タイトル
作成者（著者）

Assessment of Postoperative Renal Dysfunction Requiring Prolonged
Renal Replacement Therapy and the Associated Mortality Rate
Kogawa, Rikizo / Ochiai, Ryoichi

公開者

The Medical Society of Toho University

発行日

2019.12.01

ISSN

21891990

掲載情報

Toho Journal of Medicine. 5(4). p.173-178.

資料種別

学術雑誌論文

内容記述

Original Article

著者版フラグ

publisher

JaLCDOI

info:doi/10.14994/tohojmed.2019-009

メタデータのＵＲＬ

https://mylibrary.toho-u.ac.jp/webopac/TD35126739

（45）１７３

Original Article
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２）
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ABSTRACT
Introduction: Postoperative renal dysfunction requiring renal replacement therapy (RRT) is associated
with a poor postoperative outcome. The aim of this study was to evaluate perioperative renal function
among patients who required postoperative RRT.
Methods: This was a retrospective cohort study of Japanese patients who required RRT within 6 months
of surgery at our institution over the previous 10-year period of observation. Following data were extracted
from electronic patient records for analysis: preoperative renal function, incidence of RRT, recovery rate
from RRT, and mortality rate at 6 months after surgery. Univariate and multivariate logistic regression
analyses were conducted to determine the odds ratio (OR) for postoperative RRT dependence.
Results: Among 48677 patients who underwent surgery, 769 required RRT postoperatively. Of these latter patients, 159 did not receive RRT preoperatively. Therefore, the inductive rate of new RRT was 0.33%
(159 of 48067 patients). The mortality rate was 42.1% (67 of 159) in patients who required new RRT. In patients who received new RRT without preoperative renal dysfunction, the recovery rate from RRT was
100% compared with 80.4% in patients with preoperative renal dysfunction. In multivariate analysis, the preoperative estimated glomerular filtration rate [adjusted OR = 0.76 (0.63-0.92), p = 0.005) was a significant risk
factor for postoperative RRT dependence. The mortality rate related to multiple organ failure and sepsis in
patients requiring postoperative RRT was 83.8%-90%.
Conclusions: Preoperative renal function is the most important factor influencing postoperative renal outcome.
Toho J Med 5 (4): 173―178, 2019
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Introduction

tive stay in the intensive care unit (ICU), as well as increases the total length of hospitalization and risk of mor-

Perioperative acute kidney injury (AKI) is a well-

tality. Moreover, perioperative AKI is associated with

recognized factor that increases the duration of postopera-

worse short- and long-term postoperative outcomes.１―１４）An

＊
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incidence of AKI of 1%-25% has been reported among hos６―８，
１５，
１６）

tronic medical records, and the following data were ex-

with the perioperative incidence

tracted for analysis: preoperative renal function, the inci-

estimated at 0.1%-43%.２，３，１０―１２，１７）Specifically, the incidence of

dence rate of RRT, recovery rate from RRT, and mortality

pitalized patients,

２，
１０）

com-

rate at 6 months after surgery. Patients who received

１２，
１７）

RRT preoperatively were excluded. Renal function was

Renal replacement therapy (RRT) is considered to be an

quantified using the estimated glomerular filtration rate

important therapeutic strategy for the management of pa-

(eGFR), which was adjusted for age, sex, and serum cre-

tients with AKI presenting with rapid injury and the dete-

atinine (Cr) level. Preoperative renal dysfunction was de-

rioration of renal function. However, RRT itself is associ-

fined as an eGFR of ＜60 ml/min/1.73 m2.

AKI was 1%-43% after cardiovascular surgery

pared with 0.8%-7.5% after non-cardiovascular surgery.

