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Net Economic Benefits from Clinical Decision Support Algorithms that Predict Acute Kidney Injury among 
Postoperative Patients 

Felix K Chang1, Allan D Kirk2, Timothy G Buchman3, Eric A Elster1 

1Uniformed Services University of the Health Sciences and Walter Reed National Military Medical Center, Bethesda, MD, 
USA, 2Duke University Medical Center, Durham, NC, USA, 3Emory University School of Medicine, Atlanta, GA, USA 

 
Background: Acute kidney injury is a well-known postoperative complication among critical care patients. New clinical 
decision support algorithms (CDSA) are being developed to predict the onset of AKI at different severity stages after 
surgical procedures. Conceptually, those predictions would enable prophylactic interventions that could prevent AKI and 
thereby avoid its adverse health effects and excess treatment costs.  
 
Objectives: We sought to understand (a) how accurate do AKI-focused CDSAs and (b) how effective do their paired 
prophylaxes need to be to yield a net positive economic benefit? Moreover, at what AKI severity stage, based on the 
RIFLE criteria, should such CDSAs be directed to yield the highest economic benefit?  
 
Methodology: We culled data from a literature review and the 2014 National Inpatient Sample from the Agency for 
Healthcare Research and Quality to identify patients who were 18 years of age or older, admitted for over 24 hours, and 
underwent one or more surgical procedures. From our findings, we identified the nationwide incidences and treatment 
costs for AKI at three RIFLE classification stages: Risk (RIFLE-R), Injury (RIFLE-I), and Failure (RIFLE-F). We then 
performed a sensitivity analysis of the costs associated with the use of CDSAs designed to predict RIFLE-R, RIFLE-I, 
and RIFLE-F in concert with their paired prophylaxes.  
 
Results: We found that CDSAs focused on RIFLE-R are likely to have lower false positive rates than those focused on 
RIFLE-I and RIFLE-F at a given algorithm accuracy. Thus, cases where the avoided costs from successful prophylactic 
interventions exceed the added costs from unneeded or ineffective prophylaxes are more likely to occur when using 
RIFLE-R CDSAs than RIFLE-I or RIFLE-F CDSAs. With an algorithm accuracy of 0.75 and a prophylaxis effectiveness 
of 0.50, a RIFLE-R CDSA could create an annual nationwide benefit of $11.6 billion, whereas RIFLE-I and RIFLE-F 
CDSAs could generate benefits of only $8.3 billion and $4.7 billion, respectively. (Figure.)  
 
Conclusion: Our study revealed that CDSAs designed to predict RIFLE-R yielded greater net economic benefits than 
those designed to predict RIFLE-I or RIFLE-F. Barring more effective AKI prophylaxes, future development of RIFLE-
related CDSAs should focus on the prediction of RIFLE-R. 
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High Serum Sodium Levels at the Time of Nephrology Consultation and Adverse Outcomes in Burn Patients with 
AKI 

Igor Smolentzov1, Luanne Soares1, Camila Rodrigues1, Márcia Oliveira1, Marcelo Silveira1, Lúcia Andrade1, Victor 
Seabra1 

1University of Sao Paulo School of Medicine 

 
Background: Acute kidney injury (AKI) is a common complication after severe burn injuries and is associated with high 
mortality. Dysnatremias have been found to be associated with mortality in many populations, but its role in burn patients 
with AKI is not fully understood.  
 
Methods: We retrospectively evaluated data on burn patients with acute kidney injury in the ICU of a tertiary hospital 
using logistic regression to evaluate the association of serum sodium levels with adverse outcomes.  
 
Results: 109 patients were included in the analysis. At the time of the nephrology consultation, the median age was 42.5 
years, 70% were male, the baseline GFR was 101 ml/min/1.73m2, the median total body surface area  
(%TBSA) burned was 34.5%, and the median serum creatinine was 2.31 mg/dL. On univariate analysis, sodium levels 
above the upper limit of the normal range (> 145 mEq/L) were associated with higher odds of the composite outcome  
of RRT requirement or in-hospital death (OR=3.27, 95% CI: 1.10–12.10, p=0.048) but this association did not persist in 
multivariate analysis (OR=1.79, 95% CI: 0.63–5.38, p=0.282). In this population, sepsis, baseline GFR, fluid balance, and 
the requirement of mechanical ventilation were also associated with the composite outcome in univariate analysis. Sepsis 
and baseline GFR remained associated with an increased risk of the composite outcome (OR=28.18, 95% CI 3.47-371.40, 
p=0.004 and OR=0.96, 95% CI 0.94-0.99, p=0.003, respectively) on the final multivariate model that also included 
sodium level, %TBSA burned, mechanical ventilation, and SOFA score.  
 
Conclusion: Hypernatremia at the time of nephrology consultation might predict the composite outcome of RRT and 
death. Larger studies are warranted to confirm or dispute these findings. 
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Yellow Fever Epidemic in the Metropolitan Area of São Paulo, Brazil: Renal Task Force 

Márcia Oliveira1, Gabriel Barsotti1, Victor Seabra1, Camila Rodrigues1, Marcelo Silveira1, Bernardo Reichert1, Lúcia 
Andrade1 

1University of Sao Paulo School of Medicine 

 
Background: Yellow fever (YF) is a mosquito-borne flaviviral hemorrhagic fever characterized by severe hepatitis 
(hyperammonemia, hepatic encephalopathy, liver failure and shock), acute kidney injury (AKI), hemorrhage and rapid 
terminal events (shock and multiorgan failure). The door-to-dialysis time affects outcomes in critically ill patients with 
sepsis-induced AKI. The recent YF epidemic in the metropolitan area of São Paulo (MASP) peaked between December 
2017 and April 2018.  
 
Methods: To reduce delays and increase treatment effectiveness, we devised criteria to indicate renal replacement therapy 
(RRT): creatinine (Cr) ≥2.0 mg/dl or urine volume <0.5 mL/kg/h in 8 h—plus at least one of the following: vasoactive 
drug use, mechanical ventilation (MV); noninvasive ventilation with FiO2 > 40%, pulmonary congestion, bleeding, 
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positive fluid balance, grade II encephalopathy, ammonia ≥100 µmol/L or bicarbonate ≤15 mEq/L. Data are Mean ± SD  
 
Results: In the MASP, there were 1483 patients with suspected YF infection, which was confirmed by serology in 580. 
Patients with severe YF were referred to Hospital das Clínicas. Of the 100 patients admitted, 74 were seen by the 
nephrology team. The patients presented with severe hepatitis, AKI, hemorrhagic phenomena and hepatic encephalopathy. 
The SAPS3 was 63±17; 87% were male, the mean age was 44±17 years; 87.8% were on MV and vasoactive drugs. The 
means at admission were urea 116.6±65.6 mg/dl; Cr 5.5±3.6 mg/dl; Na 136±5.0 mEq/L; K 4.9±0.8 mEq/L; ionized Ca 
3.9±0.59 mg/dl; P 6.3±3.7 mg/dl; pH 7.27±0.36; bicarbonate 15.4±5.4 mEq/L; albumin 3.1±0.58 mg/dl; aspartate 
aminotransferase 11033±6993 U/L; alanine aminotransferase 5042±2832 U/L; amylase 249±225 U/L; lactate 
dehydrogenase 4040±1329 U/L; creatine kinase 1165±1267 U/L; lactate 52.5±52 mg/dl; total bilirubin 6.3±3.8 mg/dl; 
fibrinogen 101±50 mg/dl; international normalized ratio 2.6±1.25; factor V 37±26%; ammonia 124±98.5 µmol/L; 
hemoglobin 14±2.2; leukocytes 5305±3910/mm3; platelets 76950±40,870/mm3; and proteinuria 5.0±9.0 g/g urinary 
creatinine. Of the 74 patients, 71 underwent RRT and 1 died <12 h after admission. Door-to-dialysis time was 1075±861 
hours. Mortality was 76% in the dialyzed patients.  
 
Conclusion: All efforts have been made to decrease YF-related mortality.  
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Yellow Fever Outbreak in the Metropolitan Area of São Paulo: Severe Cases Treated at a Tertiary Care Hospital 

Márcia Oliveira1, Gabriel Barsotti1, Victor Seabra1, Camila Rodrigues1, Marcelo Silveira1, Bernardo Reichert1, Lúcia 
Andrade1 

1University of Sao Paulo School of Medicine 

 
Background: Prior to April 2017, the Brazilian cities of Rio de Janeiro and São Paulo, which have a collective population 
of 32 million, were not deemed to be at risk for yellow fever (YF) virus transmission. Here, we describe severe cases of 
YF treated during a recent YF outbreak affecting both cities.  
 
Methods: Between December 2017 and April 2018, 100 patients with severe YF were referred to Hospital das Clínicas, a 
tertiary care hospital in the Metropolitan area of São Paulo. Of the 74 who developed AKI (mean age, 45.5±15.1 years), 
87.8% needed mechanical ventilation (MV), 87.8% needed vasopressors, 93.2% needed RRT, and 77% died. We 
compared survivors and nonsurvivors. Data are median [interquartile range], mean±SEM or percentage.  
 
Results: On ICU day 1 (ICUD1), survivors and nonsurvivors did not differ in Simplified Acute Physiology Score, urea or 
creatinine; nor did they differ in water balance, blood transfusion, sodium, albumin, total bilirubin, hemoglobin, 
fibrinogen, urea or creatinine on RRT day 1 (RRTD1). However, on RRTD1, there were differences between survivors 
and nonsurvivors (p<0.05): urine output—395 [162-835] vs. 140 [0-450] ml/day; MV use—53 vs. 98%; vasopressor 
use—47 vs. 100%; AST—6631 [4873-7312] vs. 11,008 [6673-15,721] U/L; ALT—3587 [2189-4479] vs. 5009 [3204-
7119] U/L; amylase—107 [81-147] vs. 187 [106-382] U/L; potassium—4.4±0.5 vs. 5.0±0.9 mEq/L; ionized calcium 
(iCa)—4.2±0.3 vs. 3.78±0.6 mg/dl; phosphorus—4 [2.3-5.1] vs. 6.5 [4-8.1] mg/dl; bicarbonate— 18.3±4.0 vs. 14.6±5.3 
mEq/L; international normalized ratio (INR)—1.7 [1.4-2.0] vs. 2.6 [2-3.4]; factor V—51 [30-71] vs. 30 [17-42]%; 
ammonia—58 [52-91.5] vs. 101 [68-168] µmol/L; and continuous RRT—47 vs. 93%. Univariate analysis showed that 
mortality correlated with MV (OR=49.8), AST (OR=1), ALT (OR=1), potassium (OR=3.3), iCa (OR=0.19), INR 
(OR=2.9) and ammonia (OR=1).  
 
Conclusion: Pancreatitis was a surprising, unprecedented finding. We hope that the knowledge gained during this most 
recent YF outbreak will guide decisions regarding public health policies in Brazil, resulting in less loss of life in future 
outbreaks. 
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URINARY BIOMARKERS AND RENAL RECOVERY AT 4 MONTHS AFTER COMMUNITY ACQUIRED 
AKI: A PROSPECTIVE STUDY IN A TERTIARY CARE HOSPITAL 

KRISHAN LAL GUPTA1, VINOD NAGESH1, VIVEK KUMAR1, ASHOK YADAV1 

1POSTGRADUATE INSTITUTE OF MEDICAL EDUCATION & RESEARCH, CHANDIGARH 

 
INTRODUCTION: Acute kidney injury (AKI) in developing countries is most commonly community acquired. Despite 
advances in the epidemiology of AKI, prognostication remains a significant challenge. We studied the ability of urinary 
biomarkers to predict renal recovery at four months after community-acquired AKI.  
 
METHODS: We studied 78 patients with community-acquired AKI (AKIN stage 1 to 3) at the Department of 
Nephrology, PGIMER, and Chandigarh. Serum and urine samples were collected at admission, discharge and, at 1 and 
four months after discharge. Renal recovery was defined as eGFR (CKD EPI)>60 ml/min/1.73m2 and urine protein to 
keratinize ratio <500 mg/g at four months after discharge. We investigated whether urinary biomarker (uL-FABP, 
uNGAL, uKIM-1) at hospital discharge could predict failure to recover renal function at four months after discharge.  
 
RESULTS: 75(96%) patients had AKIN stage 3 AKI and other 3 patients had AKIN stage 2 AKI. 21(27%) patients had 
failed to recover renal function at four months of discharge. Median urinary NGAL and urinary KIM-1 were significantly 
lower in patients with renal recovery (n=57) compared to those with persistent renal dysfunction (n=21). However, the 
differences in the median urinary L-FABP was not statistically different between the two groups (p-value = 0.55). Urinary 
NGAL and uKIM-1, individually predicted failure to recover renal function at four months after community-acquired AKI 
with AUCs of 0.71 (95% CI, 0.26 to 0.55) and 0.68 (95% CI, 0.52 to 0.84), respectively.  
 
