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Biomarkers Predicting Survival of Sepsis Patients Treated with

Continuous Renal Replacement Therapy
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The present study investigated the prognostic factors predicting survival of patients
with sepsis and acute kidney injury (AKI) undergoing continuous renal replacement
therapy (CRRT). This retrospective observational study included 165 sepsis patients
treated with CRRT. The patients were divided into two groups; the survivor group
(n=73, 44.2%) vs. the nonsurvivor group (n=92, 55.8%). AKI was defined by the 2012
Kidney Disease: Improving Global Outcomes Clinical Practice Guidelines. We ana-
lyzed medical histories, clinical characteristics and laboratory findings of the enrolled
patients when they started CRRT. In addition, we performed binary logistic regression
and cox regression analysis. In the survivor group, urine output during the first day
was significantly higher compared with the nonsurvivor group (55.7+66.3 vs. 26.6+
46.4, p=0.001). Patients with urine output <30 mL/hour during the 1st day showed
worse outcomes than =30 mL/hour in the logistic regression (hazard ratio 2.464, 95%
confidence interval 1.152-5.271, p=0.020) and the cox regression analysis (hazard ratio
1.935, 95% confidence interval 1.147-3.263, p=0.013). In conclusion, urine output may
predict survival of septic AKI patients undergoing CRRT. In these patients, urine out-
put <30 mL/hour during the first day was the strongest risk factor for in-hospital
mortality.
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INTRODUCTION

Sepsis is a systemic inflammatory reaction, and may pro-
ceed to multiple organ failure including acute kidney injury
(AKI)."? In critically ill patients, sepsis is closely associated
with in-hospital mortality.*” Hospital mortality was sig-
nificantly increased when AKI developed in intensive care
unit (ICU) patients.®*'! Furthermore, septic AKI patients
had a poorer prognosis than non-septic AKI patients."”

For early diagnosis and treatment of AKI, Acute Kidney
Injury Network (AKIN) and Risk, Injury, Failure; Loss,
End-Stage Renal Disease (RIFLE) criteria have been vali-
dated for diagnosis of AKI." Recently, AKI has been de-
fined by the 2012 Kidney Disease: Improving Global
Outcomes (KDIGO) Clinical Practice Guidelines.'* These
definitions based on serum creatinine and urine output as
surrogates for changes of glomerular filtration rate (GFR).
Increased stage AKI is associated with in-hospital
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mortality.""” Previous studies have also demonstrated
that the mortality of critically ill patients was associated
with the increased level of serum creatinine or oliguria."®
owever, clinical biomarkers predicting survival of septic
AKI undergoing continuous renal replacement therapy
(CRRT) have not yet been established although several bio-
markers have been investigated.'**'

The present study investigated the prognostic factors
predicting survival of septic AKI patients undergoing CRRT.

MATERIALS AND METHODS

This retrospective observational study included 165 pa-
tients with AKI and sepsis treated with CRRT between
December 2012 and August 2015. The patients were div-
ided into two groups; the survivor group (n=73, 44.2%) vs.
the nonsurvivor group (n=92, 55.8%). We defined sepsis as
systemic inflammatory response syndrome (SIRS) in re-
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sponse to an infectious process.? AKI was defined by the
2012 KDIGO Clinical Practice Guideline."* We analyzed
medical histories, clinical characteristics and laboratory
findings of the enrolled patients when they started CRRT.
Categorical variables were analyzed using the Chi-square
test. Parametric variables were expressed as the mean+
standard deviation, and analyzed by the unpaired t-test.
Binary logistic regression and cox regression analysis after
adjusting for age, sex, and medical histories were also
performed. Differences with values of p<0.05 were consid-
ered statistically significant.

TABLE 1. Clinical characteristics of survivor and nonsurvivor
group

Survivor Nonsurvivor

(n=73) (n=gz) Pvalue
Age (year) 71.6x11.6 72.6x11.0 0.553
Male sex, n (%) 31 (42.5) 56 (60.9) 0.190
Diabetes, n (%) 30 (41.1) 36 (39.1) 0.799
Hypertension, n (%) 40 (54.8) 49 (53.3) 0.846
Arrhythmia, n (%) 7(9.6) 6 (6.5) 0.471
CHEF, n (%) 4(5.5) 5(5.4) 0.990
OMI or UAP, n (%) 6 (8.2) 13 (14.1) 0.227
CVA, n (%) 13 (17.8) 15 (16.3) 0.800
COPD, n (%) 5(6.8) 7(7.6) 0.853
Chronic liver disease, n (%) 6 (8.2) 9(9.8) 0.731
SAPS 3 65.1+12.6 74.8+14.4 <0.001

