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Abstract

n in critically ill patients with septic shock treated in the intensive
Background: Acute kidney injury (AKI) is a serious complicatio
care unit. Renal replacement therapy (RRT) is a treatment for severe AKI; however, the time of initiation of RRT and factors that
affect the recovery of kidney function remains unclear. This study was to explore whether early initiation of RRT treatment for fluid
management to reduce central venous pressure (CVP) can help to improve patients’ kidney function recovery.
Methods: A retrospective analysis of septic patients who had received RRT treatment was conducted. Patients received RRT either
within 12 h after they met the diagnostic criteria of renal failure (early initiation) or after a delay of 48 h if renal recovery had not
occurred (delayed initiation). Parameters such as patients’ renal function recovery at discharge, fluid balance, and levels of CVPwere
assessed.
Results: A total of 141 patients were eligible for enrolment: 40.4% of the patients were in the early initiation group (57 of 141
patients), and 59.6% were in the delayed initiation group (84 of 141 patients). There were no significant differences in the
characteristics at baseline between the two groups, and there were no differences in 28-day mortality between the two groups
(x2 = 2.142, P = 0.143); however, there was a significant difference in the recovery rate of renal function between the two groups at
discharge (x2 = 4.730, P < 0.001). More importantly, early initiation of RRT treatment and dehydration to reduce CVP are more
conducive to the recovery of renal function in patients with AKI.
Conclusion:Compared with those who received delayed initiation RRT, patients who received early-initiation RRT for dehydration
to reduce CVP have enhanced kidney function recovery.
Keywords: Sepsis; Acute kidney injury; Renal replacement therapy; Central venous pressure

Introduction

Acute kidney injury (AKI) is a serious complication in

unclear. Recently, several conflicting results have been
reported in studies comparing an early strategy with a

[12]
critically ill patients treated in the intensive care unit (ICU)
because of high mortality and economic conditions.[1-3]

Sepsis is the leading cause of AKI in the ICU, and
approximately 45% to 70% of all AKI is associated with
sepsis.[4-6] Compared with patients with AKI without
septic shock, patients with AKI and septic shock may have
a different response to renal replacement therapy (RRT).[7]

The most common treatment of septic AKI is RRT when
supportive therapyand the level of endogenous renal function
is not sufficient to meet the patients’metabolic demands.[8,9]

Many studies have focused on methods of RRT.[10,11]

However, in the absence of complications, such as hyper-
kalemia, the appropriate time of initiation of RRT, and the
key indicators affecting the recovery of renal function remain
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delayed strategy for the initiation of RRT. Therefore,
whether early initiation of RRT can promote renal function
recovery and improve survival rate and whether there are
risks of early RRT associated with renal function recovery in
patients with septic AKI are still unknown.

Several studies determine “recovery” at hospital dis-
charge.[13,14] The recent Acute Disease Quality Initiative
conference suggests differentiating AKI from acute kidney
disease (AKD) and chronic kidney disease (CKD), which
may provide a framework for defining recovery in terms of
time after the sentinel event.[15] AKD was initially
proposed to encompass any acute condition that impacts
on long-term kidney function.[16]

Fluid overload at the initial time of RRT is a well-known
predictor of patient survival.[17] Some studies emphasized
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the association between the speed of fluid accumulation
and ICU mortality.[18] However, fluid overload has been

initiation, RRT was initiated after a delay of 48 h if renal
function did not spontaneously recover and if no condition
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mostly quantified as an arithmetical calculation, and it
does not accurately reflect the actual liquid state of the
body, especially the interstitial edema pressure and reflux
resistance. Other studies have demonstrated that an
increased central venous pressure (CVP) was associated
with the development of AKI because a higher CVP is
accompanied by microcirculation impairment and
increased organ reflux resistance.[19,20] It is not clear
whether early initiation of RRT for dehydration alone or to
reduce CVP is conducive to the recovery of renal function.

Thus, this retrospective study examined the records of
patients with septic AKI admitted to the department of
critical care medicine of our hospital from May 2016 to
February 2018. Baseline and 5-day clinical data for all
enrolled patients were retrieved, and we investigated
factors that may affect renal function recovery and the
effect of different RRT treatment initiation schedules on
patient mortality.

