). We also 
conducted Cox regression analysis across subgroups of AKI 
stages 1, 2 and 3. There was a significant association between 
CVP levels and mortality in patients with AKI stages 2 and 3, 
while no significant effect of CVP on mortality was seen in 
patients with AKI stage 1 (Table 2 and Figure 3).

Besides the primary outcome, a worse secondary out-
come also presented in the high CVP group. This group 
had a higher rate of vasopressors use, renal replacement 
therapy and the patients had longer periods of stay in the 
ICU as well as in the hospital (Table 1).

Discussion
The results of our study indicate that the minimum CVP 
levels during first 72 hours after ICU admission is an 
independent predictor of mortality in critically ill patients 
with AKI when using CVP both as a categorical and 
a continuous variable. Further investigations on the use 

Table 1 (Continued). 

Total (n=1986) CVP, mmHg

≤5 (n=1040) 6–9 (n=580) ≥10 (n=366) P value

Primary outcome
90-day death 527 (26.5%) 254 (24.4%) 150 (25.9%)** 123 (33.6%)*** 0.003

Notes: *, ** and *** represent the significant differences between the low and middle CVP groups, the middle and high CVP groups and the low and high CVP groups, 
respectively (P<0.05). 
Abbreviations: KDIGO, kidney disease: improving global outcomes; AKI, acute kidney injury; ARDS, acute respiratory distress syndrome; MAP, mean arterial pressure; 
SOFA, sequential organ failure assessment; SAPS II, simplified acute physiology score II; BUN, blood urea nitrogen; WBC, white blood cell; RRT, renal replacement therapy; 
LOS, length of stay; ICU, intensive care unit.

Figure 2 Kaplan–Meier survival curves of the patients in the three CVP groups.
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of vasopressors, mechanical ventilation, renal replacement 
therapy and length of ICU stay and hospitalization also 
demonstrated that higher CVP level was associated with 
poor ICU outcomes for critically ill patients with AKI. To 
our knowledge, our study is the first to find that CVP was 
independently associated with poor prognosis in critically 
ill patients with AKI and the first to report that, per 1 
mmHg increase in CVP increases the odds of mortality. 

Dynamic monitoring of CVP during the first 72h after ICU 
admission and being aware of the minimum CVP level 
appear to be important parameters for assessing the prog-
nosis of patients.

CVP is a measurement of the pressure within the 
superior vena cava or right atrium. In 1959, CVP was 
first found to be related to the decrease of blood volume 
after thoracotomy.18 Subsequently, it was regarded as an 

Table 2 HRs (95% CIs) for Mortality Across Groups of CVP in All Subjects and Subgroups

CVP, mmHg

≤5 6–9 ≥10 P Trend

Unadjusted

All subjects HR (95% CIs) 1.0(Ref) 1.071(0.876–1.311) 1.486(1.198–1.843) 0.001

P-value 0.503 0.000

Adjusted

All subjects HR (95% CIs) 1.0(Ref) 0.952(0.773–1.172) 1.336(1.064–1.677) 0.014
P value 0.641 0.013

AKI stage1 HR (95% CIs) 1.0(Ref) 1.180(0.677–2.059) 0.514(0.224–1.182) 0.200
P value 0.559 0.118

AKI stage2 HR (95% CIs) 1.0(Ref) 0.991(0.694–1.415) 1.483(1.001–2.197) 0.145
P value 0.96 0.064

AKI stage3 HR (95% CIs) 1.0(Ref) 0.948(0.706–1.274) 1.454(1.072–1.972) 0.015
P value 0.724 0.016

Notes: Adjusted for age, gender, admission type, AKI stage, malignancy, sepsis, congestive heart failure, cardiac arrhythmias, valve-associated disease, chronic renal disease, 
chronic liver disease, SOFA score, SAPSII score, MAP, lactate, creatinine, hemoglobin, chloride and potassium. 
Abbreviations: CVP, central venous pressure; AKI, acute kidney injury.

