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The effects of perioperative intravenous fluid
administration strategy on renal outcomes in
patients undergoing cardiovascular surgery
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Abstract
We assessed whether perioperative fluid management with balanced solutions and a limited volume of hydroxyethyl starch (renal-
protective fluid management [RPF] strategy) could improve renal outcomes after cardiovascular surgery.
For this retrospective observational study, we evaluated 2613 patients who underwent cardiovascular surgery from January 1,

2010 to December 31, 2013. The control group were given intravenous fluids with saline-based solutions and unlimited volumes of
hydroxyethyl starch solutions and the RPF group were given intravenous fluids with RPF. The primary outcome was the incidence of
acute kidney injury (AKI) and chronic dialysis within 12 months after cardiovascular surgery. Multivariable regression and propensity
analyses were performed to evaluate the association between perioperative fluid management strategy and postoperative renal
outcomes.
Postoperative AKI and chronic dialysis occurred in 213 (21.2%) and 5 (0.5%) patients in the RPF group comparedwith 696 (43.2%)

and 38 (2.4%) patients in the control group, respectively. After adjustment, the RPF group was linked to a decreased risk of
postoperative AKI, severe AKI, persistent AKI, use of renal replacement therapy, chronic kidney disease, chronic dialysis, and a
shorter postoperative extubation time and intensive care unit, and hospital stay duration.
The perioperative fluid management strategy with balanced solutions and a limited volume of hydroxyethyl starch was related to

improved acute and 1-year renal and clinical outcomes after cardiovascular surgery. These findings indicate the need for further
definitive clinical trials on perioperative fluid management strategy.

Abbreviations: AKI= acute kidney injury, CI= confidence interval, CKD= chronic kidney disease, GFR= glomerular filtration rate,
HES = hydroxyethyl starch, HR = hazard ratio, ICU = intensive care unit, KDIGO = kidney disease improving global outcomes, OR =
odds ratio, RPF = renal-protective fluid management, RRT = renal replacement therapy, sCr = serum creatinine.
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1. Introduction period, but the choice of replacement fluid is still debated.[1–4]
The administration of intravenous fluids is an essential part of the
prevention and treatment of hypovolemia during the perioperative
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Although there are many available intravenous fluids with various
biological and physiochemical properties, 0.9% saline and
hydroxyethyl starch (HES) solution are the most frequently used
crystalloid and colloid solutions, respectively.[5] Recently, several
studies demonstrated that the choice of intravenous fluids
administered could affect patient outcomes, especially renal
outcomes.[2,6–10] Colloids have potential advantages over crystal-
loids, including more efficient volume expansion, improved
microcirculation, decreased edema, and better preserved lung
function. However, recent studies demonstrated that volume
resuscitationusingHES solutionswas related to an increased riskof
mortality and acute kidney injury (AKI), and higher doses of HES
solution were related to a higher incidence of these adverse
effects.[4,6,7,9,11,12] Additionally, excessive use of 0.9% saline and
saline-based colloids containing supraphysiological concentrations
of chloride for resuscitation can lead to hyperchloremic metabolic
acidosis, which could be associated with altered inflammatory
response, impaired coagulation, and deteriorated cardiovascular
function.[8,13,14] Moreover, infusion of hyperchloremic solutions
can cause renal vasoconstriction and consequently lead to
reductions in renal perfusion and glomerular filtration rate
(GFR).[15–17] Recent observational studies have suggested that
intravenous fluid replacement with a balanced solution may be
associated with a decreased risk of renal dysfunction, morbidities,
and mortality in critically ill or surgical patients.[2,8,10,14]
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Given the high risk of AKI in cardiovascular surgical patients
and the growing concern regarding the potential adverse effects
of HES and saline-based solutions, perioperative fluid therapy
using balanced solution and a limited amount of HES solution
(renal-protective intravenous fluid management, RPF) may
have beneficial effects on renal outcomes after cardiovascular
surgery. Recently, we have reported that this RPF strategy is
related to a decreased risk of AKI after elective off-pump
coronary artery bypass graft surgery.[18] However, the ability to
generalize across studies is limited, because testing occurred in
highly preselected patient populations. Therefore, we con-
ducted this study to further evaluate the effect of a RPF
management strategy on the postoperative immediate and 1-
year renal function and clinical outcomes in more a heteroge-
neous population with preoperative normal renal function
undergoing cardiovascular surgery.
2. Methods