CONCLUSIONS: This is the first prospective study to evaluate urinary biomarkers as an outcome-specific biomarker in 
patients with community-acquired AKI cohort. The results of this study indicate that urine NGAL and uKIM-1 are an 
independent predictor of failure to recover renal function after community-acquired AKI.  
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Acute Kidney Injury Associated with Yersinia Pseudotuberculosis Infection: Forgotten but not Gone 

Hee Gyung Kang1, Ye Kyung Kim1, Myung Hyun Cho1, Hae Il Cheong1, Hee Gyung Kang1 

1Seoul National University College of Medicine 

 
Background: Yersinia pseudotuberculosis is known to cause fever, gastroenteritis, or acute kidney injury (AKI). There 
have been several Yersinia pseudotuberculosis infection outbreaks associated with contaminated food or unsterile water 
ingestion to date. While this disease was considered to have practically been eradicated with the improvement in public 
health, we encountered several cases of AKI associated with Yersinia infection.  
Methods: We retrospectively collected data from medical records of patients with suspected Yersinia pseudotuberculosis 
infection, who visited Seoul National University Children’s Hospital in 2017.  
Results: There were 9 suspected cases of Yersinia infection (6 men and 3 women; age range 2.99–12.18 years). Among 
them, 5 cases occurred in May, and 7 patients were residing in the metropolitan Seoul area. Three patients had history of 
drinking mountain water. Every patient first presented with fever for a median of 13 days, followed by gastrointestinal 
symptoms and oliguria. Imaging studies revealed mesenteric lymphadenitis, terminal ileum wall thickening, and increased 
renal parenchymal echogenicity. Creatinine levels increased to 5.72 ± 2.18 mg/dL. Urinalysis revealed sterile pyuria, 
proteinuria, and glycosuria. Oliguria continued for 4–17 days, and two patients required dialysis; however, all of them 
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recovered from AKI. Mucocutaneous manifestations developed later. In the diagnostic work-up, Yersinia was isolated 
from the stool culture in one patient. Anti-Yersinia IgA and IgG were positive in 6 patients.  
Conclusion: Yersinia pseudotuberculosis infection is an infrequent causes of interstitial nephritis presenting with AKI. 
When a patient presents with fever, gastroenteritis, and AKI not resolving despite hydration, the clinician should suspect 
it. 
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Post-Discharge Readmission Outcomes following Hyperkalemia-Related Hospitalization 

Keith A Betts1, J Michael Woolley2, Fang Mu1, Yao Wang1, Sneha S Kelkar1, Eric Q Wu1 

1Analysis Group, Inc., Boston, MA, USA, 2AstraZeneca, Wilmington, DE, USA 

 
OBJECTIVE: The objective of this study was to compare post-discharge outcomes, including hospital readmission rates, 
lengths of stay (LOS) per readmission, and total inpatient days, between hospitalizations in patients with and without 
hyperkalemia (HK).  
METHODS: Adults with available potassium lab results and at least one hospitalization were identified from a large US 
claims database (1/1/2010-12/31/2014). Hospitalizations with an HK diagnosis (ICD-9 276.7) were defined as case 
hospitalizations (cases), and hospitalizations from patients without HK (no HK diagnosis, no potassium lab tests above 5.0 
mEq/L, and no sodium polystyrene sulfonate use) were defined as control hospitalizations (controls). Cases and controls 
were required to have continuous enrollment from 6 months prior to admission to 12 months after discharge from the 
hospitalization. Controls were matched 1:1 to cases on age, chronic kidney disease (CKD) stage, dialysis treatment, heart 
failure (HF), renin-angiotensin-aldosterone system inhibitor (RAASi) use, major diagnostic categories, and selected 
diagnosis-related groups. Readmission rates, LOS per readmission, and total inpatient days during the 1-year post-
discharge period were assessed using Wilcoxon signed-rank and McNemar tests. Analysis was repeated in patients with 
CKD and/or HF.  
RESULTS: A total of 5,377 hospitalizations with HK (cases) were matched to hospitalizations without HK (controls). 
Compared with controls, cases had higher rates of readmission (30-day: 12.5% vs. 8.4%; 60-day: 18.3% vs. 12.7%; 90-
day: 24.3% vs. 16.8%). Cases also had longer LOS per readmission (8.1 vs. 7.1 days) and more total inpatient days (10.5 
vs. 5.8 days) during the 1-year post-discharge period (all p<0.001). In patients with CKD and/or HF, cases had higher 
rates of readmission (30-day: 13.8% vs. 9.4%, 60-day: 19.8% vs. 14.3%, 90-day: 26.5% vs. 19.2%), longer LOS per 
readmission (8.4 vs. 7.4 days), and more total inpatient days (12.4 vs. 7.2 days) during the 1-year post-discharge period 
compared with controls (all p<0.001).  
CONCLUSIONS: Post-discharge, hyperkalemia-related hospitalizations were associated with higher readmission rates, 
longer lengths of stay per readmission, and higher total inpatient days, compared to control hospitalizations without 
hyperkalemia. 

Figure on following page 
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Low-osmolar versus lso-osmolar Contrast Media on the Risk of Contrast-induced Acute Kidney Injury 

Wookyung Chung1, Ae Jin Kim1, Han Ro1, Jae Hyun Chang1, Hyun Hee Lee1, Ji Yong Jung1 

1Gachon University Gil Medical Center 

 
Purpose: Among the various risk factors associated with contrast-induced acute kidney injury (CI-AKI), the importance of 
osmolality and viscosity is emerging among the characteristics of contrast media (CM) itself. Since high-osmolar CM 
(HOCM) is not used recently, low-osmolar (LOCM) and iso-osmolar (IOCM) are mainly used, the comparative study on 
LOCM versus IOCM can be helpful for selecting CM in clinical practice.  
 
Methods: In retrospective propensity-score (PS) matched analyses, 1,899 LOCM and IOCM group pairs were matched for 
analyses from 5,299 patients (2,878 LOCM and 2,421 IOCM) with coronary angiography (CAG). LOCM was iopromide 
and iopamidol was used, and IOCM was iodixanol. CI-AKI, which was the primary end point, was defined based on 
Kidney Disease Improving Global Outcomes criteria within 48 hours after exposure to the CM.  
 
Results: In univariate analysis, LOCM users showed an increased incidence of CI-AKI (11.8% vs. 9.3%; P = 0.003), but it 
lost statistical significance after PS matching (10.1% vs. 10.5%, P = 0.709). In multivariable analyses, the adjusted 
relative risks for CI-AKI in LOCM group were 0.961 [95% confidence interval (CI) = 0.779-1.185, P=0.709] in 
unmatched cohort and 0.925 (RR = 0.925, 95% CI = 0.742 – 1.153; P = 0.488) in matched cohort.  
 
Conclusions: Although the role of CM types in the development of contrast-induced AKI has been debated, our 
observation shows that the selection between LOCM and IOCM during CAG has no influence on the incidence of 
contrast-induced AKI. 
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Preoperative Hypoalbuminemia was associated with Acute Kidney Injury following Non-cardiac Surgery: A 
Retrospective Cohort Study 

Li Nan1, Qiao Hong1, Guo Jing-Fei2, Yang Hong-Yun1, Li Xue-Ying1, Li Shuang-Ling1, Wang Dong-Xin1, Yang Li1 

1Peking University First Hospital, Beijing, Beijing, China., 2Fuwai Hospital, Chinese Academy of Medical Sciences, 
Beijing, Beijing, China; 

 
Background  
Acute kidney injury (AKI) is a common complication following non-cardiac surgery with adverse short and long term 
morbidity and mortality. Current evidence have shown that hypoalbuminemia was associated with an increased risk of 
AKI in patients with infectious diseases, cancer, following cardiac surgery and transplant surgery. However, there were 
few evidence focusing on non-cardiac surgery population. The purpose of this retrospective study was to investigate the 
association between preoperative hypoalbuminemia and AKI following non-cardiac surgery.  
Methods  
This was a retrospective cohort study. We assessed perioperative risk factors and preoperative serum albumin 
concentration in 729 consecutive adult patients who underwent non-cardiac surgery from July 1, 2017 to June 30, 2018 in 
an university teaching hospital. Each patient was categorized by maximal Kidney Disease Improving Global Outcomes 
(KDIGO) criteria based on creatinine changes and urine output within the first week after surgery. Multivariate Logistic 
regression models were used to analyze the association between preoperative hypoalbuminemia and postoperative AKI.  
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Results  
Of the 729 patients, 188 (25.8%) developed AKI, the AKI incidence was higher in patients with a preoperative serum 
albumin level < 37.5g/L than those≥37.5g/L [35.9% (98/273) vs. 19.7% (90/456), P <0.001]. Multivariate Logistic 
regression analysis showed that preoperative serum albumin level < 37.5g/L (OR 1.892; 95% CI 1.238-2.891; P = 0.003) 
was independently associated with postoperative AKI. Furthermore, AKI in patients with preoperative hypoalbuminemia 
was more severe with 28.6% vs 18.0% for stage 1 (P=0.001), 2.6% vs 1.1% for stage 2 (P=0.144) and 4.8% vs 0.7% for 
stage 3 (P<0.001), respectively. Patients with AKI had a higher in-hospital mortality rate [6.9% (13/188) vs 0.2% (1/541), 
P <0.001]. By Kaplan-Meier analysis, patients with AKI had lower cumulative survival rate with more severe stage of 
AKI relating to poorer outcomes (P<0.001). Postoperative AKI was also associated with other worse outcomes, such as 
prolonged mechanical ventilation [53.4 vs 14.7 hours, P<0.001], ICU stay [4.0 vs 2.0 days, P<0.001] and postoperative 
hospital stay [17.8 vs 12.3 days, P<0.001], and higher total cost [89,000 vs 75,000 yuan, P<0.001].  
Conclusion  
Preoperative hypoalbuminemia was independently associated with AKI after non-cardiac surgery, and postoperative AKI 
was associated with poor outcomes. 

 

Variable Univariate Logistic model  Multivariate Logistic model  
 OR (95% CI) P value OR (95% CI) P value 
Age (years) 1.022 (1.010-1.034) <0.001 1.018 (1.004-1.033) 0.013 
History of chronic kidney disease 4.756 (2.023-11.180) <0.001 — — 
Sepsis 1.869 (1.013-3.451) 0.046 — — 
Radiocontrast exposure 1.797 (1.091-2.961) 0.021 1.843 (1.031-3.293) 0.039 
Baseline creatinine (umol/L)  1.011 (1.005-1.017) <0.001 1.016 (1.008-1.025) <0.001 
Preoperative Hb (g/L) 0.990 (0.983-0.997) 0.004 — — 
Preoperative albumin < 37.5g/L 2.277 (1.624-3.194) <0.001 1.892 (1.238-2.891) 0.003 
ASA classification 1.966 (1.472-2.625) <0.001 1.719 (1.193-2.477) 0.004 
Open surgery 1.792 (1.213-2.650) 0.003 — — 
Emergency surgery 2.284 (1.349-3.869) 0.002 — — 
General surgery 1.582 (1.133-2.208) 0.007 — — 
Duration of surgery (every 1 hour increase) 1.047 (0.976-1.124) 0.202 — — 
Intraoperative use of vasopressors 1.660 (1.146-2.404) 0.007 1.680 (1.065-2.648) 0.026 
Non-renal SOFA within 24h ICU admission 1.133 (1.044-1.230) 0.003 — — 
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Acute Kidney Injury: Comparison Between a Pediatric Intensive Care Unit and Cardiac Intensive Care Unit at the 
Same Institution 

Delphine R Nelson1, Michael L Miller1, Bradley Marino1, Mathew Barhight1, Zena L Harris1, Craig Langman1 