ated with worse postoperative functional renal out-

Continuous variables were analyzed using the Studentʼs

comes.１０，１６） An incidence of AKI of 32% was reported

t-test, whereas categorical variables were analyzed using

among patients without a history of preoperative chronic

the chi-squared or Fisherʼs exact test. Univariate and mul-

kidney disease who were admitted to the ICU after sur-

tivariate logistic regression analyses were subsequently

gery, with 6% of these patients requiring RRT. Complete

conducted to determine the odds ratio (OR) for postopera-

or partial recovery from RRT was achieved in 97% of

tive RRT dependence. Variables with a p-value of ＜0.1 in

these patients, with the other 3% remaining RRT-

univariate analyses were included in the multivariate

dependent at the time of hospital discharge.３） Although

analysis. All statistical analyses were performed using

various studies have reported on the rate of postoperative

SPSS for Windows (version 24.0; SPSS Japan Inc., Tokyo,

AKI and the associated need for RRT and functional renal

Japan). P-values of ＜0.05 were considered statistically sig-

outcomes, only a few of these studies have specifically fo-

nificant.

cused on Japanese populations. As the incidence of AKI
and clinical outcomes after RRT are influenced by ethnic-

Results

ity,１８，１９） the determination of the predictive factors of post-

The patient flowcharts of the study are shown in Fig.

operative renal prognosis in Japanese populations is im-

1，2. Over the 10-year period of observation, 48677 pa-

portant for identifying patients at risk for postoperative

tients underwent surgery at our department. Among

AKI and RRT, as well as in providing appropriate pe-

these, 769 patients required RRT within 6 months of sur-

rioperative management to lower the risk and optimize

gery. Of these latter patients, 159 did not receive RRT pre-

postoperative renal function. Therefore, the aims of our

operatively. Therefore, the inductive rate of new RRT af-

study were as follows: (1) to determine the inductive rate

ter surgery was 0.33% (159 of 48067 patients). The mortal-

of new RRT after surgery, (2) to evaluate the association

ity rate was 42.1% (67 of 159) in patients who required new

between preoperative renal function and postoperative

RRT postoperatively compared with 6.4% (39 of 610) in pa-

mortality and recovery from RRT, and (3) to identify the

tients who had received RRT preoperatively (p < 0.001).

predictive factors of postoperative RRT dependence. Our

The mortality rate was 47.4% (37 of 78) in patients who

retrospective analysis to address these aims was per-

had not received RRT preoperatively and did not have

formed in a cohort of Japanese patients who received in-

preoperative renal dysfunction. For the 41 patients who

traoperative anesthesia care at our department over a 10-

survived in this group, the recovery rate from RRT at the

year period of observation.

time of discharge was 100%. By comparison, the mortality

Methods

rate was 37.0% (30 of 81 patients) with a recovery rate
from RRT of 80.4% (41 of 51) in patients who had not re-

The study protocol was approved by the Ethics Com-

ceived RRT preoperatively and had preoperative renal

mittee of the Toho University Omori Medical Center, Ja-

dysfunction. Of note, in patients who had not received

pan (24-188, 25-30, 26-71, and 26-2639). Study data were col-

RRT preoperatively, preoperative renal dysfunction did

lected from patients who underwent a surgical procedure,

not increase the mortality rate at 6 months after surgery

requiring intraoperative anesthesia management at our in-

(p = 0.184). However, the difference in recovery rate be-

stitution between April 1, 2004, and March 31, 2014, and re-

tween the two groups was significant (p = 0.002).

quired RRT within 6 months after surgery. Patients meet-

In the groups classified according to preoperative renal

ing these inclusion criteria were identified from our elec-

function, the mortality rate related to multiple organ failToho Journal of Medicine・December 2019
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Patients who underwent surgery under general anesthesia
n = 48677

Patients without postoperative RRT
n = 47908

Patients with postoperative RRT
n = 769

Patients with preoperative RRT
n = 610

Fig. 1

Patients without preoperative RRT
n = 159

Patient background in terms of perioperative renal replacement therapy (RRT).