Values are expressed as meanzstandard deviation. CHF: con-
gestive heart failure, OMI: old myocardial infarction, UAP: un-
stable angina pectoris, CVA: cerebrovascular accident, COPD:
chronic obstructive pulmonary disease, SAPS 3: simplified acute
physiology score 3.
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RESULTS

The clinical characteristics of the enrolled patients were
summarized in Table 1. Of 165 patients, 92 patients (55.8%)
died during hospitalization. Sex, age and underlying dis-
eases did not differ between the survivor and nonsurvivor
groups, but the simplified acute physiologic score 3 (SAPS
3) was significantly higher in the nonsurvivor group. The
most common cause of sepsis was pneumonia in all of the
patients in both the survivor and nonsurvivor groups
(Table 2).

TABLE 2. Causes of sepsis

Total Survivor Nonsurvivor
(n=165) (n=73) (n=92)

Pneumonia, n (%) 78 (47.3) 26 (35.6) 52 (56.5)
Urinary tract infection, n (%) 24 (14.5) 18 (24.7) 6 (6.5)
Colitis, n (%) 15(9.1) 10(13.7) 5(5.4)
Peritonitis, n (%) 10 (6.1) 3(4.1) 7 (7.6)
Any abscess, n (%) 8(4.8) 5(6.8) 3(3.3)
Cholangitis, n (%) 7(4.2) 2(2.7) 5(5.4)
Pseudomembranous 5(3.0) 3(4.1) 2(2.2)
colitis, n (%)
Cholecystitis, n (%) 3(1.8) 0(0) 3(3.3)
Gall bladder empyema, n (%) 3 (1.8) 0(0) 3(3.3)
Scrub typhus, n (%) 3(1.8) 2(2.7) 1(1.1)
Septic meningitis, n (%) 3(1.8) 0(0) 3(3.3)
Pancreatitis, n (%) 2(1.2) 2(2.7) 0(0)
Vancomycin resistant 1(0.6) 1(1.4) 0 (0)
E.coli, n (%)
Infective endocarditis, n (%) 1(0.6) 0 (0) 1(1.1)
Infectious spondylitis, n (%) 1 (0.6) 1(1.4) 0(0)
Septic arthritis, n (%) 1(0.6) 0(0) 1(1.D

TABLE 3. Laboratory findings and urine output of survivor and nonsurvivor group

Survivor (n=73) Nonsurvivor (n=92) p-value
Urine output during the 1st day (mL/hr) 55.7+66.3 26.6+46.4 0.001
sCr (mg/dL) 3.9+2.1 3.5£2.4 0.226
BUN (mg/dL) 59.6+£31.3 60.5+£36.5 0.862
pPNGAL (ng/mL) 1092.0+314.1 1037.3+361.7 0.300
WBC (/mm®) 19,249+11,635 15,298+10,684 0.025
Hemoglobin (g/dL) 10.5+£2.2 10.3x£1.9 0.430
Platelet (/mm?®) 165,600+109,200 131,800+102,200 0.043
CRP (mg/dL) 16.5+11.0 17.7+9.7 0.446
Procalcitonin (ng/mL) 37.9+43.5 20.9+£30.2 0.100
Serum albumin (g/dL) 2.6+0.4 2.5+0.5 0.310
Total bilirubin (mg/dL) 1.2+1.3 2.3+3.4 0.008
Serum sodium (mEq/L) 138.2+7.2 138.2+7.9 0.533
Serum potassium (mEq/L) 4.3+1.0 44+1.1 0.445
Serum chloride (mEq/L) 107.1+8.9 105.7+£14.3 0.465
pH 7.30+0.1 7.25+0.2 0.030
Bicarbonate (mEq/L) 14.7+5.4 15.6+7.3 0.414
Anion gap 16.6+5.2 18.0+13.1 0.404

Values are expressed as meantstandard deviation. sCr: serum creatinine, BUN: blood urea nitrogen, pNGAL: plasma neutrophil gelati-
nase-associated lipocalin, WBC: white blood cell count, CRP: C-reactive protein.
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Biomarkers of Septic Patients Treated with CRRT

The laboratory findings at starting CRRT and urine out-
put during the first day were shown in Table 3. In the survi-
vor group, urine output during the first day was sig-
nificantly higher compared with the nonsurvivor group
(55.7+66.3 vs. 26.6+46.4, p=0.001). However, serum crea-
tinine levels did not differ between the groups. White blood
cell counts and platelet counts were lower but the total bilir-
ubin level was higher in the nonsurvivor group compared
with the survivor group. The value of the pH was lower in
the nonsurvivor group although the bicarbonate level and
anion gap did not differ between the two groups.