1Ann & Robert H Lurie Children's Hospital of Chicago 
Background: Acute kidney injury (AKI), increasingly recognized as a common comorbidity in hospitalized children, 
carries significant risk of morbidity and mortality. AKI is, however, a heterogeneous disease with many different 
etiologies which may result in different presentations and outcomes. We had the opportunity to compare AKI 
epidemiology in those patients admitted to the pediatric intensive care unit (PICU) to patients in the cardiac intensive care 
unit (CICU), at one institution.  
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Methods: This was a retrospective, single center, cohort study. All patients age 0-22 years admitted to the PICU or CICU 
from January 1, 2016 to December 31, 2016 were screened. Patients were excluded for: ICU admission<48 hours, no 
baseline creatinine, prior end-stage kidney disease, no creatinine obtained during either ICU admission, or with a 
subsequent ICU admission during the study period.  
Results: 731 patients were included: 420 PICU and 311 CICU patients. There were no differences in days to peak AKI 
(PICU 13.7 vs CICU 14, p=0.85). A higher proportion of patients in the PICU developed severe AKI defined as stage 2 or 
3 (21% vs 15%, p=0.05) and died (13% vs 3.5%, p<0.001). The odds of death was significantly higher in the PICU among 
those without severe AKI (OR =7.2, p=0.001), however among those with severe AKI there was no difference in the odds 
of death between the PICU and CICU (OR 1.86, p=0.18). There was poor documentation of AKI in the electronic health 
record (her )in either ICU, <5% stage 1 or 2 and <40% stage 3 with AKI diagnosis.  
Conclusion: AKI is common in the PICU and CICU and timing to peak AKI stage was similar. The odds of death were 
significantly higher in the PICU overall; however, once a patient developed severe AKI the odds of death were the same 
in the PICU and CICU.  
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Patterns of Diuretic Use in the Intensive Care Unit 

Ian E McCoy, MD1, Glenn M Chertow, MD, MPH1, Tara I Chang, MD, MS1 

1Stanford University School of Medicine 

Purpose: Diuretics are frequently used in the intensive care unit (ICU) for the management of fluid overload, despite 
clinical risks including acute kidney injury (AKI). We sought to describe modern patterns of diuretic use in the ICU, 
including diuretic type, dosing, and route of administration. We also investigated whether initial diuretic doses were 
changed for impaired kidney function and whether continuous diuretic infusions were given with an initial bolus.  
Materials and methods: We studied detailed clinical data abstracted from the electronic health records of 46,037 adult ICU 
admissions without ICD-9 code indications of end stage renal disease at an urban, academic medical center from a 
publicly available database. Odds ratios were adjusted for age, sex, race, comorbidities (hypertension, heart failure, 
chronic kidney disease, diabetes, liver disease), admission type, ICU type, mechanical ventilation, and admission serum 
creatinine concentration.  
Results: Diuretics were employed in nearly half (22,569/46,037, 49%) of ICU admissions. There was marked variation in 
the occurrence of any diuretic use among different ICU types: 39.4% in medical ICUs, 38.1% in surgical ICUs, 88.7% in  
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post-cardiac surgical ICUs, 54.9% in cardiac ICUs, and 34.6% in trauma ICUs. Mechanical ventilation and a history of 
heart failure were associated higher odds of diuretic use (adjusted OR 4.21, 95% CI 4.02-4.42; and 5.09, 95% CI 4.80-
5.38, respectively), while severely impaired kidney function at admission was associated with lower odds of diuretic use 
(adjusted OR 0.63, 95% CI 0.51-0.77, for admission serum creatinine > 5.0 compared to ≤ 1.0 mg/dL). Furosemide was 
by far the most common diuretic given (94.4% of ICU stays with diuretic administration), and the initial intravenous dose 
was only 20 mg in more than half of ICU admissions. Among patients treated with a continuous infusion, 30% never 
received a bolus on the day of infusion initiation. Combination use of different diuretic classes was uncommon, as 77.9% 
of ICU admissions with any diuretic use received a loop diuretic alone.  
Conclusions: Patterns of diuretic use varied by patient-specific factors and ICU type. This contemporary description of 
those patterns may inform future studies evaluating the relative safety and effectiveness of various diuretic strategies in 
the critically ill.  
 
Figure: Diuretic use by ICU type; Caption: MRA: mineralocorticoid receptor antagonist; CAI: carbonic anhydrase 
inhibitor 
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The Clinical Applicability of Urinary Neutrophil Gelatinase-Associated Lipocalin as the Point of Care test for AKI 
Detection and Prediction of Renal Outcomes 

Nuttha Lumlertgul1, Monpraween Umprai1, Sasipha Tachaboon1, Janejira Dinhuzen1, Nattachai Srisawat1 

1Chulalongkorn University, Bangkok, Thailand 

 
Background Since the discovery and extensive validation in various clinical settings of acute kidney injury (AKI) 
biomarkers, little is known about the usefulness of these biomarkers in clinical settings. This study aimed to determine the 
clinical applicability of urinary neutrophil gelatinase-associated lipocalin (uNGAL), one of the most robust AKI 
biomarkers, for AKI detection and prediction of short-term and long-term renal outcomes.  
 
Methods This retrospective observational study examined 822 adult patients who were admitted at King Chulalongkorn 
Memorial Hospital, Bangkok, Thailand during January 2016 and September 2017. AKI was diagnosed by using KDIGO 
2012 criteria. Major adverse kidney events (MAKE) are defined as death, incident RRT, and creatinine at two times of 
baseline serum creatinine at 30 days (MAKE30) and 365 days (MAKE365). uNGAL (Abbott diagnostics, USA) was 
ordered as the point of care test.  
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Results Among the enrolled 822 patients, 626 (76.1%) patients had AKI. The median age was 68 (IQR 55,80) years old. 
Fifty-six percent were male, and 43% had sepsis. NGAL were ordered from general ward (75%), intensive care units 
(23.4%) and emergency department (0.8%). The most common indications for NGAL measurement were differential 
diagnosis of AKI (71.9%), RRT or death prediction (15.7%), and diagnosis of AKI (15%). Patients with AKI had higher 
uNGAL(n=626) than patients without AKI (n=82); 249 (IQR 98,1215) ng/mL vs. 107 (93,364) ng/mL; p<0.001. Among 
patients with AKI, patients with MAKE30 (n=239) had higher uNGAL than those without MAKE30 (n=387); 841 (IQR 
106,2771) vs. 137.5 (IQR 96,643) ng/mL; p < 0.001. At 1 year, MAKE365 was positive in 258/498 patients (51.8%), with 
higher in-admission uNGAL than those without MAKE365; 664 (IQR 106,2694) ng/mL vs. 119.4 (IQR 93, 660.6) 
ng/mL; p < 0.001. Multiple logistic regression showed significant associations of uNGAL with AKI, MAKE30, and 
MAKE365. Receiver operating characteristic curve analysis(AUC-ROC) showed the area under the curve of 0.67(95% 
confidence interval[CI] 0.61, 0.72), 0.68 (95% CI 0.64-0.73), and 0.68 (95% CI 0.63-0.72) for prediction of AKI, 
MAKE30, and MAKE365 by uNGAL, respectively.  
 
Conclusion This is the largest study demonstrating the modest usefulness of uNGAL in real-life practice. High uNGAL 
was significantly associated with AKI detection, MAKE30, and MAKE365. Urinary NGAL might be considered as one of 
the useful tools for improvement of AKI management in the future. 
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Association between Intravenous Contract Media and Non-Recovery from Septic Acute Kidney Injury Treated 
with Continuous Renal Replacement Therapy: a Nationwide Observational Study 

Yoshihisa Miyamoto1, Masao Iwagami2, Shotaro Aso3, Hideo Yasunaga3, Hiroki Matsui3, Kiyohide Fushimi4, Yoshifumi 
Hamasaki1, Masaomi Nangaku1, Kent Doi5 

1Division of Nephrology and Endocrinology, The University of Tokyo, 2Department of Health Services Research, 
University of Tsukuba, 3Department of Clinical Epidemiology and Health Economics, School of Public Health, The 
University of Tokyo, 4Department of Health Policy and Informatics Tokyo Medical and Dental University Graduate 
School of Medicine, 5Department of Acute Care Medicine, The University of Tokyo Hospital 

 
Background:  
To examine the association of intravenous contrast media with short-term renal recovery from septic acute kidney injury 
(AKI) treated with continuous renal replacement therapy (CRRT) and mortality using a propensity score matching 
analysis with a cohort of nationwide claim database in Japan.  
Methods:  
Using the Japanese inpatient claim database during a period between July 1, 2011 and March 31, 2017, we identified 
patients with septic AKI who required CRRT within 2 day after admission. Patients were divided into those who received 
computed tomography with intravenous contrast media and those without contrast media. We performed propensity score 
matching for analyzing associations between exposure to intravenous contrast media and outcomes, including major 
adverse kidney events (MAKE) which was defined as death and RRT-dependence at discharge, and duration of RRT.  
Results:  
A total of 9,055 patients (3293 with contrast media and 5762 without contrast media) were eligible. Propensity score 
matching analyses showed MAKE at discharge was not statistically different between the groups with and without 
contract media (49.6% vs 50.7%, p=0.441). RRT duration was median 5 days and also not significantly different between 
the groups.  
Conclusions:  
Use of intravenous contrast media was not associated with increase in MAKE or RRT duration in patients with septic AKI 
treated with continuous renal replacement therapy.  
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Volume overload, acute kidney injury, and fluid management in patients transferred to a large volume ECMO 
center 

Paul McCarthy1, Raymond Rector2, Jay Menaker2, Daniel Herr2 

1WVU Heart and Vascular Institute, 2University of Maryland Medical Center 

 
Introduction:  
Extracorporeal membrane oxygenation (ECMO) is used for many cardiac and pulmonary indications. Referral to large 
volume ECMO centers is associated with improved outcomes. Volume overload and acute kidney injury (AKI) are 
common in critically ill patients and are associated with poor outcomes. This study is to determine if volume overload, 
AKI, fluid balance and fluid management correlate with outcomes in these patients.  
Methods:  
This is a retrospective review of patients transferred to the University of Maryland Critical Care Resuscitation Unit and 
were put on ECMO from January 2016 until May 2017.  
Results:  
120 patients were reviewed. The mean age was 47 years and 55% were male. 64% of the patients were managed with VV 
ECMO with the most common indications being ARDS, pneumonia, and obstructive lung disease/hypercapnic respiratory 
failure. 36% of the patients were managed with VA ECMO with the most common indications being cardiogenic shock 
and pulmonary embolism.  
50% of the patients were volume overloaded by initial history and physical and over 65% of patients had AKI on 
presentation. Patients presenting after being at an outside hospital for > 2 days were more likely volume overloaded and to 
have AKI. Positive fluid balance was common over the first 2 hospital days but was less common by hospital day 5. > 
75% of the patients received diuretics while on ECMO and 62% of patients received continuous renal replacement therapy 
(CRRT) while on ECMO.  
78% (72% for VA and 83% VV) survived. 63% of volume overload and 67% AKI patients survived. All VA patients that 
died were volume overloaded and had AKI on admission. 2/3 of VV patients that died were volume overloaded on 
admission. 12 of the 13 VV patients that died presented with AKI. Fluid balance average for VA survivors was negative 
3.5 L on hospital day 5 and was positive 3.92 L on hospital day 5 for patients that died. Average fluid balance on hospital 
day 5 for VV survivors was +0.9 L and was +5.8 L for those that died.  
Conclusions:  
Volume overload and AKI are common in patients transferred from outside hospitals for ECMO. Volume overload and 
AKI were more common for patients at outside hospitals for > 2 days prior to transfer. Most patients received diuretics 
while on ECMO and most received CRRT.  
Patients that died were more likely to have volume overload and/or AKI on presentation and were more likely to have a 
high fluid balance on hospital day five.  
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Combination of NIHSS, APACHE II Score and Serum CystainC Better Predicts AKI in Critically ILL Patients 
with Cerebral Hemorrhage 

Fang Jiang1, Zhiyong Peng1, Xiaoyi Zhang1, Dongxue Xu1, Zhongxiang Zhang1 

1Department of Critical Care Medicine, Zhongnan Hospital of Wuhan University 

 
Objective: To assess the predictive value in combination of National Institutes of Health Stroke Scale (NIHSS) score, 
Acute Physiology and Chronic Health Evaluation (APACHE II) score and serum Cystatin C (sCysC) in AKI and AKI 
progression in Critically ILL Patients with Cerebral Hemorrhage. Methods: A single retrospective study of critically ill 
cerebral hemorrhage patients was performed in last 5 years. AKI was diagnosed according to KDIGO criteria. Factors 
associated with AKI were identified by univariate and multivariate logistic regression analysis. Receiver Operating 
Characteristic (ROC) curve was used to determine predictive value for AKI and AKI progression. Development of AKI 
and its progression were analysed. Results: Overall 300 patients were finally included in this study. Eighty-eight patients 
(63.9%) developed AKI and fifty-one patients (57.95%) had AKI progression. Logistic regression analysis showed that 
higher NIHSS score (OR 1.156, p<0.001), higher APACHE II score (OR 1.158, p=0.009) and higher sCysC (OR 7.132, 
p=0.006) were associated with AKI incidence. In addition, a combination of NIHSS score, APACHE II score, and sCysC 
could predict the development of AKI with an area under ROC of 0.853 (95%CI 0.808 to 0.891), providing a better 
predictor of AKI than any single parameter alone. Statistical analysis demonstrated that only NIHSS and APACHE II 
socre had significant differences (p<0.045 for both) among patients with AKI progression versus those without. The ROC 
curve showed that a combination of both two factors together did not improve the overall fit. Conclusions: A combination 
of NIHSS Score, APACHE II Score and sCysC in admission can better predict AKI in Critically ILL Patients with 
Cerebral Hemorrhage. However, the combination of NIHSS and APACHE II score did not improve prediction of AKI 
progression in this population. 
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Persistent chloride derangements are associated with impaired renal recovery 