Patients with preoperative RRT
n = 610

Patients without preoperative RRT
n = 159

Preoperative renal dysfunction

With renal dysfunction
n = 81/159 (50.9%)

Without renal dysfunction
n = 78/159 (49.1%)
p = 0.184

6-month mortality
n = 39/610 (6.4%)

6-month mortality
n = 30/81 (37.0%)

6-month mortality
n = 37/78 (47.4%)
p = 0.355

p < 0.001

Mortality related to
MOF or sepsis
n = 27/30 (90%)

Mortality related to
MOF or sepsis
n = 31/37 (83.8%)
p = 0.002

Weaned from RRT
n = 41/51 (80.4%)

Weaned from RRT
n = 41/41 (100%)

Fig. 2 Mortality and weaning rate among patients with postoperative renal replacement therapy (RRT).
MOF: multiple organ failure.

ure (MOF) and sepsis was as follows: 83.8% (31 of 37) in pa-

pared between 82 patients who recovered from RRT and

tients without preoperative renal dysfunction and 90% (27

10 patients who remained RRT-dependent at the time of

of 30) in patients with preoperative renal dysfunction. The

discharge. The results of the univariate and multivariate

difference between the two groups was not significant (p

analyses are provided in Table 1. The following variables

= 0.355).

were identified as significant in univariate analysis (p ＜

Relevant demographic and health factors were comVol. 5 No. 4

0.1): age, preoperative eGFR (basal eGFR), preoperative Cr
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Table 1

Demographic and clinical factors
Univariate analysis
Weaned
from RRT
n＝82

Parameter

Age, year, mean (SD)
Male, n (%)
Emergent status, n (%)
preoperative Cr, mg/dl, mean (SD)
preoperative eGFR, ml/min/1.73 m2, mean (SD)
max Cr, mg/dl, mean (SD)
last Cr, mg/dl, mean (SD)
CPB use, n (%)

64.6
50
52
1.1
60.5
2.1
1.1
27

(17.8)
(61)
(63)
(0.7)
(27.4)
(2.0)
(1.1)
(32)

Not weaned
from RRT
n＝10
75.3
7
3
4.6
12.8
8.2
6.3
2

Multivariate analysis
p-value

(7.1)
(70)
(30)
(2.2)
(6.6)
(1.9)
(2.2)
(20)

Adjusted
odds
ratio

95% CI

p-value

1.14

0.92-1.41

0.225

0.35

0.03-4.90

0.434

0.76

0.63-0.92

0.005

0.063
0.426
0.046
0.001
＜0.001
＜0.001
＜0.001
0.331

RRT: renal replacement therapy, Cr: creatinine, eGFR: estimated glomerular filtration rate, CPB: cardiopulmonary bypass
basal Cr/eGFR: preoperative Cr/eGFR level
max Cr: perioperative highest Cr level
last Cr: Cr level at hospital discharge

1
Probability of RRT dependence

0.9
0.8

Probability = 1/{1 + exp[– (4.051 – 0.238 ʹ eGFR)]}
n = 92, p = 0.001

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
0

20

40

60

80

100

120

140

eGFR (ml/min/1.73m2)

Fig. 3 Estimated glomerular filtration rate (eGFR) and the logistic regression
model-estimated probability of renal replacement therapy (RRT) dependence.

(basal Cr) level, perioperative highest Cr (max Cr) level, Cr
level at the time of discharge (last Cr), and emergent
status of the surgery. Cr levels were excluded from multivariate analysis to prevent multicollinearity with eGFR.

A 50% risk of postoperative RRT dependence was associated with a basal eGFR of 17.02 ml/min/1.73 m2.

Discussion

Multiple logistic regression analysis indicated that the ba-

We conducted a single-center, retrospective study to

sal eGFR [adjusted OR = 0.76 (0.63-0.92), p = 0.005] was a

evaluate the association between preoperative renal func-

significant risk factor for postoperative RRT dependence.

tion and the postoperative outcomes of the patients who

In the logistic regression analysis, the basal eGFR was

had received new RRT postoperatively using data from

found to be a significant predictor of postoperative RRT

our department of anesthesiology over a 10-year period of

dependence (p = 0.001; Fig. 3), according to the following

observation. The main findings of our study were as fol-

equations:

lows: the inductive rate of new RRT was 0.33%, with a

probability = 1/{1+exp[(4.051  0.238

basal eGFR)]}

mortality rate of 42.1% in patients who required new RRT
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postoperatively. This mortality rate was markedly higher

time renal function has been criticized, and these factors

than the 6.4% rate in patients who had received RRT pre-

should be carefully considered when making clinical deci-

operatively. In patients who did not receive RRT preop-

sions on care.２３，２４）

eratively, preoperative renal dysfunction did not increase

Furthermore, in multiple logistic regression analysis, we

the mortality rate at 6 months after surgery. However, in

identified that the preoperative eGFR was a significant

univariate analyses, we identified the following predictive

risk factor for postoperative RRT dependence. A 50% risk

factors of postoperative RRT dependency at the time of

of postoperative RRT dependence was found to be corre-

discharge: preoperative Cr level, preoperative eGFR, pe-

lated with a basal eGFR of 17.02 ml/min/1.73 m2. Thus, we

rioperative highest Cr level, and Cr level at the time of dis-

suggest that preoperative renal function is the most im-

charge.

portant factor related to postoperative renal outcome.