Methods
Ethics approval

This study was approved by the Peking Union Medical
College Hospital Ethics Committee (No. SK-411), and the
need for informed consent was waived because the study
was non-interventional and retrospective.

Patient selection
Patients admitted to the department of critical care
medicine of our hospital from May 2016 to February
2018 who had been diagnosed with septic AKI and who
received RRT were consecutively selected for the study.
Patients who were younger than 18 years old, who were
pregnant women, or who had pre-existing CKD were
excluded from the study. For the assessment of the effect of
RRT on the recovery of renal function after acute renal
injury, patients treated with RRT before ICU admission or
who had been treated with RRT for non-renal indications
or for end-stage renal failure on long-term dialysis were
excluded. AKI caused by permanent occlusion or surgical
lesion of the renal artery, glomerulonephritis, interstitial
nephritis, vasculitis, post-renal obstruction, or hemolytic
uremic syndrome or thrombotic thrombocytopenic pur-
pura were excluded. We also excluded patients for prior
kidney transplantation and excluded those who had
undergone RRT for <24 h or who had an ICU stay of
<72 h.

Definition of early and delayed initiation of RRT
329
AKI was diagnosed based on changes in the serum
creatinine (Cr), urine output, or both. Cr measurements
were performed at least once per day. Every patient had a
urinary catheter, and urine output was measured every
hour. The early initiation of RRT was started within 12 h
after the onset of AKI that was determined to be at the
failure stage of the risk, injury, failure, loss, and end-stage
kidney disease (RIFLE) classification. With the delayed

1

meeting the criteria for emergency RRT developed.[21] The
failure stage of the RIFLE classification is characterized as
follows: oliguria (urine output <0.3 mL per kilogram of
body weight per hour for ≥24 h), anuria for 12 h or more,
or a serum Cr level three times the baseline level (or ≥4 mg
per decilitre [≥350 mmol per litre] accompanied by a rapid
increase of ≥0.5 mg per decilitre [≥44 mmol per litre]).[22]

RRT procedure
RRT was performed with the Baxter system in the ICU.
Bicarbonate-buffered solution was used with a replace-
ment fluid amounting to 30 to 40 mL/kg per hour, with a
blood flow rate of 150 to 200 mL/min. Heparin or low-
molecular-weight heparin was used as an anticoagulant in
the treatment modalities. The dosage of heparin or low-
molecular-weight heparin was regulated according to the
patient’s blood coagulation state. Changes in blood and
replacement fluid flow rates and dialysate composition,
as well as type of anticoagulant, were dictated by the
patients’ clinical condition. According to the standard
requirements of our department, the CVP level of patients
in RRT is maintained at the lowest possible level within the
allowable range, and RRT was discontinued if renal
recovery defined by urine output (>400 mL/24 h without
and 1000 mL/24 h with diuretic treatment) and Cr
clearance (>20 mL/min) occurred.

Data collection
Baseline data and biochemical parameters measured over
5 days after ICU admission were collected, including age,
gender, infection site, complications potentially related
to AKI (such as hypertension, diabetes, coronary heart
disease), use and/or change in doses of vasopressor
drugs, duration of mechanical ventilation, duration of
RRT, Cr, daily urine output, fluid balance in the first 5 days
after initiation of RRT, ICU length of stay, hospital length
of stay, and mortality at 90 days. In addition, clinical
parameters and severity scores, such as CVP, mean arterial
pressure (MAP), diastolic blood pressure (DAP), mean
perfusion pressure, diastolic perfusion pressure (DPP),
Acute Physiology and Chronic Health Evaluation II
(APACHE II) scores, and sequential organ failure assess-
ment (SOFA) scores, were also collected.

Outcome measures
Despite many limitations, the most obvious definition of
complete recovery from AKI is the absence of AKI criteria.
Partial recovery can then be defined as a decrease in AKI
stage.[23] Kidney function is defined as non-recovery when
patients need intermittent hemodialysis. Therefore, the
recovery of renal functionwas divided into three categories:
complete recovery, partial recovery, and non-recovery, and
we evaluated renal function recovery at discharge.