Matthew F Barhight1, John Brinton2, Danielle E Sorrano3, Sarah Faubel3, Peter M Mourani3, Katja M Gist3 

1Ann & Robert H. Lurie Children's Hospital of Chicago, 2University of Colorado School of Public Health, 3University of 
Colorado School of Medicine 

 
Purpose: To determine if there is an association between persistent derangements in chloride and renal recovery in 
critically ill children with acute kidney injury (AKI).  
Methods: We performed a retrospective cohort study of patients with day 2 AKI admitted to the pediatric intensive care 
unit (PICU) from January 2014 – December 2015. Patients were excluded for: 1) age <90 days or >18 years, 2) absence of 
laboratory values upon admission to the PICU, 4) history of end stage renal disease, 5) disorder of chloride transport, and 
6) admission for diabetic ketoacidosis. Patients were stratified by derangements in serum chloride concentrations on day 2 
and day 7 of their PICU stay in the following categories: 1) hyperchloremia by day 2 of PICU stay and persistence on day 
7 (PersistentCl), 2) hyperchloremia by day 2 with return to normochloremia by day 7 (RecoveredCl) and 3) no 
development of hyperchloremia (NeverCl). Hyperchloremia was defined as serum chloride level ≥110 mEq/L. The 
primary outcome was Day 7 renal recovery, defined as a return to a serum creatinine level <150% of baseline. Secondary 
outcomes included renal recovery on day 50 or hospital discharge and 28 day mortality.  
Results: A total 443 patients (59% female, median age 12.5 years IQR [4.1-16]) were included. The incidence of day 7 
renal recovery was 58% and discharge renal recovery was 62%. The rates of day 7 renal recovery were 43% for 
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PersistentCl, 70% for RecoveredCl and 57% for NeverCl. When compared to PersistentCl patients, RecoveredCl patients 
had an increase in the odds of day renal recovery (OR=3.0, 95% CI: 1.7 to 5.5, p=0.0005) after adjusting for confounders 
(age, height, weight, gender, PRISM III, diagnoses of sepsis, traumatic brain injury, or respiratory failure, history of 
oncologic diagnosis, stem cell or solid organ transplant, change in serum sodium more than 5 mEq/L in 24 hours and % 
fluid overload on day 2). The odds of discharge renal recovery were also improved in the RecoveredCl group compared to 
those in PersistentCl (OR=4.0, 95% CI: 2.1 to 7.4, p<0.0001). RecoveredCl group had lower rates of mortality (6% vs. 
21% PersistentCl vs. 8% NeverCl, p=0.0004).  
Conclusions: Normalization of chloride levels is associated with improved renal recovery at both day 7 and discharge as 
well as with lower mortality. Given these important improvements, serum chloride level may represent a potentially 
modifiable risk factor for decreasing adverse outcomes in critically ill children. 
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Impact of Chronic Kidney Disease on Kidney Function after Successful Percutaneous Nephrostomy in Patients 
with Malignant Obstructive Nephropathy 

Byung Chul Yu1, Moo Yong Park1, Soo Jeong Choi1, Jin Kuk Kim1, Seung Duk Hwang1 

1Soonchunhyang University Bucheon Hospital, Bucheon, Gyung-gi, Republic of Korea 

 
Background: There is very little literature on whether there is a difference in the kidney outcome after the effective release 
by percutaneous nephrostomy (PCN) of the malignant obstruction according to the presence of chronic kidney disease 
(CKD). Method: We retrospectively identified all patients with malignant obstructive nephropathy who underwent PCN at 
Soonchunhyang University Bucheon Hospital from February 2001 to January 2017 (n=703). Patients with baseline serum 
creatinine (sCr) values, defined as Scr levels that were measured at least 3 months before PCN and patients who were 
followed up for at least 1 year after PCN were enrolled (n=181). We excluded patients with normal kidney function at the 
time of PCN and those who did not recover baseline sCr values 1 month after PCN (n=128). We collected sCr values, 
estimated glomerular filtration rate (eGFR) calculated from sCr via the CKD-EPI equation during the year before and 
after PCN. All enrolled patients were classified into the CKD (eGFR <60 mL/min/1.73m2) or non-CKD group (eGFR ≥60 
mL/min/1.73m2) according to baseline eGFR. Result: Fifty-three patients (27 men and 26 women, mean age 64.6 ± 11.3 
years) were included. Gastrointestinal tract, gynecologic, and urologic malignancy were 50.9%, 28.3%, and 20.8%. 
Patients with and without CKD were 19 (35.8%) and 34 (64.2%). Mean baseline eGFR (49.4 ± 6.0 vs 86.6 ± 14.6 
mL/min/1.73m2, respectively, p < 0.001) and mean eGFR at PCN (20.5 ± 11.3 vs 27.2 ± 20.0 mL/min/1.73m2, 
respectively, p = 0.131) were lower in CKD group. There was no significant difference in mean recovery time to baseline 
eGFR (11.7 ± 7.9 vs 11.1 ± 7.3 days, respectively, p = 0.765) between two groups. The mean rate of decline of eGFR 
compared with baseline was no significant difference between CKD and non-CKD group at 3 and 6 months (-33.3 ± 18.4 
vs -31.3 ± 23.4%, p=0.780, and -45.3 ± 27.1 vs -39.6 ± 31.2%, p=0.651, respectively). There was no significant difference 
in mean survival time after PCN between CKD and non-CKD group (274.3 ± 105.3 vs 213.5 ± 49.9 days, respectively, p 
= 0.557). Conclusion: We suggest that the presence of CKD may not affect the recovery time to baseline kidney function 
and the rate of decline in kidney function after the effective release of the malignant obstruction by PCN. Although the 
malignant obstruction is effectively released and kidney function is preserved well, patient survival was very limited due 
to tumor burden regardless of the presence of CKD. 
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Background: High dose methotrexate (HDMTX) chemotherapy is clinically used in lymphoma, acute lymphoblastic 
leukemia (ALL), osteosarcoma, breast cancer with central nervous system (CNS) metastasis. Methotrexate (MTX) has 
dose-dependent nephrotoxicity which causes acute kidney injury (AKI). We investigated outcomes of high-flux 
hemodialysis(HD) in lymphoma patients who had experienced AKI during HDMTX treatment  
 
Methods: We reviewed medical records of lymphoma patients who received HDMTX chemotherapy in Seoul St. Mary’s 
hospital between April, 2009 and April, 2018. We defined HDMTX as 1g/BSA (body surface area), and AKI as following 
KDIGO 2012 guideline. Total 404 patients were included in this study. To avoid nephrotoxicity, the optimal MTX target 
levels of 24/48/72 hr after administration was below 5.0 / 0.5 / 0.05 umol/L respectively, according to our hospital 
protocol.  
 
Results: Total 22 Patients developed to AKI after HDMTX Chemotherapy. 18 of the 22 patients underwent high-flux HD 
and the remaining 4 patients did not undergo high-flux HD. All those who underwent high-flux HD were completely 
recovered from AKI. Three out of four patients without high-flux HD recovered from AKI. The average MTX level of 
24/48/72 hr after administration was 53.0/14.3/5.5 umol/L respectively. After high-flux HD, the levels of MTX fell to 
0.04 ± 0.01 umol/L. Median high-flux HD session was 4 sessions and median recovery day was 35 days.  
 
Conclusion : High-flux HD is helpful as a therapy to recover renal function for AKI patients treated with MTX in 
lymphoma. 
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Background: Heart transplantation (HT) is the treatment of choice for patients with end-stage heart failure. Although 
several studies had report about association with acute kidney injury (AKI) and HT, little is known about the impact of 
perioperative renal replacement therapy (RRT) on clinical outcomes of HT. We compared the clinical outcomes of 
patients based on modalities of RRT at the time of HT.  
 
Methods: A total of 20 heart transplant recipients (HTRs) were included from January 1995 to October 2018. We 
reviewed data including the cause of heart failure, cardiac function before HT and renal function from electronic patient 
records at a single center. The patients were divided as HTRs who underwent perioperative RRT (RRT group, n=6) and 
HTRs who did not receive RRT (non-RRT group, n=14). Renal function was analyzed at baseline, 3 months, 6 months 
and 12 months from HT.  
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Results: The most common cause of HT was dilated cardiomyopathy (n=9, 45%), then followed by ischemic 
cardiomyopathy (n=7, 35%). The left ventricular ejection fraction (LVEF,%) before HT in the RRT group was 
significantly lower than that of the non-RRT group (LVEF 12.8 % vs 24.8%, P=0.007, respectively). In the RRT group, 
four patients (20%) underwent RRT before HT, with including three patients of continuous renal replacement therapy 
(CRRT) and a patient of peritoneal dialysis. Finally, six patients (30%) received RRT after HT, including three patients 
who initiated RRT prior to transplantation. After 3 months post-transplantation, the renal function of RRT group were 
significantly lower levels than that of non-RRT patients (estimated Glomerular Filtration Rate (eGFR) 34.37 
ml/min/1.73m2 vs 68.83 ml/min/1.73m2, p=0.017, respectively). However, after 6 months and 12 months post-
transplantation, there was no significant difference of renal function between both groups (eGFR 44.65 ml/min/1.73m2 in 
RRT group vs 61.5 ml/min/1.73m2 in non-RRT group, p=0.1; eGFR 46.12 ml/min/1.73m2 in RRT group vs 69.07 
ml/min/1.73m2 in non-RRT group, p=0.065, respectively). All the patients in the RRT group halted RRT after HT.  
 
Conclusion: RRT at the perioperative period in HTRs will be a good bridge therapy for recovery of renal function in the 
cases with a high risk of cardiorenal AKI with low LVEF.  
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Background: Continuous renal replacement therapy (CRRT) is a useful tool for patients with acute kidney injury in an 
intensive care unit. However, the clinical benefit of CRRT on critically ill patients with hematologic malignancy is still 
unclear. Therefore, we investigated the clinical outcomes between patients with and without hematologic malignancy 
applying CRRT.  
 
Methods: We included 158 patients received CRRT between January 2017 and December 2017. Finally, total 156 patients 
excluding 2 pediatric patients were analyzed. The patients were divided into three groups based on underlying disease as 
following: (1) non-malignancy group (n=49); (2) solid organ malignancy group (n=39); (3) hematologic malignancy 
group (n=65). We analyzed patient survival between the three groups.  
 
Results: Mean age of total patients was 62.8 ± 14.2 years, and the hematologic malignancy group was younger than the 
other groups (P<0.01 for both). In regard to underlying disease, the hematologic malignancy group was lower prevalence 
of comorbidity including cardiovascular disease, autoimmune disease, and chronic kidney disease than non-malignancy 
group, but that was not different with solid organ malignancy group. Patient survival rate of the hematologic malignancy 
group was lower 1 month survival rate and overall survival rate than the other groups (Log-rank test, P<0.05 for both). On 
the other hand, renal survival rate of the hematologic malignancy group was not different compared with the other groups.  
 