2.1. Study population

We performed a retrospective observational study including all
patients aged ≥20 years who underwent cardiovascular surgery
(coronary bypass, valve surgery, aortic surgery, or combined
surgery) at our institution between January 1, 2010 and
December 31, 2013. All clinical data for all patients were
acquired from the Asan Medical Center Cardiovascular Surgery
and Anesthesia Database and from a retrospective review of the
computerized patient record system (Asan Medical Center
Information System Electronic Medical Record).
This retrospective study included 2 cohorts that were defined

according to the type and amount of fluid received during the
perioperative period (i.e., during and within 48hours after
surgery). On July 5, 2012, we changed the institutional
perioperative fluid management strategy from a saline-based
solution and unlimited amount of HES solution to a balanced
solution and limited amount (perioperative cumulative amount
<30mL/kg body weight) of HES solution.[18] We defined the
control group as all patients who underwent cardiovascular
surgery at our institution during the control period (January 1,
2010–July 4, 2012) and the RPF group as all patients who
underwent cardiovascular surgery during the RPF period (July
23, 2012–December 31, 2013). This control periodwas chosen as
the immediately prior 2 years to minimize the effects of other
perioperative management practice patterns. There were no
significant changes in the surgical and perioperative care protocol
between the control and the RPF period except the perioperative
intravenous fluid administration strategy.
We excluded patients with missing serum creatinine (sCr),

those with preoperative dialysis or an eGFR <60mL/min/1.73
m2, those with a preoperative intra-aortic balloon pump or
mechanical circulatory assist devices, those who underwent
endovascular surgery, those with past history of organ
transplantation or nephrectomy, and those receiving combina-
tions of saline-based and balanced solutions during surgery. We
also excluded patients admitted during the approximate 2-week
period (duration of the combined use of saline-based solutions
and balanced solution) between the 2 fluid management strategy
periods and who received cumulative amounts >30mL/kg body
weight of HES solution during the RPF period. This study was
approved by the Institutional Review Board of our institution
(AMC-IRB 2015–0103) and informed consent was waived by the
board. This study was conducted in accordance with the
2

STROBE (Strengthening the Reporting of Observational Studies
in Epidemiology) guidelines.[19]

For fluid management, all patients in the control group
received intravenous fluids with saline-based solutions and an
unlimited amount of HES solution during surgery and the
immediate postoperative period. The saline-based solutions
included 0.9% saline (chloride concentration: 150mmol/L; JW
Pharmaceutical Co., Seoul, South Korea) and 6% HES 130/0.4
(chloride concentration: 154mmol/L, Voluven; Fresenius-Kabi,
Bad Homburg, Germany). In contrast, all patients in the RPF
group received intravenous fluids with balanced solutions during
surgery and a limited amount of HES solution during surgery and
in the immediate postoperative period (cumulative amount <30
mL/kg body weight). The balanced solutions included Plasma
Solution-A (chloride concentration: 98mmol/L; CJ HealthCare
Co., Seoul, South Korea) and 6% HES 130/0.4 (chloride
concentration: 110mmol/L, Volulyte; Fresenius-Kabi). Although
patients in the RPF group were given a totally balanced solution
during surgery, they received balanced HES and 0.9% saline for
volume replacement during the immediate postoperative period.
Administration of the cumulative amount of HES solution during
the perioperative period was limited to 30mL/kg, and, when
requiring higher than the maximum cumulative dose of HES
solution, crystalloid, or a blood product was used as needed.
Our cardiovascular surgery and perioperative management

strategies have been previously described in detail.[20] During
both study periods, the goals of hemodynamic management
during perioperative period were to maintain hemodynamic
stability (mean arterial pressure >65mmHg, heart rate >60
beats/min, central venous pressure of 8–12mmHg, pulmonary
capillary wedge pressure of 12–15mmHg, urine output>0.5mL/
kg/h, cardiac index >2.0L/min/m2, and mixed venous oxygen
saturation >70%). Standard hemodynamic management for
cardiovascular surgery included mainly fluid administration to
achieve normovolemia and preset hemodynamic goal in addition
to vasopressors or inotropes to prevent excessive fluid adminis-
tration (see Expanded Methods, Supplemental Content, http://
links.lww.com/MD/C826, which describes our cardiovascular
surgery and perioperative management strategies).
2.2. Outcome variables and definitions

The primary endpoint was the incidence of AKI and chronic
dialysis within 12 months after cardiovascular surgery. Postop-
erative AKI was defined and staged by the Kidney Disease
Improving Global Outcomes (KDIGO) criteria using a change in
sCr (an increase in sCr by ≥0.3mg/dL within 48hours of surgery;
or an increase in sCr to ≥1.5 times baseline within 7 days of
surgery).[21] Chronic dialysis was defined as ongoing dialysis
support beyond 90 days after initiation within 12 months of
cardiovascular surgery, with the start date defined as the date of
the first of these treatments.
Secondary endpoints were the incidence of severe AKI

(≥KDIGO stage 2), requirement for renal replacement therapy
(RRT) in the hospital, renal outcome at the time of discharge,
chronic kidney disease (CKD) within 12 months after surgery,
time to extubation following surgery, length of intensive care unit
(ICU) and hospital stay after surgery, and death within 12
months after surgery. Mortality was defined as death from any
cause within 12 months of cardiovascular surgery. Data
regarding renal outcomes and mortality were obtained during
visiting outpatient clinics, and by a detailed review of all medical
records, by telephone interviews, or from the National Popula-
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Table 1

Baseline and operative characteristics of the study patients.