Statistical analysis
The unreasonable values, such as abnormal outliers, were
considered missing values. The results are expressed as the
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mean standard deviation for normal data or median
(interquartile range) for non-normal data. The x2 test was

Parameters such as age, gender, body mass index, basic
disease (such as hypertension, coronary heart disease, and
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used for qualitative data, one-way analysis of variance was
used for normal quantitative data, and the Mann-Whitney
U test or Kruskal-Wallis H test was used for non-normal
quantitative data to determine differences between groups.
Ordinal polytomous logistic regression was used to
analyze the relationship between factors and outcomes.
A value of P < 0.05 was considered statistically significant.
Statistical analyses were performed using SPSS 17.0
software (SPSS Inc., Chicago, IL, USA).

Results
General characteristics

A total of 141 patients with septic AKI were enrolled: 57
patients were in the early initiation group, and 84 were in
the delayed initiation group. A flow chart is shown in
Figure 1. In general, the main infection sites were the lungs
(20.9%), blood (20.6%), abdominal cavity (9.9%), soft
tissue (4.8%), and other sites (29.9%, such as in the
urinary system, bone marrow, and intracranial tissue).
Gram-negative bacteria (48.7%) were the most common
organisms. There was no statistically significant difference
in infection site between the two groups (P = 0.563).
Figure 1: The flowchart of this study on patients with septic acute kidney injury. CVP: Centr
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diabetes), APACHE II score, SOFA score, and the
application of vasoactive drugs or extracorporeal mem-
brane oxygenation were not different between the two
groups (P > 0.05). The patients’ demographic and clinical
characteristics are shown in Table 1.

There were differences in the duration of mechanical
ventilation among the two groups (6 vs. 9 days, P = 0.024)
[Table 1], and the total RRT time was significantly
different between the two groups (P < 0.001). However,
the ICU retention time and hospitalization time were not
different between the two groups (14 vs. 16 days,
P = 0.236; 26 vs. 28 days, P = 0.762, respectively). Cr
and blood urea nitrogen (BUN) levels were different at the
start of RRT between the two groups. There were no
differences between the two groups in mortality at
discharge. However, renal function recovery between
the two groups showed significant differences.

Patients were divided into three groups according to the
recovery of renal function, andwe analyzed the factors that
may affect renal function recovery. Our study found that
there was no significant differences in Cr, BUN, MAP, or
DAP at the initiation of RRT (P > 0.05). However, the
al venous pressure; RRT: Renal replacement therapy.

http://www.cmj.org


early or delayed strategy of RRT was different between
different groups, and the level of CVP, DPP, and fluid

decline of CVP can promote the recovery of renal function
(P = 0.031, P = 0.001; respectively) [Table 3].

Table 1: Baseline clinical and biological data of patients who received RRT.

Characteristics
Early initiation
RRT (n = 57)

Delayed initiation
RRT (n = 84) x2 or t P

Age (years) 57.81 ± 14.44 57.13 ± 16.35 0.259 0.796
Gender, n (%) 1.328

∗
0.249

Male 40 (70.2) 51 (60.7)
Female 17 (29.8) 33 (39.3)

BMI (kg/m2) 17.9 ± 2.1 18.1 ± 2.1 �0.527 0.599
Coexisting conditions, n (%)
Hypertension 21 (36.8) 24 (28.6) 1.069

∗
0.301

Diabetes 10 (17.5) 18 (21.4) 0.322
∗

0.570
Coronary heart disease 8 (14.1) 21 (25) 2.499

∗
0.114

Chronic respiratory failure 6 (10.5) 10 (11.9) 0.064
∗

0.800
Chronic liver failure 5 (8.7) 8 (9.5) 0.023

∗
0.880

APACHE II scores 25 (15.5–33) 25 (20–31.75) �1.299 0.427
SOFA scores 13 (11–15) 13 (11–16) 0.996 0.810
ICU retention time (days) 14 (10.5–20) 16 (11–27.75) �1.078 0.236
Hospitalization time (days) 26 (13–42) 28 (15–51) 0.698 0.762
Duration of RRT (h) 70 (29–112.5) 110 (62.5–174) �2.947 <0.001
Duration of mechanical ventilation (days) 6 (3–10) 9 (6–13) �3.878 0.024
ECMO, n (%) 4 (7.0) 9 (10.7) 0.554