Figure 3 A forest plot of the association between CVP measurements (per 1mm Hg increase) and 90-day mortality in all subjects and subgroups. 
Notes: Adjusted for age, gender, admission type, AKI stage, malignancy, sepsis, congestive heart failure, cardiac arrhythmias, valve-associated disease, chronic renal disease, 
chronic liver disease, SOFA score, SAPSII score, MAP, lactate, creatinine, hemoglobin, chloride and potassium. 
Abbreviations: CVP, central venous pressure; AKI, acute kidney injury.
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index to evaluate the cardiac preload and it was used to 
guide fluid therapy.19 However, with more extensive clin-
ical applications and in-depth clinical research, CVP was 
found to be influenced by many factors and had a poor 
value in predicting volume status and fluid 
responsiveness.20–22 Using CVP as a predictor of blood 
volume or fluid responsiveness was not only false but was 
also potentially dangerous. According to Guyton’s venous 
reflux theory, cardiac output equals venous reflux, which 
depends on the pressure gradient between the mean sys-
tematic filling pressure (MSFP) and CVP. Therefore, CVP 
is the main reverse pressure hindering venous return.23 In 
addition, the microcirculatory perfusion depends on the 
pressure gradient between the inflow and outflow pres-
sures and CVP is an important determinant of the latter. 
An abnormal increase of CVP can further aggravate the 
capillary perfusion disorder, thus leading to AKI and other 
serious consequences.24

Previous studies on patients with sepsis, cardiac sur-
gery and those who were critically ill showed that 
increased CVP can not only increase the occurrence of 
AKI but may also lead to liver, lung and microcirculation 
damage and eventually increases mortality.17,25–27 This 
study shows the highest mortality in patients who had 
high CVP (CVP≥10mmHg). The mean CVP of the 
patients in this group was at least 10 mmHg, and the 
duration for observations was a minimum of 3 days. This 
suggested that a longer duration of high CVP was related 
to the poor prognosis which is consistent with the findings 
of a previous study.17 Considering the influence of CVP on 
venous return and capillary perfusion, lower CVP levels 
may be associated with better tissue perfusion, fluid 
responsiveness and outcome for the patients. 
A systematic analysis found that about two-thirds of the 
patients in a lower CVP subgroup (mean/median<8 
mmHg) responded to fluid therapy, while the opposite (1/ 
3) was observed in those in a higher CVP subgroup (mean/ 
median>12 mmHg), although the individual CVP values 
for predicting fluid responsiveness were relatively low.28

Recent studies indicated that normal CVP values are 
usually very low and close to 0.10,29,30 Wang et al also 
found that septic shock patients whose CVP had dropped 
to below 8 mmHg during a 7-day period, had a higher 
survival rate.26 Chen et al suggested that the optimal CVP 
measurements should be personalized and kept as low as 
possible.31 However, it is not clear how low the CVP needs 
to be in critically ill patients with AKI. The results of the 
present research demonstrated that per 1 mmHg increase in 

lowest the CVP value during the first 72 hours after ICU 
admission increased the odds of all-cause mortality during 
a 90-day period by 3.1%. This indicated that a lower CVP 
was associated with better outcome in critically ill patients 
with AKI. This finding is consistent with the previous study.

The results of subgroup analysis showed that CVP had 
no significant effect on mortality in critically ill patients 
complicated with AKI stage 1. Considering that ICU 
patients with AKI stage 1 had milder kidney disease with 
more urine output and are easier to achieve fluid balance, 
this may attenuate the effect of CVP on mortality and do 
not present significant difference to patients without AKI. 
Otherwise, a small number of the patients in the middle 
and high CVP groups with AKI stage 1 may also affect the 
observed results. Further studies involving more patients 
are essential to confirm these findings.

Several limitations in this study should be acknowl-
edged. Firstly, our study is a single-center retrospective 
analysis and our results must be confirmed in 
a prospective and multicenter cohort. Secondly, only 
patients diagnosed with AKI within 48 hours and having 
CVP measurements taken during the first 72 hours after 
ICU admission were included, which may have therefore 
reduced the number of patients and led to a form of selec-
tion bias. Furthermore, because most of the patients regis-
tered in the database, were lacking of pre-admission SCr 
measurements, we used the admission SCr as the reference 
values for creatinine, which this may also have resulted in 
selection bias.32 Thirdly, the present study is a retrospective 
study based on the database, differences for patients with 
pre-, post- and renal AKI could not be evaluated, which 
should be supplemented in a future prospective. Fourthly, 
including some risk factors which might increase morbidity 
and mortality among patients with AKI such as malignancy 
and sepsis and performing adjusted analysis to confirm the 
relationship between CVP during the first 72 h after ICU 
admission and poor outcomes were advantageous to our 
study.33 However, it may be that some other confounding 
risk factors correlated with organ damage or adverse out-
comes, which would have affected our results, were not 
included in the present study. Finally, as this was not an 
interventional study, further studies should be performed to 
find out the range at which CVP should be controlled to, in 
order to improve the prognosis of ICU patients with AKI.

Conclusion
In this study, we showed a positive correlation between the 
minimum CVP measurement obtained during the first 72 
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hours after ICU admission and 90-day all-cause mortality. 
CVP proved to be an independent predictor of short-term 
mortality for critically ill patients with AKI, and this effect 
was even more marked in severe AKI patients.
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