Crude PS matching

Control RPF P value SD mean,% Control RPF P value SD mean,%

N (%) 1610 (61.6) 1003 (38.4) 792 (50.0) 792 (50.0)
Preoperative
Age, yr 60.2±12.1 59.5±13.1 .12 6.30 59.7±12.6 59.8±12.7 .89 1.00
Male 1018 (63.2) 588 (58.6) .02 9.50 468 (59.1) 474 (59.9) .76 1.50
BMI, kg/m2 23.9±3.3 23.9±3.4 .76 1.20 23.8±3.4 23.9±3.3 .59 2.70
EuroSCORE (logistic) 3.2 [1.7–6.2] 3.6 [1.9–7.0] .23 4.90 3.4 [1.8–6.6] 3.2 [1.8–6.4] .56 2.90
Hematocrit (%) 38.7±4.9 38.6±5.1 .92 0.40 38.8±4.9 38.8±5.1 .87 0.80
Creatinine, mg/dL 0.8±0.2 0.8±0.2 .004 11.60 0.8±0.2 0.8±0.2 .81 1.20
Bilirubin, total, mg/dL 0.8 [0.6–1.0] 0.6 [0.4–0.8] <.001 39.50 0.7 [0.6–0.9] 0.6 [0.4–0.9] .09 8.30
Albumin, g/dL 3.8±0.5 3.7±0.5 <.001 20.50 3.8±0.5 3.8±0.5 .32 5.00
Uric acid, mg/dL 5.5±1.6 5.5±1.8 .70 1.50 5.5±1.7 5.5±1.8 .61 2.60
LVEF (%) 56.8±10.7 57.7±10.7 .04 8.90 57.3±10.6 57.7±10.7 .47 3.60
Chloride level, mmol/L 104.2±3.4 103.8±3.4 .004 11.50 103.9±3.4 104.0±3.3 .82 1.10
Diabetes mellitus 384 (23.9) 207 (20.6) .06 7.70 164 (20.7) 171 (21.6) .67 2.20
Hypertension 786 (48.8) 462 (46.1) .17 5.50 265 (46.1) 379 (47.9) .48 3.50
Congestive heart failure 108 (6.7) 76 (7.6) .39 3.40 58 (7.3) 55 (6.9) .77 1.50
Cerebrovascular disease 195 (12.1) 87 (8.7) .01 11.30 76 (9.6) 80 (10.1) .74 1.70
PVD 204 (12.7) 97 (9.7) .02 9.50 82 (10.4) 81 (10.2) .93 0.40
COPD 34 (2.1) 41 (4.1) .003 11.40 22 (2.8) 24 (3.0) .77 1.50
ACEI or ARB 674 (41.9) 435 (43.4) .45 3.00 344 (43.4) 345 (43.6) .96 0.30
b-blocker 733 (45.5) 430 (42.9) .18 5.40 340 (42.9) 344 (43.4) .83 1.00
CCB 834 (51.8) 415 (41.4) <.001 21.00 346 (43.7) 364 (46.0) .36 4.60
Diuretics 585 (36.3) 376 (37.5) .55 2.40 306 (38.6) 296 (37.4) .61 2.60
Insulin 189 (11.7) 80 (8.0) .002 12.60 73 (9.2) 74 (9.3) .93 0.40
OHA 287 (17.8) 169 (16.9) .52 2.60 132 (16.7) 136 (17.2) .79 1.30
Aspirin 652 (40.5) 383 (38.2) .24 4.70 308 (38.9) 309 (39.0) .96 0.30
Clopidogrel 378 (23.5) 219 (21.8) .33 3.90 183 (23.1) 182 (23.0) .95 0.30
Statins 734 (45.6) 511 (51.0) .008 10.70 378 (47.7) 386 (48.7) .69 2.00