Conclusion: The patient survival rate in the patients with hematologic malignancy was lower than that of the patients with 
non-hematologic malignancy.  
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ONE-YEAR PROGNOSTIC VALUE OF KIDNEY BIOMARKERS AT DISCHARGE FROM THE INTENSIVE 
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Purpose: Serum creatinine (Screat) may overestimate renal function at discharge from the intensive care unit (ICU). The 
objective was to evaluate the association between biomarkers of kidney function and injury at ICU discharge and one -
year survival.  
Methods: Ancillary study of the FROG-ICU cohort, a prospective observational cohort in 21 ICUs in France and Belgium, 
including ICU patients receiving mechanical ventilation and/or hemodynamic support, with one-year follow-up. Kidney 
biomarkers were measured at ICU discharge among ICU survivors (plasma Cystatin C (pCystc); plasma and urinary 
Neutrophil gelatinase associated lipocalin (pNGAL and uNGAL); plasma proenkephalin (penKid®)). A Sub-group 
analyses were performed in the sub-group of patients with discharge serum creatinine < 1.5-fold of baseline.  
Results: Among 1207 ICU survivors with complete biomarker assessment and follow-up, 231 died during the year 
following ICU discharge (19.4%). One-year non-survivors had higher discharge biomarkers level (79 (56.5 to 113.5) vs. 
63 (50 to 86) µmol/L for Screat, 91.9 (31.6 to 266.9) vs. 47.7 (23.1 to 141.2) ng/mL for uNGAL, 201 (106 to 350.8) vs. 
115 (71 to 189.2) ng/mL for pNGAL, 1.6 (1.2 to 2.4) vs. 1.1 (0.9 to 1.6) 1 mg/L for pCystC and 80.7 (53.3 to 132.9) vs. 
55 (40.7 to 82.9) ng/mL for penKid, all p<0.0001). Un-adjusted and adjusted (i.e. on prognostic factors previously 
identified in the FROG cohort: Age, Charlson comorbidity score, vascular disease, severe valvular disease, chronic kidney 
diseases, cancer, loss of autonomy, systolic blood pressure, body temperature, total protein and platelet counts, and white 
blood cell count at ICU discharge, red blood cell transfusion and prolonged ICU length) odds ratios showing association 
between kidney biomarkers and one-year mortality are presented in Table 1.  
Conclusions: Kidney biomarkers measured at ICU discharge are associated with one-year outcome, including patients 
with low serum creatinine at ICU discharge. These results suggest that patients with sub-clinical acute kidney injury at 
discharge are identified using these biomarkers.  

 

  All patients Discharge Screat <1.5 baseline  
sCreat Unadjusted 2.64 [1.96 - 3.54] 2.65 [1.88 - 3.72] 
 Adjusted 1.79 [1.17 - 2.73] 1.68 [1.04 - 2.69] 
eGFR Unadjusted 3.47 [2.53 - 4.77] 3.72 [2.60 - 5.33] 
 Adjusted 2.06 [1.30 - 3.27] 1.94 [1.15 - 3.29] 
uNGAL Unadjusted 2.16 [1.58 - 2.94] 1.89 [1.33 - 2.68] 
 Adjusted 2.08 [1.35 - 3.21] 1.99 [1.23 - 3.21] 
pNGAL Unadjusted 3.39 [2.51 - 4.57] 3.44 [2.42 - 4.88] 
 Adjusted 2.61 [1.71 - 3.97] 2.63 [1.61 - 4.27] 
pCystC Unadjusted 4.25 [2.99 - 6.02] 4.32 [2.96 - 6.31] 
 Adjusted 3.11 [1.88 - 5.16] 2.84 [1.67 - 4.83] 
penKid Unadjusted 3.29 [2.43 - 4.44] 3.47 [2.46 - 4.89] 
 Adjusted 2.20 [1.44 - 3.38] 2.08 [1.29 - 3.37] 
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Establishing an in Center Registry and team for AKI at King Hussein Cancer Center in Amman – Jordan 
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Aim: To describe the value of establishing an AKI registry and AKI team at a cancer center in defining risk factors as well 
as detection and tracing of children with AKI in a developing country  
Procedures and Methods: King Hussein Cancer Center (KHCC) is a 254 bed hospital that cares for cancer patients. 
Pediatric facilities include OPD, Pediatric ward (38 beds), BMT unit (24 beds), and the pediatric ICU (9 beds). RRT 
offered in the center include HD, PD, and CRRT.  
A registry was established to register children who develop AKI based on AKIN definition and a flag system was secured 
once a patient serum creatinine or urine output criteria suggest AKI. With the flag text messages are sent to the mobiles of 
members of the AKI team alerting them as to the presence of possible AKI. The team is headed by the Pediatric 
Nephrologist in addition to a Senior Registrar, Pediatric Resident, A Renal Dietitian, and a Clinical Pharmacist.  
Results: During the year 2018 the total number of admissions among all pediatric departments was 2599 patients. 66 
patients developed AKI, giving an incidence of 2.5% among total admissions. Among ICU admissions 4% of patients had 
AKI, where as 5.1% of patients admitted to the BMT unit developed AKI. The mean age of children developing AKI at 
KHCC was 12 ± 6.4 years. AKI was more common in males 59.7% as compared to females 40.3%. The initial stage was 
stage 1 in 34 patients (51.5%), stage 2 in 10 patients (15.1%), and stage 3 in 22 patients (33.3%). AKI was most 
commonly due to nephrotoxic medications affecting 31 patients (46.96%), followed by pre-renal AKI in 13 patients 
(19.69%), tumor lysis syndrome in 9 patients (13.6%), obstructive uropathy in 7 patients (10.6%), sepsis in 4 patients 
(6%), and atypical HUS in 2 patients (3%), Most patients with AKI due to nephrotoxic medications were on multiple 
drugs, however the most common single agent causing AKI was high dose Methotrexate which was responsible for AKI 
in 8 patients (25.8%), and Valcyclovir in 7 patients (22.5%), other drugs implicated included Tacrolimus, Foscarnet, 
Aminoglycosides, Cidofovir, Acyclovir, and Gemcitabine. Four patients (6%) required RRT in the form of hemodialysis, 
and 7 patients passed away (10.5%)  
Conclusion: Establishing an in center registry and an AKI team is a successful way to detect, trace and rehabilitate 
patients with AKI. It is a very convenient way to determine and modify risk factors especially in cancer centers.  
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Introduction:The incidence of malignancy is increased in Systemic Sclerosis (SSc). Conversely, cases of SSc-associated 
cancer have been rarely described. Kidney disease in SSc might manifest as scleroderma renal crisis (SRC), accompanied 
by acute kidney injury (AKI) and abrupt onset of hypertension and microangiopathy. SCR is an unusual and severe 
complication of SSc.  
Case Report: We present a case of a previously healthy patient diagnosed with ovarian carcinoma who started 
chemotherapy with carboplatin and paclitaxel one month after diagnosis. During the treatment, she developed SSc 
confirmed by a nailfold capillaroscopy and skin biopsy. Three months after, she entry in the hospital with SCR and 
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thrombotic microangiopathy (admission laboratory data in Table). The kidney biopsy confirmed SCR. The patient was 
treated with captopril and plasma exchange, but her renal function deteriorate progressively and she started hemodialysis 
(HD). At the same time she received surgical treatment for the cancer. Eighty-four days after starting the HD and the 
cytoreductive surgery, she recovered partially from the AKI (increased urinary output, median SCr 2,7 mg/dL and 
creatinine clearance 19ml/min), improved thrombotic microangiopathy manifestations and showed resolution of the other 
symptoms of the SSc.  
Conclusion: Although SSc-associated malignancy has been associated to fibrosis mechanisms triggering, like chronic 
systemic inflammation and B-cell stimulation, the real pathogenic basis are still unknown. On the other hand, only few 
cases of SSc associated with cancer have been described as a paraneoplastic syndrome, possibly to the development of 
cancer-induced autoimmunity. In this case report, the diagnosis of the ovarian carcinoma, SSc and SRC were made within 
12 months of each other, and this close temporal association strengthens the hypothesis of a paraneoplastic syndrome. 
Also, the marked regression of symptoms observed after surgical removal of the tumor and the use of chemoterapy 
reinforce the diagnosis of paraneoplastic SSc in this case.  

 

SCr (mg/dL) 2.1 
Hemoglobin (g/dL) 9.1 
Platelets (mm³) 43.000 
Reticulocytes (%) 3,5 
Lactate dehydrogenase (UI/L) 1852 
Haptoglobin (mg/dl) < 10 
Protein to creatinine ratio (g/g) 5.29 g/g 
Urinalysis 5 red blood cell (RBC) per high powerfield and dysmorphic RBCs 

 

24 

AKI Epidemiology at admission to Emergency room in a University Hospital in the Northeast of Mexico  
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Introduction: Acute kidney injury (AKI) is a serious clinical problem that affects more than 10 million people around the 
world annually, resulting in a greater risk of 1.7 to 6.9 in-hospital mortality.  
Objective: We want to explore the prevalence of AKI and its etiology at the first 24 hours of the arrival at hospital 
emergency room (ER).  
Material and Method: Prospective, descriptive and observational study. Patients admitted to ER between March to August 
2018 who are over 18 years, with a diagnosis of AKI upon admission or in the next 24 hours. To make possible the 
evaluation of these patients, we applied the AKI Risk Assessment (ARA) proposed by the nephrology rapid response team 
paper known as “fanstastic 4”. The proposed algorithm is based on 4 simple steps that systematically evaluate the patient 
risk of AKI. For the analysis statistical we used SPSS v.21.  
Results: We included 80 patients, 6 were excluded for incomplete data. Include 74 patients, 45 (60.8%) men with average 
age of 53.02 ± 19.35. Among the most prevalent comorbidities we found hypertension in 36.5%, diabetes type 2 in 27%, 
cardiovascular disease in 10.8%, liver disease in 8.1% and chronic kidney disease in 1.4%.  
We found that AKI occurs mainly in the community setting (82.4%) and infections were the main diagnosis of admission 
(32.4%). Regarding the severity of AKI, we didn’t found predominance of any; AKI 1 in 37.8%, AKI 2 in 28.4% and AKI 
3 in 33.8%.  
During follow-up, we detected that only 58.1% of our patients had urine output registered correctly, being one limitation 
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of our work. Within the urine output registered in the first 24 hours urine of ˂ 800 ml in 32.55%; 800-2,000 ml in 48.83%, 
and ˃2,000 ml in 18.60%.  
We perform a comparative analysis between survivors and non-survivors with a mortality of 13.5% of the population. 
According to the etiology of AKI, we didn’t find a statistical difference between both groups with an accumulated p= 
.267. Similarly, regarding the severity of AKI, without statistical difference with an accumulated p= .675. According to 
urine output, we didn’t find statistical difference with an accumulated p= .841.  
 
Conclusion: Mehta et al. demonstrated that AKI is more frequently acquired in the community; similar to what was found 
in our study (82.4%). Etiology and severity of AKI didn’t show statistical difference, but more studies are needed to 
confirmed these.  

 

Variable n (%) Survivor 64 (86.48%) Non-survivor 10 (13.51%) "p" 
Community-AKI 61 (82.4%) 54 (84.4%) 7 (70%)  
Hospital acquired AKI 13 (17.6%) 10 (15.6%) 3 (30%)  
    0.267 
AKI KDIGO-AKI 1 28 (37.8%) 23 (35.9%) 5 (50%)  
AKI KDIGO-AKI 2 21 (28.4%) 19 (29.7%) 2 (20%)  
AKI KDIGO-AKI 3 25 (33.8%) 22 (34.4%) 3 (30%)  
    0.675 
Urine output n (%) 43 (58.1%)    
˂ 400 ml  2 (5.3%) 1 (20%)  
400 - 800 ml  10 (26.3% 1 (20%)  
800 - 2000 ml  20 (52.6%) 1 (20%)  
> 2000 ml  6 (15.8%) 2 (40%)  
    0.841 
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Purpose.  
Contrast-induced acute kidney injury (CI-AKI) remains one of the major complications of percutaneous coronary 
interventions (PCI) requiring iodinated contrast media (CM). The aim of our study was to assess the ESC/EACTS 
Guidelines on Myocardial Revascularization and the reference index (RI) of ratio of total contrast volume (in mL) to 
glomerular filtration rate (GFR) (in mL/min) exceeding 3.7 as a risk factor of CI-AKI in patients with stable coronary 
artery disease (CAD) and its influence on 5-year prognosis.  
Methods.  
201 patients aged 30-89 with stable CAD requiring PCI were included in a single-center observation prospective study 
from January till June 2013. The 5-year prognosis was assessed via phone calls from July till August 2018. The end-points 
MI, death, CHF were assessed. The prevalence of risk factors (age, diabetes, sex, obesity) was assessed in each group 
respectively. RI was estimated with eGFR using CKD-EPI formula. The patients were divided into 4 groups according to 
the presence or absence of AKI and elevation of RI: 1) RI higher than 3,7 with AKI; 2) RI higher than 3.7, no AKI; 3) 
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normal RI with AKI; 4) normal RI, no AKI.  
Results.  
14,91% (30) of all patients were diagnosed with AKI.  
Group 1 (2,48%, 5): 0,49% was overweight, 0,49% had class I obesity. 1,99% were male, and 0,49% were female. During 
5 years of study 0,99% of patients had myocardial infarction (MI). 0,49% died.  
Group 2 (21,8%, 44): 8,45% were overweight, 8,45% had class I obesity, 1,5% had class II obesity. 16,4% were male, 
5,47% were female. 3% of patients had MI. 0,99% died.  
Group 3 (13,4%, 27): 4,47% were overweight, 2,48% had class I obesity, 0,49% had class II obesity. 10,9% were male, 
2,48% were female. 1,5% had MI. 0,49% died.  
Group 4 (62,3%, 125): 21,8% were overweight, 14,9% had class I obesity, 3,9% had class II obesity. 45% were male, 
16,4% were female. 1,5% had MI. 0,49% died.  
Conclusions.  
According to our results, there is no safe volume of CM in developing CI-AKI. The RI did not show any correlation with 
death, sex, diabetes, CHF, MI but it actually may correlate with obesity and age. The majority of our patients with 
volume/eGFR index higher than 3.7 did not develop any complication as the number of end-points is roughly the same. 
So, there were no relations between prognosis and the CM volume/eGFR ratio. The relevance of this index needs further 
studies in larger groups of patients. 
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Introduction:  
Anticoagulation related nephropathy (ARN) is an uncommon diagnosis that should be considered in patients presenting 
with unexplained acute kidney injury (AKI) and coagulopathy.  
Presentation of Case:  
A 70 year old male with a history of cirrhosis and portal vein thrombosis on coumadin presented to the hospital with gross 
hematuria. Physical examination was unrevealing but labs were concerning for a serum creatinine (SCr) of 4.49 mg/dl 
(baseline ~1.38mg/dl), INR of 8.7 and stable hemoglobin at 10.9 g/dl. Patient was admitted for management of 
coagulopathy and nephrology was consulted for managing the AKI.  
Per nephrology workup, the urine microscopy demonstrated 3+ protein and numerous non dysmorphic red blood cells. A 
24 hour collection quantified the proteinuria at 2.8 g/day. Renal ultrasound demonstrated increased bilateral echogenicity 
and no hydronephrosis. Serological work up of proteinuria was negative. Since the AKI did not improve with volume 
repletion and correction of the coagulopathy, a renal biopsy was performed. Light microscopy demonstrated red blood cell 
accumulation within the Bowman’s space and tubules with no active inflammation or crescent formation. Sclerotic 
glomeruli with IgA positive mesangial and sub-endothelial immune complex deposits were identified on electron 
microscopy. Patient was diagnosed with AKI on chronic kidney disease (CKD) secondary to ARN superimposed on 
sclerosing IgA nephropathy. After a short course of dialysis, SCr stabilized at 2.5 mg/dl and he was discharged without 
the need for chronic dialysis  
 