Previous studies have reported mortality rates of 42%-

The mortality rate related to MOF and sepsis in pa-

80% in patients with AKI requiring postoperative

tients requiring new RRT postoperatively was 83.8%-90%

５，
１０，
１３，
１４，
１６，
２０，
２１）

RRT,

with a perioperative range of 42%-

in our study. Therefore, MOF and sepsis after surgery are

72%.２０，２１） In comparison, the mortality rates at 6 months af-

aggravating risk factors of mortality rate, regardless of

ter surgery in our study were 47.4% in patients without

preoperative renal function. The need for postoperative

preoperative renal dysfunction and 37.0% in patients with

RRT reflects a high degree of physiological stress, which is

preoperative renal dysfunction. Although not statistically

an important factor in a patientʼs progression from postop-

significant, the higher rate of mortality in patients without

erative status to a general status of morbidity, which in-

preoperative renal dysfunction may reflect the greater re-

cludes MOF and sepsis.

nal damage that affects the patientʼs progression from normal preoperative renal function to postoperative RRT.

Our study has several limitations. First, as mentioned
above, we extracted detailed data on renal function only

Previous studies that evaluated perioperative renal

for patients who required new RRT postoperatively, ex-

function in patients with postoperative AKI have reported

cluding patients who had required RRT preoperatively

a higher risk of progression to chronic kidney disease and

and those who did not require RRT postoperatively. Thus,

mortality in patients without preoperative renal dysfunc-

we could not estimate postoperative renal outcomes in all

tion compared with patients with preoperative renal dys-

surgical patients. Second, with a study period of 10 years,

function.５，８） We confirmed this same paradoxical finding in

the assessment of long-term outcomes was not possible for

our study.

eligible patients recruited in the latter part of the period of

The recovery rate from RRT in our study was 100% in

observation. Therefore, we used mortality at 6 months af-

patients without preoperative renal dysfunction compared

ter surgery as a measure of short-term outcome. Prospec-

with 80.4% in patients with preoperative renal dysfunc-

tive observational studies will be needed to provide more

tion. Therefore, preoperative renal dysfunction was associ-

details on the predictive factors of postoperative RRT and

ated with a 19.6% rate of RRT dependence. Previous stud-

mortality. Although we identified that the preoperative

ies have reported a rate of progression to RRT depend-

eGFR level was a significant risk factor of postoperative

ence of 2.2%-3%,２，３，１７） which was lower than that in our

RRT dependence, our study was conducted retrospec-

study. Of note, patients with preoperative renal dysfunc-

tively; thus, we could not evaluate the direct mechanism of

tion were not included in these previous studies. More-

renal dysfunction. A prospective study evaluating the fac-

over, our findings on high increases in Cr level at the time

tors affecting perioperative renal function is required.

of discharge from basal level among patients with RRT de-

In conclusion, we assessed postoperative renal outcomes

pendence indicate the need for continuous monitoring of

among patients who required RRT after surgery over a

Cr levels throughout the perioperative period.

10-year period in our institution. Although we advocate

Recent studies have demonstrated an association be-

the general need for more advanced perioperative care to

tween small increases in serum Cr levels during hospitali-

lower the risk in this clinical population, we identified pre-

１，
４，
１０）

zation and worse long-term outcomes.

However, as Cr

levels are influenced by age, sex, muscle mass, type of sur-

operative renal dysfunction as a specific risk factor for
non-recovery from RRT postoperatively.

gery, and perioperative therapy, including fluid therapy,
the validity of using only Cr levels as a measure of realVol. 5 No. 4
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