Intraoperative data
Elective operation 1535 (95.3) 929 (92.6) .004 11.50 746 (94.2) 749 (94.6) .74 1.60
Type of surgery <.001 .89
CABG 563 (35.0) 271 (27.0) 17.25 225 (28.4) 237 (29.9) 3.33
Valve 688 (42.7) 486 (48.5) 11.51 379 (47.9) 369 (46.6) 2.53
Aorta 125 (7.8) 68 (6.8) 3.79 51 (6.4) 54 (6.8) 1.52
Combined 234 (14.5) 178 (17.8) 8.74 137 (17.3) 132 (16.7) 1.68
On-pump surgery 1106 (68.7) 799 (79.7) <.001 25.30 601 (75.9) 602 (76.0) .95 0.30
CPB time, min 102 [0–154] 121 [66–169] .03 10.25 115 [4–165] 114 [0–161] .21 7.17
Operation time, min 270 [225–345] 269 [221–335] .08 6.90 270 [221–335] 269 [222–330] .61 2.60

Data are expressed as number of patients (%), mean± standard deviation, or median (first-third quartiles).
ACEI=angiotensin-converting enzyme inhibitor, ARB= angiotensin receptor blocker, BMI=body mass index, CABG=coronary artery bypass grafting, CCB=calcium channel blocker, COPD= chronic
obstructive pulmonary disease, CPB= cardiopulmonary bypass, EuroSCORE=European System for Cardiac Operative Risk Evaluation, LVEF= left ventricle ejection fraction, OHA=oral hypoglycemic agent, PS=
propensity score, PVD=peripheral vascular disease, RPF= renal-protective intravenous fluid administration strategy group, SD mean= standardized difference of the mean.
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tion Registry of the Korean National Statistical Office. For
chronic renal outcomes, an individual who was surviving at 3
months after surgery was censored at death or at the end of the
study period (see Expanded Methods, Supplemental Content,
http://links.lww.com/MD/C826, which describes our outcome
variables and definitions).
2.3. Statistical analysis

The primary objective of this study is to assess the effect of an RPF
strategy on the postoperative AKI and chronic dialysis. The
secondary objective is to assess the effect of an RPF strategy on
other renal and clinical outcomes after cardiovascular surgery.
Categorical variables are expressed as numbers (percentages),

and continuous variables asmean± standard deviation ormedian
with interquartile range. In the unmatched cohort, between-
group differences in preoperative and intraoperative character-
3

istics and postoperative outcomes were compared using the chi-
squared test or Fisher exact test for categorical variables and the
Student t test or Mann–Whitney rank-sum test for continuous
variables when appropriate.
To reduce the effect of treatment-selection bias and potential

confounding due to systematic differences between the study
groups and to determine the effect of perioperative intravenous
fluid administration strategy alone on postoperative renal
function, propensity score matching was conducted. Multivari-
able logistic regression analyses and multivariable Cox propor-
tional hazards regression analyses were also conducted to assess
the independent relationships between the perioperative intrave-
nous fluid administration strategy and postoperative acute and
1-yr renal outcomes. All predictor variables in Table 1 were
assessed independently, and variables with a P value <.20 in the
univariate analyses were selected to be entered into the
multivariable analyses. A backward elimination process with a
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Figure 1. Study flow diagram. Cr=creatinine, eGFR=estimated glomerular filtration rate, HES=hydroxyethyl starch, IABP= intraaortic balloon pump, RPF= renal-
protective intravenous fluid management, VAD=ventricular assist device.
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P value cut-off of .05 was used to develop the final multivariable
models. Adjusted odds ratio (OR) with 95% confidence interval
(CI) for the logistic regression and adjusted hazard ratio (HR)
with 95% CIs for the Cox proportional hazards regression were
calculated. Cumulative chronic dialysis-free 1-year survival
curves in the entire and propensity matched cohorts were drawn
using Kaplan–Meier analyses, and log-rank tests were used to
determine the statistical significance of the differences.
To evaluate the robustness of our findings, several sensitivity

analyses were also performed. Because death could be a
competing risk for chronic renal outcomes, we also performed
competing risk sensitivity analyses using the Fine and Gray
method.[22] An additional weighted logistic regression and
weighted Cox proportional hazards regression analyses with
an inverse probability of treatment weighting was conducted (see
Expanded Methods, Supplemental Content, http://links.lww.
com/MD/C826, which demonstrates detailed descriptions of the
propensity score matching, inverse probability of treatment
weighting and sensitivity analyses).
All the reported P values are 2-sided, and P values <.05 were

considered statistically significant. All data manipulations and
statistical analyses were conducted using SAS Version 9.1 (SAS
Institute Inc., Cary, NC) software and SPSS 20.0 for Windows
(IBM Corp., Armonk, NY).
4