Discussion:  
ARN, also known as warfarin associated nephropathy is an uncommon condition in which AKI from glomerular 
hemorrhage develops in a patient with an INR greater than 3. The most common risk factor for development of ARN is 
CKD. AKI in our patient unearthed pre-existing CKD due to IgA nephropathy as evidenced by the biopsy. Further studies 
may be necessary to assess the safety of chronic anticoagulation patients with pre-existing CKD.  
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Purpose of the study:  
To determine whether risk of AKI-CKD transition varies between perioperative and nonperioperative patient populations.  
 
Methods:  
We performed a MEDLINE search for: AKI, CKD, chronic renal insufficiency, burns, nephrotoxins, sepsis, systemic 
inflammatory response, myocardial ischemia, heart arrest, cardiovascular, surgical procedures, cardiovascular system, and 
cardiovascular diseases which yielded 5209 hits. 1048 relevant studies were reviewed. 1002 were excluded because they 
were review, animal, or pediatric studies. Inclusion criteria were: 1) excludes prior CKD, 2) includes CKD as outcome, 3) 
includes AKI patients, 4) includes data necessary to calculate odds ration (OR) values, 5) defines AKI and CKD, and 6) 
includes information defining a specific patient population.  
 
Of the 42 studies chosen for in-depth review, 30 were excluded because they did not meet 1 or more inclusion criteria. 12 
underwent data analysis. The number of patients with and without AKI, and with and without CKD were extracted to 
develop 2x2 tables and confidence intervals (CI) for each study.  
 
Statistical analysis:  
Analysis was conducted using the R package metafor. Estimates of OR were calculated for each study from 2x2 table 
data, and a random-effects model used to calculate overall weighted OR and the weighted OR for two subgroups, 
perioperative and nonperioperative. Heterogeneity was assessed and leave-1-out analysis and funnel plots were used to 
estimate the importance of study heterogeneity and bias.  
 
Results:  
Nonperioperative studies included studies of oncology, percutaneous coronary intervention, and myocardial infarction 
patients. Perioperative studies included those conducted in patients from cardiac surgery, vascular surgery, and burns. 
There was significant heterogeneity between studies, but publication bias was not evident. The overall OR for AKI [95% 
CI] versus non-AKI patients developing CKD in all studies was 5.52 [3.15-9.67]. Studies of nonperioperative populations 
demonstrated OR 3.85 [1.71-8.69] whilst studies of perioperative patients demonstrated OR 6.64 [3.17-13.91].  
 
Conclusions:  
Extensive literature supports association of AKI with subsequent CKD such that subgroup analysis may be applied. While 
there is significant inter-study heterogeneity, surgical patients may experience increased risk of AKI-CKD transition over 
nonsurgical patients.  

Figure on following page 
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Dosing and Monitoring of Vancomycin and Associated Renal Injury: A Single Center Quality Assessment  

Jacob Ninan MD1, Mira T Keddis MD1 

1Mayo Clinic, Phoenix, AZ, USA 

 
Introduction: Vancomycin associated renal injury is well recognized. Increased dose and trough levels have been 
implicated as risk factors. The objectives of this study are to assess the incidence of vancomycin-associated renal injury at 
a single center and investigate the association with vancomycin trough level monitoring at a single center.  
Methods: Patients admitted in the first week of each month of the year 2016 and hospitalized for greater than seven days 
were included in the pilot study; if they were noted to have acute kidney injury and received vancomycin. This data was 
procured from the electronic health records and subsequently tabulated using JMP.  
Results: 3758 out of 8721 patients had a discharge diagnosis of acute kidney injury and received vancomycin. 68 patients 
were included in this analysis as shown in Figure 1. 47 patients (69%) had acute kidney injury defined as an elevation in 
serum creatinine from baseline following administration of vancomycin. Of those, only 25 patients (53%) had 
vancomycin trough level monitoring during hospitalization and of those eight patients had supratherapeutic levels. 
Nephrology was consulted for management of 36% of patients with a presumed diagnosis of vancomycin-related acute 
kidney injury. 37.5% of patients with supratherapeutic vancomycin levels required hemodialysis. Although the length of 
hospital stay among patients with supratherapeutic vancomycin trough levels was 20 days(SE 3.788) as compared to 18 
days(SE 2.598) among patients with a therapeutic vancomycin trough levels, no statistical significance was observed.  
Conclusion: Acute kidney injury after vancomycin administration is common. Vancomycin trough monitoring was not 
performed in 47% of patients with acute kidney injury. We hypothesize that for select patients at risk for acute kidney 
injury a standardized approach to vancomycin dosing and blood level monitoring is necessary to help reduce vancomycin 
associated renal injury. 

Figure on following page 
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Deaths from AKI in Children Under 1 Year of Age: Infant Mortality Rates and Human Development Index in 
Brazil from 2000 to 2016 

Alice C Santos1, Melanie E Butarello1, Maria B Jerez1, Luid C Santos2 

1Unversidade Federal da Integração Latino Americana 

 
Purpose: to identify relationships between the infant mortality rates (IMR), the Human Development Index (HDI), and the 
deaths by acute kidney injury (AKI) in children under 1 year of age, from 2000 to 2016 in Brazil and in its five macro 
regions.  
Methods: analysis and observation of data available on the database of Brazilian Unified Health System’s Department of 
Informatics (DataSus) and United Nations Development Programme (UNDP). Data of deaths by AKI, IMR and live births 
(LB) were collected from DataSus, and HDI data were collected from UNDP database.  
Results: there is a remarkable decrease in the IMR through the years in Brazil (a developing country located in South 
America) followed by an increase of the HDI (from 0.684 in 2000 to 0.758 in 2016). The calculated IMR in 2000 was 
26.1 deaths per 1000 LB, decreasing to 12.7 deaths per 1000 LB in 2016 (a decrease of 51.34% in 17 years). In 2000 the 
mortality rate (MR) of AKI in children under 1 year of age was of 0.0078 deaths per 1000 LB; in 2016 the MR of AKI 
was of 0.017 deaths per 1000 LB (showing an increase of 118% in those 17 years). Analyzing by macroregion, when 
comparing the first and the last trienniums, it is possible do identify only small variation of MR of AKI (<1yo) in four of 
the five macro regions analyzed . Nevertheless, there is a prominent increase of these rates in North region in the last 
triennium.  
Conclusion: the MR of AKI in children under 1 year of age did not follow the expected pattern of decrease mortality 
observed in IMR in Brazil through the years (2000 to 2016). Although the IMR has been decreasing, there was a 
significantly increase in the mortality rate of acute kidney injury. Therefore, more research is required in order to 
understand the increase observed.  

Figure on following page 
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Acute Kidney Injury and Continuous Renal Replacement Therapy in ECMO Patients: A Retrospective Review 

Hassan Suleiman1, Paul McCarthy2, Ankit Sakhuja2, Veena Nandwani2, Mark Polin1, Jeremiah Hayanga2 

1Division of Nephrology, WVU Medicine, 2WVU Heart and Vascular Institute 

 
Introduction  
Extracorporeal membrane oxygenation (ECMO) is being used with increasing frequency to support patients in respiratory 
and/or cardiac failure. Acute kidney injury (AKI) and the need for renal replacement are common complications of critical 
illness, including patients requiring ECMO.  
Methods  
This is an ongoing retrospective review of AKI; renal replacement needs and renal recovery in the first 40 patients placed 
on ECMO in the cardiovascular intensive care unit at the West Virginia University Heart and Vascular Institute in 2019. 
Our new ECMO program is increasing in volume in a medically under-served state. The purpose of this review is to 
determine risk factors for AKI and the need for renal replacement and to identify trends that warrant future study.  
Results  
Twenty-one patients were supported with veno-arterial and nineteen were veno-venous ECMO. Twenty-one patients were 
male and the average age was 48. Seventy percent of patients survived to ICU discharge with most deaths occurring due 
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to withdrawal of care. Eighty three percent of patients had AKI on admission or developed AKI during the ECMO run and 
68% of patients required renal replacement in the form of continuous renal replacement therapy (CRRT). Clinical 
associations with AKI and the need for CRRT included sepsis, hypotension, chronic kidney disease and volume overload. 
Of patients that received CRRT access was via ECMO circuit in all but two patients and the modalities used included 
CVVHDF and SCUF. Fourteen percent of patients that were started in CRRT remained dialysis dependent on hospital 
discharge. Patients that survived were less likely to need CRRT and less likely to develop AKI. Survivors tended to be 
younger, however, two survivors were older than 65.  
Conclusions  
In this series, AKI and the need for renal replacement therapy in ECMO patients is associated with an increased risk of 
death. Factors that increase the risk for AKI and the need for renal replacement therapy include sepsis, hypotension and 
shock, CKD and volume overload. Of patients that were on renal replacement therapy and survived. Most CRRT was 
performed via way of ECMO circuit.  
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90 Days’ Outcomes of Patients with Cardiorenal Syndrome Type 1 undergoing Renal Replacement Therapy: A 
Multicenter Retrospective Cohort Study. 

Tao-Min Huang1, Vin-Cent Wu1, Chiu-Ching Huang2, Ji-Tseng Fang3 

1National Taiwan University Hospital and College of Medicine, 2Chinese Medical University Hospital, 3Chang-Gung 
Memorial Hospital 

 
Background  
Patients with cardiorenal syndrome type 1 (CRS-1) are prone to short term and long term mortalities. Renal replacement 
therapies are needed to correct uremia or fluid overload, in order to improve patient outcomes. However, among patients 
undergoing acute dialysis, whether patients with CRS-1 have different outcomes were unknown, which is important to 
both resource utilization and clinical decision making.  
Material and Methods  
We conducted a nationwide retrospective cohort study of 30 sites all over Taiwan to answer the questions. Patients 
undergoing acute dialysis were enrolled, while patients with CRS-1 were defined as acute decompensated heart failure 
with acute kidney injury. A Cox proportional hazard ratio model was constructed.  
Results  
A total of 1,078 patients underwent acute dialysis, with a mean age of 67.6 years old and 672 (62.3%) patients died within 
90 days after dialysis. 194 (18.0%) were dialyzed for CRS-1. The 90 day’s mortality risk for CRS-1 patients were not 
significantly different with non-CRS-1 patients (the hazard ratio [HR] = 1.00, with the 95% confidence interval [CI] = 
0.77 to 1.32, p = 0.97). The HR for recovery within 90 days of CRS-1 patients were 1.004, with a CI = 0.766 to 1.316 
(p=0.978).  
Conclusions  
In patients undergoing acute dialysis, patients with CRS-1 have the same outcomes as patients undergoing acute dialysis 
due to other causes.  
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Clinical Profile of Acute Kidney Injury in a Tertiary Care Centre of India 

mayur patil1, vivek kute1, himanshu patel1, dinesh gera1, pankaj shah1 

1IKDRC 

 
Background: Acute Kidney Injury (AKI), is a very common entity affecting patients suffering from a wide variety of 
illnesses. Many patients remain dialysis dependant or are left with partial renal impairment. Even patients who have 
complete recovery of renal function are at increased risk of CKD in future. Since ARF is creditable and because of 
personal interest in providing total cure of the issue, I have selected to study its clinical profile and variables affecting its 
outcome.  
 