Table 4 demonstrated the results of the logistic re-
gression analysis of risk factors for mortality in septic AKIT
patients with CRRT. The urine output <30 mL/hour dur-
ing the 1st day was the strongest risk factor for these pa-
tients (hazard ratio 2.464, 95% confidence interval
1.152-5.271, p=0.020). The cox regression analysis also
showed that the urine output <30 mL/hour during the 1st

TABLE 4. Logistic regression analysis of sepsis patients treated
with CRRT

Hazz?lrd 95% CI  p-value
ratio
Urine output <30 mL/hour 2.464 1.152-5.271 0.020
during the 1st day
SAPS 3 1.050 1.021-1.081 0.001
WBC 1.000 1.000-1.000 0.038
Platelet 0.999 0.995-1.002 0.433
Total bilirubin 1.198  0.956-1.501 0.117
pH 0.202 0.017-2.381 0.204

CRRT: continuous renal replacement therapy, CI: confidence in-
terval, SAPS 3: simplified acute physiologic score 3, WBC: white
blood cell count.

TABLE 5. Cox regression analysis of sepsis patients treated with
CRRT

HaZE.lI'd 95% CI  p-value
ratio
Urine output <30 mL/hour  1.935 1.147-3.263 0.013
during the 1st day
Age 1.017 0.993-1.042 0.175
Male sex 1.438 0.908-2.277 0.122
Diabetes 1.107 0.696-1.760 0.667
Hypertension 1.037  0.660-1.631 0.874
Arrhythmia 1.182 0.489-2.859 0.711
CHF 0.921 0.354-2.398 0.866
OMI or UAP 0.961 0.506-1.827 0.904
CVA 1.426 0.794-2.561 0.235
COPD 1.132 0.503-2.551 0.764
Chronic liver disease 0.804 0.376-1.723 0.575

CRRT: continuous renal replacement therapy, CI: confidence in-
terval, CHF: Congestive heart failure, OMI: old myocardial in-
farction, UAP: unstable angina pectoris, CVA: cerebrovascular
accident, COPD: chronic obstructive pulmonary disease.
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day was the risk factor for death in the septic AKI patients
treated with CRRT (hazard ratio 1.935, 95% confidence in-
terval 1.147-3.263, p=0.013) (Table 5). In the survival anal-
ysis, patients with urine outputs of =30 mL/hour during
the 1st day showed better outcomes than those at <30
mL/hour (Fig. 1).

DISCUSSION

There are several studies working to predict the survival
of the patients treated with CRRT. One of studies revealed
that nonoliguria, shorter durations of CRRT, and higher
baseline estimated GFR were independently associated
with favorable outcomes.” Another study demonstrated
that urine output was the most important predictor of
weaning from CRRT although serum creatinine was also
a significant factor.”* However, the independent risk fac-
tors for early kidney recovery were urine output, duration
between ICU admission to CRRT initiation and sepsis-re-
lated organ failure assessment score, but serum creatinine
level did not affect the renal outcome in AKI requiring
CRRT although the definitions of AKI such as AKIN,
RIFLE criteria and the 2012 KDIGO Clinical Practice
Guidelines primarily based on serum creatinine as a bio-
marker for GFR.? Similar results were also demonstrated
in the studies of AKI patients who underwent acute RRT.***

The present study included 165 patients with AKI and
sepsis who underwent CRRT, and 55.8% of the enrolled pa-
tients died regardless of age, sex and underlying diseases.
In our study, urine output was significantly higher in the
survivor group and decreased urine output was a strong
risk factor for death of the septic AKI patients treated with
CRRT. Furthermore, the patients with urine output =30
mL/hour showed better outcomes. However, serum crea-
tinine levels did not differ between the two groups, and did
not predict the survival of septic AKI patient requiring
CRRT. Serum creatinine levels may be affected by various
clinical factors such as age, gender, muscle mass, volume
status, nutritional status and catabolic rate. It was re-
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FIG. 1. Survival analysis between urine output =30 mL/hour and
<30 mL/hour during the 1st day.



ported that a higher level of serum creatinine on initiation
of CRRT was paradoxically associated with better out-
comes in critically ill patients with AKI.*® Furthermore,
urine output may reflect changes of GFR earlier than se-
rum creatinine.” Studies validating urine output as a bio-
marker of AKI have been also reported.”’ Our results sug-
gest that the use of serum creatinine only to categorize AKI
severity may miss the burden of AKI.

In conclusion, urine output may predict survival rates
of septic AKI patients undergoing CRRT. In these patients,
urine output <30 mL/hour during the first 24 hr was a
strong risk factor for in-hospital mortality.
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