3. Results
Between January 1, 2010 andDecember 31, 2013, a total of 3389
patients underwent cardiovascular surgery at our institution.
After excluding patients who met any of the exclusion criteria
(n=776), a total of 2613 patients with cardiovascular surgery
remained, 1610 patients in the control group, and 1003 patients
in the RPF group (Fig. 1).
The baseline and operative characteristics in the entire and the

propensity matched cohorts are shown in Table 1. During
surgery, the RPF group received more crystalloid solutions and
less colloid solutions than the control group. The mean colloid/
crystalloid ratio was 0.4:1 and 0.7:1 in the RPF and the control
groups, respectively. In the RPF group, the infused salvaged
blood volumes and urine output were lower and the postopera-
tive body weight gain was higher. During surgery and the
immediate postoperative period, less packed red blood cells were
used in the RPF group, and less patients in the RPF group received
fresh frozen plasma and platelet concentrate. The preoperative
serum chloride level was slightly but significantly decreased in the
RPF group, but the serum chloride level after surgery was
significantly less increased (4.3±4.1mmol/L vs 7.5±4.2mmol/L,
P< .001) and the incidence of immediate postoperative hyper-
chloremia was significantly lower in the RPF group compared
with the control group (Table 2).
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Table 2

Perioperative fluid administration in the study patients.

Crude PS matching

Control RPF P value Control RPF P value

N (%) 1610 (61.6) 1003 (38.4) 792 (50.0) 792 (50.0)
Intraoperative data
Crystalloid, L 1.4 [1.0–1.9] 1.7 [1.3–2.3] <.001 1.3 [0.9–1.7] 1.7 [1.3–2.3] <.001
Colloid, L 1.0 [0.5–1.2] 0.5 [0.5–1.0] <.001 0.8 [0.5–1.1] 0.5 [0.5–1.0] <.001
Colloid per weight, mL/kg 14.3 [8.9–20.0] 8.8 [6.6–13.3] < .001 13.5 [8.4–18.9] 9.1 [6.7–13.9] <.001
Colloid-to-crystalloid volume ratio 0.6 [0.4–0.9] 0.3 [0.2–0.5] <.001 0.6 [0.4–0.9] 0.3 [0.2–0.5] <.001
Cell saver blood, mL

∗
0 [0–250] 0 [0–0] <.001 0 [0–200] 0 [0–0] .002

Urine output, L 0.7 [0.4–1.1] 0.6 [0.4–0.9] <.001 0.7 [0.4–1.2] 0.6 [0.4–0.9] <.001
Postoperative data
Weight gain (%) 2.1 [0.5–3.9] 2.6 [1.0–4.5] <.001 2.2 [0.7–4.0] 2.6 [1.0–4.4] .02
Chloride level, mmol/L 111.7±4.1 108.1±4.3 <.001 111.5±4.1 108.3±4.3 <.001
Hyperchloremia, >110mmol/L 1014 (63.0) 287 (28.6) <.001 485 (61.2) 236 (29.8) <.001
Cumulative crystalloid, L† 2.7 [2.2–3.3] 3.1 [2.3–4.0] <.001 2.6 [2.2–3.2] 3.1 [2.2–4.0] <.001
Cumulative crystalloid per weight, mL/kg† 43.7 [35.3–54.2] 49.7 [35.9–65.0] <.001 42.7 [34.9–53.2] 49.9 [35.5–65.4] <.001
Cumulative colloid, L† 2.0 [1.5–2.5] 0.6 [0.5–1.0] <.001 1.9 [1.4–2.5] 0.6 [0.5–1.0] <.001
Cumulative colloid per weight, mL/kg† 30.9 [21.9–40.8] 10.3 [7.1–16.1] <.001 29.9 [21.1–39.3] 10.9 [7.4–16.5] <.001
Cumulative colloid-to-crystalloid volume ratio, L† 0.7 [0.5–0.9] 0.2 [0.1–0.3] <.001 0.7 [0.5–0.9] 0.2 [0.1–0.4] <.001
Packed red blood cell, unit† 2.5 [1.0–4.0] 2.0 [1.0–4.0] <.001 2.0 [1.0–4.0] 2.0 [1.0–3.2] <.001
Use of fresh frozen plasma† 1128 (70.1) 631 (62.9) <.001 559 (70.6) 490 (61.9) <.001
Use of platelet concentrate† 1005 (62.4) 511 (51.0) <.001 506 (63.9) 408 (51.5) <.001
Use of cryoprecipitate† 252 (15.7) 166 (16.6) .54 120 (15.2) 129 (16.3) .53

Data are expressed as number of patients (%), mean± standard deviation, or median (first-third quartiles).
PS=propensity score, RPF= renal-protective intravenous fluid administration strategy group.
∗
Cell saver blood, given blood volume of blood return from the blood salvage device.