Methods: Adults with ARF admitted to the nephrology department during August 2015 to December 2017 were studied. 
KDIGO criteria was used to define AKI. Patients were subjected to renal biopsy and hemodialysis as and when required. 
Patients who became dialysis independent with good renal function were discharged and followed fortnightly for 3 
months, monthly for six months.  
 
Results: Most of patients (40.90%) were from 14-35 years age group. Second peak was seen in 56-65 years. Incidence of 
Intrinsic ARF was higher than Prerenal and Postrenal ARF. Main etiologies were malaria 12.38%, pregnancy related AKI 
9.99%, gasteroenteritis 9.99%, infections 23.80%, multiple myeloma 8.57%. Glomerulonephritis was seen in 21.90% of 
cases & most common amongst it was PIGN (21.73%). There were 17.39% of AKI due to crescentic GN. Out of which 
50% were pauci immune & 37.5% were immune complex GN & one case (12.5%) of anti GBM disease. Dialysis was 
done in 70.47% of patients, 29.52% of patients were kept on conservative management. Complete recovery was seen in 
51.42% of cases, partial recovery in 17.61% of cases & 60% of patients became dialysis independent. Patients presented 
with oliguric ARF were 140/210, i.e. 66.67%. Survival was better in non-oliguric ARF (85.71%) than oliguric ARF 
(72.85%). Overall survival in our study was seen in 76.19% of cases out of which 23.45% progressed to end stage renal 
disease.  
 
Conclusion: Acute renal failure is very rewarding and creditable in general because most of the causes are reversible. 
Timely specific treatment for some of the etiologies is very important to prevent progression to permanent renal 
insufficiency.  
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Trends of Acute Kidney Injury after Cardiac Surgery in Mainland China: a Propensity Score Matching Analysis 
of 8-year Experience 

Jiarui Xu1, yimei wang1, jiachang hu1, wuhua jiang1, bo shen1, jiawei yu1, zhe luo1, chunsheng wang1, jie teng1, xiaoqiang 
ding1 

1Zhongshan Hospital 

Objective: We examined the trends of incidence of cardiac surgery associated AKI (CSA-AKI) and severe AKI and short-
term outcomes in a 2000-bed hospital in mainland China prospectively to evaluate the impact of AKI on in-hospital 
burden.  
 
Methods: First, cardiac surgery patients of Zhongshan Hospital from 2009 to 2016 were screened prospectively by the 
hospital medical database. The incidence of AKI, severe AKI and RRT and in-hospital mortality of AKI, severe AKI were 
recorded every year. Then we set up the multidisciplinary team (MDT) from 2013 which included physicians from 
department of nephrology, cardiac surgery and intensive care unit. In the second step, we compared the AKI incidence 
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and outcomes of patients between the two periods: 2009-2013(pre-MDT) and 2014-2016(post-MDT). Propensity score 
matching (PSM) was carried out because of imbalance in baseline characteristics in the two periods.  
 
Results: 21018 cardiac surgeries were performed from 2009 to 2016.The AKI incidence was 33.9% and increased yearly 
from 29.6% in 2009 to 34.8% in 2016. The incidence of AKI stage1, 2, 3 was 25.2%, 5.2% and 3.5%, respectively. The 
incidence of severe AKI decreased yearly from 24.6% in 2009 to 20.9% in 2016. The incidence of RRT was about 2% 
during the eight years. After PSM, there was no statistical significance of AKI incidence between post-MDT and pre-
MDT period (36.0% vs. 34.9%, P=0.225), the severe AKI incidence was significantly lower in the post-MDT period 
(24.0% vs. 28.8%, P<0.001). The mortality of AKI, severe AKI and RRT in the post-MDT period were significantly 
lower than in the pre-MDT period (4.5% vs. 7.4%, P<0.001; 13.9% vs. 20.9%, P<0.001; 40.7% vs. 58.9%, P<0.001). 
Multivariate logistic regression analysis showed male, age, BMI, hypertension, DM, CHF, preoperative eGFR<60 
mL/min/1.73m2, proteinuria, preoperative Plt account, aorta surgery, CPB time were independent risk factors of AKI after 
cardiac surgery during the pre-MDT period, and male, age, BMI, preoperative eGFR<60 mL/min/1.73m2, proteinuria, 
aorta surgery, CPB time were independent risk factors of AKI after cardiac surgery during the post-MDT period.  
 
Conclusion: After PSM, the result showed that there was no statistical significance of AKI incidence between the post-
MDT and pre-MDT period. The incidence of severe AKI and the mortality of AKI, severe AKI and RRT decreased in the 
post-MDT period. The MDT strategy may be the main reason to improve outcomes. 
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Impact of Cardiac Function Improvement on Acute Kidney Injury after Cardiac Surgery of Preoperative Renal 
Dysfunction Patients 

Jiarui Xu1, bo shen1, yimei wang1, yi fang1, yamin zhuang1, lan liu1, zhe luo1, chunsheng wang1, jie teng1, xiaoqiang 
ding1 

1Dept. of Nephrology, Zhongshan Hospital 

 
Objective: In the present study we investigated whether acute kidney injury (AKI) risk of patients with preoperative renal 
dysfunction could be alleviated by improvement of postoperative cardiac function.  
 
Methods: Reversible renal dysfunction (RRD) was defined as preoperative SCr ≥ 1.2 mg/dL (females) and ≥ 1.5 mg/dL 
(males), but not CKD. Cardiac function not improved was defined as a ≤0% change in left ventricular ejection fraction 
(LVEF) compared to preoperative values. After surgery, patients were allocated into normal renal function (n=7,903), 
RRD (n=622) and CKD (n=136) groups, which were further subdivided into RRD+cardiac function improvement (n=363) 
and RRD+cardiac function not improved (n=259), CKD+cardiac function improvement (n=71) and CKD+cardiac 
function not improved (n=65) groups.  
 
Results: Of 8,661 patients, 7,903 (91.2%) had preoperative normal renal functions, whereas 758 (8.8%) cases had 
preoperative RRD (n=622) and CKD (n=136). The AKI incidence in the RRD and CKD groups was higher than in the 
normal group (P<0.001), and significantly lower in the RRD than in the CKD group (39.5% vs 61.8%, P<0.001). Sub-
group analyses showed that there was no significant difference in the AKI incidence between the normal and the 
RRD+cardiac function improved group (30.0% vs 30.9%, P=0.729). Multivariate logistic regression analysis showed that 
RRD+ cardiac function not improved, CKD+ cardiac function improved and CKD+ cardiac function not improved were 
independent risk factors, whereas RRD+ cardiac function improved was not an independent risk factor for postoperative 
AKI.  
 
Conclusion: RRD and CKD were both independent risk factors for postoperative AKI. However, the risk did not exist for 
RRD patients whose cardiac function was improved after cardiac surgery. 
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Preoperative Hidden Renal Dysfunction Add Risk of Long-term Progressive CKD after Cardiac Surgery 

jiawei yu1, jiarui xu1, bo shen1, yimei wang1, wuhua jiang1, jianzhou zou1, zhe luo1, chunsheng wang1, jie teng1, 
xiaoqiang ding1 

1Dept. of Nephrology, Zhongshan Hospital 

 
Objective: Studies have confirmed that preoperative renal dysfunction was the high risk factor for acute kidney injury 
(AKI) and long-term outcome. But for patients with hidden renal dysfunction (normal SCr and eGFR 
<90ml/min/1.73m2), the risk is not very clear.   
 
Methods: Patients underwent cardiac surgery and with SCr≤106µmol/L from October 2012 to April 2013 were enrolled. 
Patients were divided into four groups: eGRF≥90ml/min/1.73m2 (reference group), 75≤GFR<90ml/min/1.73 m2(group 
A), 60≤GFR<75ml/min/1.73 m2(group B), eGRF<60ml/min/1.73m2(group C). All the patients followed up till October 
2016. The primary endpoint was all causes of mortality and progressive CKD.   
 
Results: Of the total 1744 patients enrolled, there were 47.5% (n=829) in the reference group, 29.7% (n=518) in group A, 
19.4%(n=339) in group B and 3.3%(n=58) in group C. The proporation of preoperative GFR<90 ml/min/1.73m2 was up 
to 74.0% of patients≥65, and 46.3% of patients < 65. The AKI incidence of the overall patients was 34.3%(n=598). The 
AKI incidence, long-term mortality and incidence of progressive CKD in group B and C were significantly higher than in 
the reference group. For patients<65, multivariate logistic regression analysis showed that preoperative 
eGRF<60ml/min/1.73m2 was one of the independent risk factors of AKI. Multivariate Cox regression analysis showed 
that age, diabetes, 60≤eGRF<75ml/min/1.73m2, eGRF<60ml/min/1.73m2, postoperative AKI, length of ICU stay were 
independent risk factors of long-term progressive CKD. For patinets≥65, multivariate Cox regression analysis showed that 
diabetes, eGRF<60ml/min/1.73m2, length of ICU stay were independent risk factors of long-term mortality, and the same 
were the risk factors of long-term progressive CKD.   
 
Conclusion: 1) Preoperative hidden renal dysfunction was commom in patients undergo cardiac surgery, with a high 
prevalence of 52.5%. 2) For patients<65, eGRF<75ml/min/1.73m2 has become the independent risk factor for long-term 
progressive CKD. For patinets≥65, eGRF<60ml/min/1.73m2 was the independent risk factors of long-term mortality and 
progressive CKD.  
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Incidence and outcome of acute kidney injury in hospitalized patients by an electronic alert 

Yimei Wang1, jiachang hu1, jie teng1, jiarui xu1, wuhua jiang1, xiaoqiang ding1 

 
Objectives: This study was to establish an electronic alert system and determine the incidence and mortality rate of acute 
kidney injury (AKI) among hospitalized adult patients in a tertiary metropolitan hospital of China.  
 
Methods: A total of 99847 patients from Zhongshan Hospital, Fudan University, Shanghai, China between October 1st, 
2014 and September 30th, 2015 were screened by the hospital medical database. The presence and severity of AKI were 
assessed by the KDIGO criteria. AKI patients (9.9%) were distinguished by electronic alerts.  
 
Results: The average age of AKI patients was (61 ± 15.2) years, the median length of stay (LOS) 11 (6.5, 17) d, the 
hospital cost 3 8364（13769，85514）yuan. The in-hospital mortality rate of AKI patients was 5.7% (563/9 898). 
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Community acquired AKI (CA-AKI) accounted for 37.9%, hospital acquired AKI (HA-AKI) 62.1%. Incidence of AKI 
stage 1, stage2 and stage 3 were 8% (7 955/9 9847), 0.7% (709/9 9847) and 1.2% (1 234/9 9847), in-hospital mortality 
were 4% (316/7 955), 11.4% (81/709) and 13.5% (166/1 234). The length of stay, hospital cost and mortality of AKI 
patients increased with AKI stages. Only 7.8% of AKI patients received nephrology consultation and 1.2% was recorded 
in discharge diagnosis. Multivariate logistic regression showed that age, AKI stage, HA-AKI, RRT, heart failure, 
malignancy, hypoalbuminemia and anemia were independent risk factors of in-hospital mortality of AKI patients.  
 