∗
0.457

Vasopressor support with norepinephrine, n (%) 49 (85.9) 71 (84.5) 0.056
∗

0.814
Vasopressor support with epinephrine, n (%) 17 (29.8) 20 (23.8) 1.283

∗
0.426

Vasopressor support with dopamine, n (%) 17 (29.8) 18 (21.4) 0.635
∗

0.257
Cr (mmol/L) 153 (117.5–194.5) 212.5 (62.0–283.75) �3.779 <0.001
BUN (mmol/L) 14.5 (9.86–21.83) 19.85 (12.38–29.23) �3.147 0.004
Pv-aCO2 (mmHg) 4.84 ± 1.84 5.04 ± 1.72 �0.638 0.524
ScvO2 (%) 68.53 ± 5.16 67.58 ± 4.28 1.180 0.240
Lac (mmol/L) 2.42 ± 1.35 2.37 ± 1.17 0.243 0.808
Fluid balance (mL) 1402 ± 1907 1543 ± 2463 0.364 0.647
WBC on 5 days after initiation of RRT, count (�109/L) 9.37 ± 2.87 10.10 ± 3.05 �1.421 0.157
SOFA scores on 5 days after initiation of RRT 7 (5–9) 8 (6–9) �1.377 0.085
Renal function recovery, n (%) 4.730

∗
0.001

Complete recovery 36 (63.2) 26 (31.0)
Partial recovery 11 (19.3) 25 (29.8)
Non-recovery 10 (17.5) 33 (39.3)
28-day mortality 9 (15.8) 22 (26.2) 2.142

∗
0.143

Date were presented by mean ± Standard deviation, n (%) or median(interquartile range).
∗
x2. APACHE II scores: Acute physiology and chronic health

evaluation score; BMI: Bodymass index; BUN: Blood urea nitrogen; Cr: Creatinine; ECMO: Extracorporeal membrane oxygenation; ICU: Intensive care
unit; Lac: Lactate; Pv-aCO2: Central venous-to-arterial carbon dioxide difference; RRT: Renal replacement therapy; ScvO2: Central venous oxygen
saturation; SOFA scores: Sequential organ failure assessment.
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balance was different between those groups. At the same
time, we did not find any difference in the venous-to-
arterial carbon dioxide (Pv-aCO2) or ScvO2 of different
groups, which means that the cardiac function of those
patients was not a factor affecting renal function in any of
the three groups [Table 2].

When we evaluated the CVP levels in different renal
function recovery conditions, we found that in those
patients who received early initiation RRT, CVP decreased
significantly and correlated with rapid renal function
recovery at discharge (P < 0.05) [Figure 2].

We conducted an ordinal polytomous logistic regression
analysis of the factors that may affect the recovery of renal
function, and we found that early strategy of RRT and a

1

Discussion
This study indicated that in patients with septic AKI, early
initiation RRT for fluid management improved the
recovery of kidney function. In addition, the recovery of
renal function was correlated with the decrease of CVP
level, this effect was more prominent in patients who
received early initiation RRT.

The timing of initiation of RRT depends on numerous
factors and is, therefore, a complex process.[24] Some
previous studies suggested that a survival advantage is
associatedwith earlyRRT.[25,26]Recently, two randomized,
controlled studies explored this question, but they came to
the opposite conclusion.[12,27] Our trial found no significant
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difference in mortality at 28 days between the early
initiation renal replacement group and the delayed

control of acid-base status and the removal of toxins; these
changes can reduce the burden on the kidneys, thereby

Table 2: Baseline clinical and biological data of patients with different renal function recovery.