† Used intraoperatively and for 48hours after surgery.
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In the entire and propensity score matched cohorts,
extubation time and ICU and hospital stay were shorter and
the incidence of reoperation for bleeding was lower in the RPF
group compared with the control group, but 30-day and 1-year
mortality were similar between the 2 groups (Table 3). Renal
outcomes after surgery were shown in Table 4. In the entire and
propensity score matched cohort, the incidence of AKI, severe
AKI, in-hospital RRT, persistent AKI at discharge, 1-year CKD,
and 1-year chronic dialysis were lower in the RPF group than in
the control group. These results were consistent with the results
of the inverse probability of treatment weighting analyses (see
Table S2 andTable S3, Supplemental Content, http://links.lww.
com/MD/C826, which illustrates the perioperative outcome
data in the inverse probability of treatment weighting
populations).
After adjusting by the multivariable analyses, the RPF group

was independently related to a lower risk of postoperative AKI
Table 3

Postoperative outcomes in the study groups.

Crude

Control RPF

N (%) 1610 (61.6) 1003 (38.4)
Re-exploration for bleeding 103 (6.4) 26 (2.6)
Maximal SOFAc score 3.0 [2.0–3.0] 3.0 [0–3.0]
Extubation time, h 12.0 [8.0–18.0] 9.5 [6.0–15.0]
Intensive care unit stay, d 2.0 [1.7–3.0] 1.9 [1.7–2.8]
Hospital stay, d 9.0 [7.0–14.0] 9.0 [7.0–14.0]
30-day death 28 (1.7) 20 (2.0)
1-year death 76 (4.7) 38 (3.8)

Data are expressed as number of patients (%) or median [first-third quartiles].
PS=propensity score, RPF= renal-protective intravenous fluid administration strategy group, SOFAc= c

5

and 1-yr chronic dialysis (see Table S4, Supplemental Content,
http://links.lww.com/MD/C826, which illustrates the other risk
factors related to the postoperative AKI). The RPF groupwas also
independently associated with a lower risk of severe AKI, in-
hospital RRT, persistent AKI at discharge, and 1-year CKD.
These relationships between RPF and chronic renal outcomes
were consistent with the results of the competing risk analyses.
Kaplan–Meier survival analyses stratified by the perioperative
intravenous fluid administration strategy showed that compared
with patients in the control group, patients in the RPF group had
a significantly higher likelihood of a chronic dialysis-free survival
rate in the total cohort (P< .001, Fig. 2A) and the propensity
matched cohort (P< .001, Fig. 2B). The association between the
RPF strategy and postoperative AKI was preserved across the
sensitivity analyses (see Table S5, Supplemental Content, http://
links.lww.com/MD/C826, which illustrates the results of the
sensitivity analyses).
PS matching

P value Control RPF P value

792 (50.0) 792 (50.0)
<.001 57 (7.2) 21 (2.7) <.001
.18 3.0 [2.0–3.0] 3.0 [0–3.0] .29

<.001 12.5 [8.0–18.0] 9.3 [6.0–15.0] <.001
.009 2.0 [1.7–3.0] 1.9 [1.7–2.8] .003
.05 9.0 [7.0–15.0] 8.0 [7.0–14.0] .002
.64 13 (1.6) 12 (1.5) .84
.26 33 (4.2) 28 (3.5) .51

ardiovascular sequential organ failure assessment in the first 24 hours.
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Table 4

Impact of renal-protective intravenous fluid administration strategy on renal outcomes.

No. (%) Unadjusted PS matching adjusted Multivariable adjusted

Control RPF Odds ratio (95% CI) P value Odds ratio (95% CI) P value Odds ratio (95% CI) P value

AKI�KDIGO 696 (43.2) 213 (21.2) 0.36 (0.30–0.44) <.001 0.32 (0.25–0.40) <.001 0.29 (0.23–0.36) <.001
AKI�AKIN 625 (38.8) 187 (18.6) 0.35 (0.30–0.42) <.001 0.33 (0.26–0.41) <.001 0.29 (0.23–0.36) <.001
≥KDIGO stage 2 254 (15.8) 54 (5.4) 0.30 (0.21–0.43) <.001 0.22 (0.14–0.35) <.001 0.20 (0.14–0.31) <.001
≥AKIN stage 2 184 (11.4) 37 (3.7) 0.30 (0.22–0.41) <.001 0.25 (0.17–0.37) <.001 0.21 (0.15–0.30) <.001
In-hospital RRT 79 (4.9) 29 (2.9) 0.58 (0.37–0.89) .013 0.50 (0.29–0.88) .017 0.55 (0.34–0.89) .016
Persistent AKI at discharge 194 (12.1) 52 (5.2) 0.40 (0.29–0.55) <.001 0.32 (0.22–0.47) <.001 0.33 (0.24–0.47) <.001

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value
1-year CKD

∗
134 (9.3) 35 (3.7) 0.40 (0.27–0.58) <.001 0.40 (0.26–0.62) <.001 0.40 (0.27–0.58) <.001

1-year CKD† 0.41 (0.28–0.59) <.001 0.42 (0.27–0.66) .002 0.39 (0.26–0.57) <.001
1-year chronic dialysis 38 (2.4) 5 (0.5) 0.21 (0.08–0.53) .001 0.21 (0.08–0.52) <.001 0.17 (0.07–0.44) <.001
1-year chronic dialysis† 0.21 (0.08–0.53) .001 0.21 (0.08–0.54) .001 0.15 (0.06–0.41) <.001

AKIN= acute kidney injury network classification, CI= confidence interval, CKD= chronic kidney disease, KDIGO=kidney disease improving global outcomes classification, PS=propensity score, RRT= renal
replacement therapy.
∗
CKD was available only in 1444 (89.7%) patients of the control group and 944 (94.1%) patients of the RPF group.