Variables Complete recovery Partial recovery Non-recovery Z or F P

Age (years) 57.79 ± 16.16 55.22 ± 18.66 58.70 ± 11.46 0.518 0.597
Gender, n (%) 0.129 0.938
Male 40 (64.5) 24 (66.7) 27 (62.8)
Female 22 (35.5) 12 (33.3) 16 (37.2)

BMI (kg/m2) 18.18 ± 2.30 17.88 ± 1.85 17.89 ± 1.99 0.341 0.712
APACHE II score 24.76 ± 8.73 25.19 ± 8.20 25.91 ± 7.33 0.250 0.779
SOFA score 13.27 ± 3.39 12.42 ± 3.36 12.56 ± 3.77 0.879 0.417
Strategy of RRT n (%) 14.730 0.001
Early initiation of RRT 36 (58.1) 11 (30.6) 10 (23.3)
Delayed initiation of RRT 26 (41.9) 25 (69.4) 33 (76.7)
Vasopressor support with
norepinephrine, n (%)

55 (88.7) 32 (88.9) 33 (76.7) 3.414 0.181

Vasopressor support with
epinephrine, n (%)

13 (21.0) 11 (27.8) 13 (27.9) 0.881 0.451

Vasopressor support with
dopamine, n (%)

13 (21.0) 10 (30.6) 12 (30.2) 1.591 0.644

MAP (mmHg) 87.33 ± 17.89 88.47 ± 10.90 87.05 ± 14.54 2.187 0.627
DAP (mmHg) 68.38 ± 13.17 68.82 ± 10.91 66.70 ± 11.33 3.076 0.745
MPP (mmHg) 79.09 ± 14.15 78.98 ± 11.76 72.58 ± 17.88 2.836 0.062
DPP (mmHg) 61.42 ± 11.85 59.65 ± 11.50 54.97 ± 11.86 3.979 0.021
CVP (mmHg) 8.49 ± 2.02x 8.55 ± 2.03x 9.14 ± 1.68†,‡ 3.294 0.040
Duration of RRT (h) 96.15 ± 84.37 97.06 ± 79.37 180.07 ± 144.77 9.388 0.000
Cr (mmol/L) 194 (133.25–293.25) 200 (159.75–305.50) 207 (151.00–299.00) 0.486

∗
0.784

BUN (mmol/L) 19.57 ± 12.10 18.97 ± 10.61 21.32 ± 12.89 0.432 0.650
Pv-aCO2 (mmHg) 4.92 ± 2.03 5.14 ± 2.64 4.86 ± 1.46 0.267 0.766
ScvO2 (%) 68.38 ± 4.88 68.50 ± 5.29 66.91 ± 3.59 1.612 0.203
Lac (mmol/L) 2.45 ± 1.21 2.77 ± 1.44 2.23 ± 1.11 0.498 0.609

Accumulated fluid balance within
5 days initiation of RRT (mL)

�5617 [(�7844)
 � (�3610))

�6123 [(�8211)
 � (�2639)]

�4456 [(�6104)
 � (�2714)]

5.985
∗

0.043

SOFA scores on 5 days after
initiation of RRT

7.05 ± 2.46 7.00 ± 2.28 7.98 ± 3.11 1.935 0.148

WBC count (�109/L) 9.85 ± 2.96 9.31 ± 2.83 10.14 ± 3.17 0.777 0.803

Date were presented bymean ± Standard deviation, n (%) or median(interquartile range).
∗
Z value. †Complete recovery group. ‡ Partial recovery group.

xNon-recovery group. Comparedwith the complete recovery group or the partial recovery group or the non-recovery group group, P<0.05.APACHE II
scores: Acute physiology and chronic health evaluation score; BMI: Body mass index; BUN: Blood urea nitrogen; CVP: Central venous pressure; Cr:
Creatinine; DAP:Diastolic arterial pressure; DPP: Diastolic perfusion pressure; Lac: Lactate; SD: Standard deviation;MAP:Mean arterial pressure;MPP:
Mean perfusion pressure; Pv-aCO2: Central venous-to-arterial carbon dioxide difference; RRT: Renal replacement therapy; ScvO2: Central venous
oxygen saturation; SOFA scores: Sequential organ failure assessment.
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strategy group; this result is consistent with previous
reports.[27] Although there was no difference in mortality
between the two groups, we found some notable differ-
ences in clinical outcomes that merit further discussion.
First, we found that delayed initiation of RRT was
generally associated with a longer duration of RRT
support and mechanical ventilation time. Second, we
found that delayed initiation of RRT was associated with
inferior renal recovery and a higher rate of dialysis
dependence at hospital discharge.

The cause of kidney injury is not only the toxic effect of Cr
andBUNbut also the damaging effect of a high level of CVP
and fluid overload on the kidney with a long duration.[28]

The pathophysiology of congestive renal failure includes
reduced transglomerular pressure, elevated renal interstitial
pressure, and enhanced proinflammatory pathways.[29]

Earlier initiation of dialysis in AKI might improve the

1

preventing further deterioration of renal function.[30] The
effect offluidmanagement andCVPon the recovery of renal
function in RRT treatment is still unclear.

In this study, we compared patients with different levels of
recovery of renal function and found that the recovery of
renal function was correlated with the initiation of RRT,
CVP levels, liquid equilibrium state, and DPP levels.
Further regression analysis of these factors showed that the
main factors affecting the recovery of renal function were
the initiation of RRT and the levels of CVP. The liquid
equilibrium state was statistically insignificant in the
regression analysis; a possible explanation for this
phenomenon is that the liquid overload state in patients
is not positively correlated with CVP and that the
backward resistance of the systemic circulation may be
more important than the overall liquid balance state in
patients with AKI.[31]
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Previous studies have found that the baseline CVP of
patients with AKI is higher than that of patients without

function recovery were lower than those whose kidney
function recovered more gradually; this phenomenon was

Figure 2: Relationship between renal function recovery and CVP. (A) Relationship between renal function recovery and CVP in patients who received early initiation of RRT; (B) Relationship
between renal function recovery and CVP in patients who received delayed initiation RRT. CVP: Central venous pressure; RRT: Renal replacement therapy.
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AKI.[19] Damman et al[32] confirmed that CVP affected
kidney function not only in patients with heart failure but
also in patients with normal heart function. Our study
found that the CVP levels of patients with rapid renal

1

more obvious in patients who received early-initiation
RRT. More importantly, when different renal function
recovery situations were compared, there were no differ-
ences in other factors such as the Pv-aCO2 and ScvO2,
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suggesting that there is no significant difference in heart
function between patients with different kidney function

3. Kim SY, Kim YN, Shin HS, Jung Y, Rim H. The influence of
hypophosphatemia on outcomes of low- and high-intensity continu-

Table 3: Ordinal ploytomous logistic regression analysis for possible risk factors for renal function recovery.

95% CI for OR
Variables B SE Wald P OR Lower Upper

CVP 0.115 0.091 1.598 0.031 1.12 0.939 1.342
DPP �0.033 0.015 4.669 0.056 0.967 0.938 0.997
Fluid balance 0.082 0.043 3.654 0.206 1.09 0.998 1.179
Strategy of RRT �1.177 0.348 11.461 0.001 0.308 0.156 0.609

CI: Confidence interval; CVP: Central venous pressure; DPP: Diastolic perfusion pressure; RRT: Renal replacement therapy; OR: Odds ratio; SE:
Standard error.
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recovery. These results fully demonstrated that early
application of RRT to reduce CVP was crucial for renal
function recovery.

Maintaining optimal blood pressure is an important aspect
of preventing AKI, especially for vasopressor-dependent
patients.[33]MAP is widely used as an index for the optimal
blood pressure.[34] However, a recent observational study
revealed that lower DAP and higher CVP were associated
with septic AKI, while MAP was not.[35] Another
observational study reported that decreased MAP was
not associated with AKI, suggesting that only DPP and
CVP may be associated with septic AKI.[36] Our study
confirmed that high CVP and low DPP were important
factors affecting renal function recovery. At the same time,
it is more likely that different levels of CVP lead to different
DPP. Therefore, high CVP is the most important factor
affecting renal perfusion pressure.

There were several limitations to this study. First, this was
a retrospective study, and the number of patients was
small, which was likely to introduce bias. Second, various
factors, such as positive end-expiratory pressure was not
investigated. Third, the lack of long-term renal function
indicators and the speed of renal function recovery may
have an impact on long-term renal function and quality of
life. Additional studies are required to investigate the effect
of different treatment strategies on long-term renal
function.

In conclusion, our study confirmes that early initiation
RRT for fluid management to reduce CVP levels is
conducive to the recovery of renal function in patients with
sepsis kidney injury compared with the delayed-initiation
RRT strategy.
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