† Competing risk analyses.
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4. Discussion

In this observational study of patients who underwent cardio-
vascular surgery, we found that the RPF strategy was associated
with a significant decrease in the incidence of AKI, severe AKI, in-
hospital RRT, persistent AKI at discharge, CKD, and chronic
dialysis within 1 year after cardiovascular surgery. In addition,
we found that this strategy was also related to a shorter
extubation time, ICU stay, and hospital stay. Furthermore, these
findings remained significant after adjustment for baseline
variables and were supported by several sensitivity analyses.
Renal dysfunction occurs frequently after cardiovascular

surgery and is associated with a high morbidity and mortality
rate.[23,24] Because there are currently no effective treatment
Figure 2. Kaplan–Meier curves for the time to chronic dialysis after cardiovascular s
propensity matched cohort (B).
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options, optimizing perioperative care for the prevention of
postoperative renal dysfunction would be beneficial. Therefore,
the appropriate use of intravenous fluids during this period could
be important. However, to date, despite extensive studies
assessing the risks and benefits of the types and volume of
fluids, the ideal resuscitation fluid or combination of fluids during
the perioperative period remains an ongoing controversy. To our
knowledge, this is the first study to assess the impact of
perioperative intravenous fluid administration strategy on acute
and chronic renal outcomes in patients undergoing cardiovascu-
lar surgery. However, our findings are in line with previous
observations in different clinical settings suggesting that a large
volume infusion of HES solution and saline solutions with
supraphysiological concentrations of chloride may have detri-
mental renal effects.[2,4,8,9,12,25]
urgery by perioperative fluidmanagement strategy in the total cohort (A) and the
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Although the exact mechanisms remain unclear, a large volume
infusion of colloid and saline solution has been suggested to affect
renal function adversely. Although 0.9% saline is the most
frequently used intravenous solution during the perioperative
period, there is a concern about the adverse effects on renal
function of an intravenous solution containing supraphysiolog-
ical concentrations of chloride. Our study shows that adminis-
tration of saline-based solutions during surgery causes an
immediate postoperative hyperchloremia, consistent with previ-
ous studies showing that 0.9% saline results in significantly more
hyperchloremia and acidosis.[8,14] Earlier animal and human
studies showed that hyperchloremic solutions could induce renal
vasoconstriction and reduce renal blood flow, renal cortical tissue
perfusion, and GFR.[15–17] Recent observational studies demon-
strated that acute postoperative hyperchloremia was associated
with a poor postoperative outcome, and large infusions of
chloride-liberal fluids including 0.9% saline was linked to an
increased risk of major postoperative complications, including
renal dysfunction in non-cardiac surgery patients.[8,25,26]

Additionally, HES solutions are effective volume expanders
and have been used widely for intravascular volume replace-
ment during the perioperative period. Recently, a number of
clinical trials and meta-analyses have questioned the safety of
using a HES solution for fluid resuscitation due to concerns
about adverse effects on mortality and increased renal
dysfunction, especially in septic or critically ill patients.[4,6,7]

However, different underlying pathophysiologic conditions,
which could lead to different efficacy and safety profiles of HES
solutions, complicates the generalization of the safety concerns
from the critical care setting to the perioperative setting.
Moreover, the biological effects of the newer 6% HES 130/0.4
significantly differ from older-generation starches, and these
compounds are believed to be less likely to be nephrotoxic and
to cause coagulopathy in the perioperative setting.[3,27] Thus, to
date, no specific guidelines for the perioperative use of new-
generation 6% HES 130/0.4 are available. However, a recent
observational study in cardiac surgery patients demonstrated
that perioperative fluid therapy with the newer 6% HES 130/
0.4 was related to a higher risk of renal failure and greater use of
RRT.[9]

These findings from previous studies suggest that perioperative
volume replacement with chloride-restricted balanced solutions
and low volume HES could result in better postoperative renal
outcomes. We have recently reported in 783 patients that a
perioperative fluid management strategy affected renal and
clinical outcomes after off-pump coronary artery bypass graft
surgery.[18] These results were confirmed in the present more
heterogeneous and larger cohort. Furthermore, our results show
that a RPF strategy is associated with better chronic renal
outcomes as well as acute renal outcomes. These results strongly
support the concept that perioperative fluid management
strategies can affect long-term outcomes beyond the immediate
postoperative period.
Our findings suggest that higher cumulative doses of new-

generation 6% HES 130/0.4 during the perioperative period
could also be related to a higher risk of renal impairment and
blood transfusion in patients undergoing cardiovascular surgery.
Furthermore, the mean cumulative amount of HES solution
during the control period was 33.3mg/kg, which was well below
the manufacturer’s recommended daily dose limit of 50mg/kg for
6% HES 130/0.4. These observations are in accordance with the
findings of the previous studies suggesting that the adverse effects
of HES solutions may be linked to dosage[9,11] and support the
7

European Society of Intensive Care Medicine task force
recommendation to reassess the existing dose limits for newer
tetrastarches.[28]

Another finding from our study was that patients in the RPF
group had a decreased need for perioperative blood products and
reoperation for bleeding. This finding is in agreement with
previous studies that saline-based solution and HES could have
negative effects on blood coagulation and could aggravate the
cardiopulmonary bypass-related effects on the hemostatic
system.[8,29–31] On the other hand, beneficial effects of the RPF
strategy on renal outcomes may be due to the reduction in
perioperative blood transfusion rather than the RPF strategy
itself. Indeed, several studies have demonstrated that periopera-
tive blood transfusion may be independently linked to an
increased risk of AKI after cardiovascular surgery.[32,33] Thus, we
cannot completely exclude the possibility that differences in the
amount of perioperative blood transfusion could have influenced
our results.
The present study has several limitations. First, the 2 study

groups were from 2 different time periods (i.e., before-and-after
design), thus creating the possibility of related confounding
factors. For example, increasing concerns about AKI in the RPF
period might have encouraged physicians to implement
interventions, resulting in improved outcomes. Thus, we cannot
exclude the possibility that observed differences in outcomes
between the 2 groupsmay be due to secular changes over time as
a result of general improvements in the care of patients
undergoing cardiovascular surgery rather than the RPF strategy
itself. Moreover, because this was an observational study using
data collected retrospectively in the before and after periods, the
limitations of a nonrandomized retrospective observational
study remain. Although we performed a multivariable analysis
and propensity analyseswithmany variables to control bias and
obtain reliable results, it is still possible that residual
confounding due to unmeasured variables which cannot be
controlled by the statistical analysis may have influenced the
results. In other words, it is possible that any differences
between the 2 groups in renal outcome may not have resulted
from the intervention but might have been due to differences in
unmeasured baseline characteristics or just due to random
noise. Therefore, despite its strong relationships with a high
magnitude of statistical significance, our findings should be
regarded as a hypothesis generation step, and a causal
relationship between the perioperative fluid management
strategy and risk of postoperative renal dysfunction could
not be determined. Third, our findings could be attributed to the
net effect of both of 2 protective measures (i.e., an intraoper-
ative use of balanced solutions and a perioperative limited
amount of HES solution). However, dissecting the relative
contributions of these 2 factors is difficult. Moreover, this was a
study to assess the effects of implementing a care bundle
comprised of 2 components of perioperative intravenous fluid
administration strategy on renal outcomes after cardiovascular
surgery. Therefore, as with all studies evaluating a “bundle of
process,” we are not able to identify which component of our
intervention (restricting chloride, giving less sodium, using a
limited amount of HES solution during the perioperative
period, using balanced solutions containing acetate and
gluconate, delivering more potassium or magnesium, or any
combination of these) may have contributed to the changes in
outcomes observed. Thus, our results should be interpreted
with caution, and further prospective randomized studies will
be needed to increase our understanding of this association.

http://www.md-journal.com
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Fourth, our results from patients with preoperatively normal
renal function should not be extrapolated to patients with renal
dysfunction. Fifth, intraoperative hemodynamic instability
could have a negative impact on postoperative renal outcomes.
Because our database unfortunately contains no information on
the intraoperative hemodynamic data, we could not report the
effect of intraoperative hemodynamic status on renal outcomes,
however. Finally, there is wide variability across institutions in
the practice of fluid administered in the perioperative period.
Because this was a single-center study conducted at a tertiary
care academic medical center, caution should be taken when
generalizing these results to centers with different patient
profiles and different practices of fluid therapy.

5. Conclusion

This retrospective, single-center observational study found that a
perioperative intravenous fluid administration strategy using an
intraoperative total balanced solution and a perioperative limited
amount of HES solution was associated with better acute and
1-year renal outcomes after cardiovascular surgery. These
findings indicate an urgent need for further definitive clinical
trials in this field.
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