Conclusion: AKI is prevalent in the hospitalized patients with serious misdiagnosis and low nephrology consultation rate. 
Slight elevations of serum creatinine are associated with significantly increased mortality, LOS and hospital cost. The 
establishment of AKI electronic alerts and active intervention of nephrologists can significantly increase the recognition 
of AKI patients and may help prevent AKI and improve the prognosis of AKI patients. 
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Postoperative Diastolic Perfusion Pressure and Acute Kidney Injury in Cardiac Surgery Patients 

Jifu Jin1, jiawei yu1, jiarui xu1, wuhua jiang1, bo shen1, yimei wang1, zhe luo1, chunsheng wang1, jie teng1, xiaoqiang 
ding1 
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Background:  
Our objective was to investigate if perioperative hemodynamic parameters were related to the occurrence of cardiac 
surgery-associated acute kidney injury (CSA-AKI).  
Methods:  
Retrospective analyses were performed in patients who had cardiac surgery from May 1 to August 31, 2015 at Zhongshan 
Hospital, Fudan University. CSA-AKI was determined according to KDIGO criteria. We compared perioperative 
hemodynamic parameters, including mean perfusion pressure (MPP), central venous pressure (CVP), mean arterial 
pressure (MAP) and diastolic perfusion pressure (DPP) in patients with or without CSA-AKI. Regression analysis was 
used to identify independent risk factors for AKI development after adjusting for confounding factors.  
Results:  
Among 300 patients (173 males), 88 (29.3%) developed AKI during the postoperative period (25.0%, 2.7% and 1.6% for 
stage 1-3, respectively). Multivariate logistic analysis showed the postoperative nadir DPP, but not MAP, CVP and MPP, 
was independently linked to the development of CSA-AKI (odds ratio [OR] for every 1 mmHg increase 0.945; P = 0.045). 
Subgroup analyses showed the postoperative nadir DPP and peak CVP were both independently related to the 
development of AKI in patients with chronic hypertension (P = 0.033; P = 0.010, respectively).  
Conclusions:  
Postoperative nadir DPP was independently associated with the development of AKI. 
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Risk Stratification For Acute Kidney Injury Using Chi-Square Automatic Interaction Detection : A Retrospective 
Cohort Study In Critically Ill Asian Surgical Patients  

Sophia Chew1, Joseph Wong2, Ming Ann Sim3, Chai Rick Soh1, Edwin Seet4, Siew Pang Chan2, Lian Kah Ti2 
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Background:  
Acute Kidney Injury (AKI) is a common problem in the surgical Intensive Care Unit (ICU) associated with poor patient 
outcomes and high healthcare resource usage. ICU patients often suffer multiple pathologies simultaneously. We aim to 
use Chi-square automatic interaction detection (CHAID) analysis to identify AKI risk when multiple pathologies are 
present, and establish which risk factors are best in stratifying AKI risk. We also seek to determine the outcomes of AKI 
in a multi-ethnic South East Asian non-cardiac surgical ICU population.  
Methods:  
A retrospective cohort study was performed on 940 patients admitted to the surgical ICU. Patient demographics, clinical 
factors, and perioperative data were collected. Patients with pre-existing renal failure on dialysis were excluded.  
The primary outcome was AKI, as defined by Acute Kidney Injury Network criteria; secondary outcomes were ICU 
mortality, ICU length of stay, and one-year mortality rates.  
Results:  
The occurrence of AKI was 21.4%. Sepsis, lower pre-ICU estimated glomerular filtration rates, lower bicarbonate levels, 
lower haemoglobin levels, and congestive heart failure were independent predictors of AKI. CHAID analysis showed that 
haemoglobin levels are critical to stratify AKI risk. Furthermore, at different haemoglobin levels, different concurrent 
pathologies result in particularly high AKI risk.  
Conclusion:  
AKI is a common and serious morbidity within the surgical ICU associated with increased ICU mortality rates. CHAID 
analysis identified haemoglobin as a key risk factor, and it has enabled us to individualize AKI risk in patients with 
multiple concurrent pathologies. Management strategies should therefore be tailored based on the patient’s specific risk 
profile.  

Figure on following page 
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Worsening of Kidney Function in Patients with Glomerulonephritis Treated with Low Dose Spironolactone 

Byung Chul Yu1, Moo Yong Park1, Soo Jeong Choi1, Jin Kuk Kim1, Seung Duk Hwang1 

1Soonchunhyang University Bucheon Hospital 

 
Background: Previous studies have shown that the use of aldosterone antagonists have proteinuria lowering effect in 
patients with proteinuria not adequately controlled by angiotensin receptor blockers (ARBs) in DM nephropathy and 
chronic kidney disease. Worsening of kidney function was not seen in these studies. The current study was conducted to 
examine whether spironolactone, an aldosterone antagonist, in combination with an ARB cause deterioration of kidney 
function in patients with glomerulonephritis (GN). Method: We retrospectively identified all patients who underwent a 
kidney biopsy at Soonchunhyang University Bucheon Hospital from February 2001 to January 2017. Eligible patients 
fulfilled the following inclusion criteria: (1) biopsy-proven GN; (2) underwent follow-ups at least 3 months apart with 
blood and urine exams for 1 year before and after initiation of spironolactone; and (3) administered an ARB and 12.5 
mg/day spironolactone for at least 12 months. We obtained serum creatinine (sCr) values, estimated glomerular filtration 
rate (eGFR) calculated from SCr via the Chronic Kidney Disease Epidemiology Collaboration equation. Result: Among 
the 1,097 patients who underwent a kidney biopsy during the study period, 42 (24 men and 18 women, mean age 42.2 ± 
10.0 years) were eligible for inclusion in our analysis. Although there was no time effect of treatment in the sCr levels (p 
= 0.071), sCr levels increased significantly after 3 (1.33 ± 0.32 mg/dL) and 9 months (1.36 ± 0.34 mg/dL) compared with 
that at baseline (1.26 ± 0.30 mg/dL) (p = 0.036 and 0.026, respectively). No significant difference was detected when 
comparing changes in sCr levels between 1 year before and after spironolactone administration (p = 0.279). Similarly, 
eGFR also decreased significantly at 3 months (62.51 ± 17.69 ml/min/1.732) compared with that at baseline (66.57 ± 
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19.16 ml/min/1.732) (p = 0.028), but no time effect of treatment was detected (p = 0.066). No significant difference was 
found between eGFR 1 year before and after spironolactone administration (p = 0.255). Conclusion: The time effect of 
treatment was not significant in sCr levels and eGFR, which were used as variables to evaluate kidney function. However, 
these variables deteriorated significantly at the early time point compared with the baseline levels, suggesting that 
attention should be paid to worsening kidney function at the beginning of spironolactone administration in patients with 
GN. 
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Loop Diuretics in Acute Kidney Injury, Critically Ill Patients: A Systematic Review and Meta-analysis 

KARINA ROSAS1, DAMIAN GUTIERREZ1, JOSE ZARAGOZA1 
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Introduction: Acute kidney injury is very common in the critically ill patient. Traditionally AKI have been treat with loop 
diuretics.  
Methods: We made a systematic review and meta-analysis by search in different databases. We selected randomised 
controlled trials comparing loop diuretics with control in patients with AKI. Articles were selected and data extracted by 
two independent reviewers. Primary outcome was renal recovery. Secondary outcomes were time to renal recovery, need 
for RRT, mortality in the ICU, and complications.  
Results: 7 studies were selected and analysed. There was no stadistical differences in renal recovery (RR 1.11; IC 95%, 
[0.74, 1.67]; p= 0.62), time to renal recovey (RR -1.29; IC 95%, [-3.30, 0.72]; p= 0.21), need for RRT (RR 0.96; IC 95%, 
[0.75, 1.23]; p= 0.74) and mortality in the ICU (RR 0.80; IC 95%, [0.48, 1.31]; p= 0.52) with use of loop diuretics 
compared with control. However, loop diuretics was associated with more risk of complications (RR 1.83; IC 95%, [1.40, 
2.40]; p< 0.0001).  
Conclusions: In AKI loop diuretics compared with control have no stadistical differences in renal recovery, time to renal 
recovery, need for RRT and mortality in the UCI. But it has a greater risk of complications.  

Figure on following page 
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Urinary Urea Excretion as an Early Biomarker of Acute Kidney Injury 

David Morais1, Mirela Santinho1, Talita Sanches1, Victor Seabra1, Leandro Taniguchi1, Luiz Marcelo Malbouisson1, 
Lúcia Andrade1, Camila Rodrigues1 

1University of Sao Paulo School of Medicine 

 
Background: Acute kidney injury (AKI) increases intensive care unit (ICU) morbidity and mortality, the diagnosis being 
based on urine output and serum creatinine (sCr), neither of which provides reliable, timely information. Most of the 
known AKI biomarkers are costly to determine and not widely used. Urinary concentration is impaired early in chronic 
kidney disease, and higher excretion of urea may be a marker of renal recovery for hemodialysis weaning. We 
hypothesized that low fractional excretion of urea (FEU) would be a timely biomarker of AKI.  
Methods: We evaluated adult ICU patients at high risk for AKI according to a clinical score. We excluded patients with a 
basal estimated glomerular filtration rate (eGFR) <45ml/min/1.73m2, history of AKI or kidney transplantation, or body 
mass index <19kg/m2. We evaluated daily FEU, besides basal and pre-AKI urinary neutrophil gelatinase-associated 
lipocalin (NGAL). AKI was diagnosed on the basis of the sCr KDIGO criteria. Results are mean±SD.  
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Results: At baseline, the 33 patients included were 52±42 years of age, with a Simplified Acute Physiology Score III 
(SAPS3) of 48.1±12.1, sCr of 0.69±0.25mg/dl, and eGFR of 110±30ml/min/1.73m2. One day before AKI diagnosis 
(D−1), FEU was lower in the patients with AKI (n=11) than in those without (21.9±7.2 vs 35.7±13.3%, p<0.05), with an 
area under the receiver operating characteristic curve (AUC ROC) of 0.77. AUC ROC for NGAL in D-1 was 0.81, 
resembling FEU (Figure 1). An FEU cut-off ≤22.75 had 67% sensitivity and 78% specificity for next-day AKI 
development.  
Conclusion: FEU may represent a timely inexpensive biomarker for AKI.  
Supported by FAPESP.  
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Serial measurement of clinical, biochemical, and physical parameters for the prediction of severe AKI in the 
patients with hemorrhagic fever with renal syndrome 

Young-Ki Lee1, Hayne Cho Park2, Yong-Jin Yi1, Chae Hoon Han1, Eunyoung Lee3, Won-keun Kim4, Jin-Won Song4, 
AJin Cho1, Jong-Woo Yoon1 

1Hallym University College of Medicine, 2Department of Internal Medicine, Armed Forces Capital Hospital, Seongnam, 
Republic of Korea, 3Department of Laboratory Medicine, Armed Forces Capital Hospital, Seongnam, Republic of Korea, 
4Department of Microbiology, Korea University School of Medicine, Seoul, Republic of Korea 

 
Purpose: Hemorrhagic fever with renal syndrome (HFRS) is characterized by acute kidney injury (AKI), 
thrombocytopenia, and proteinuria. AKI is related to high morbidity and mortality risk. Previous studies to demonstrate 
risk factors for severe AKI were performed either retrospectively or cross-sectionally. This is the first prospective cohort 
study to evaluate the usefulness of serial measurement of clinical, biochemical, and physical parameters to predict the 
severity of AKI in the patients with HFRS.  
Methods: From October 2015 to February 2017, the patients clinically diagnosed as HFRS were enrolled in the study after 
informed consent. Clinical, biochemical, and physical parameters were collected at the point of initial visit and throughout 
admission days until diuretic phase. Serum soluble urokinase-type plasminogen activator receptor (suPAR) was measured 
at the initial visit. Physical parameters were measured serially by direct segmental measurement bioelectrical impedance 
analysis method. The subjects were classified according to 2012 KDIGO AKI stage before analysis.  
Results: A total of 22 HFRS male patients were included in the analysis. Age was 21.6 ± 1.9 years old and average 
hospitalization day and ICU stay were 14.5 ± 5.5 days and 5.1 ± 2.5 days, respectively. Ten patients (45%) developed 
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AKI stage 2 and another 10 patients (45%) developed AKI stage 3 while two patients (10%) did not developed AKI. 
Compared to the patients without AKI, the patients with AKI demonstrated longer duration of hospitalization, severe 
thrombocytopenia, marked leukocytosis, and greater amount of proteinuria. Neither subjective symptoms nor radiologic 
finding of pulmonary edema/effusion were related to the severity of renal outcome. Serum suPAR was not associated with 
severity of AKI. On the other hands, patients with AKI demonstrated increased proportion of extracellular water 
(ECW/TBW) and negative trend of phase angle (PhA) during disease course compared to those without AKI. The degree 
of oliguria, thrombocytopenia, leukocytosis, and proteinuria had predictive value for renal progression during disease 
course. However, neither serum suPAR nor physical parameters including ECW/TBW and PhA could predict renal 
progression.  
Conclusion: Serial measurement of clinical and biochemical markers is useful to assess disease severity in the patients 
with HFRS. Physical parameters only help to define concurrent volume status of the patients. 
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Early hypotension after starting continuous renal replacement therapy in patients with acute kidney injury 
predicts the composite outcome of major acute events at 90 days. 

Pangiotis Kompotiatis1, Khaled Shawwa1, Brandon Wiley1, Jacob Jentzer1, Kianoush Kashani1 

1Mayo Clinic, Rochester, MN 

 
Introduction: Continuous renal replacement therapy (CRRT) is usually the modality of choice when hemodynamically 
unstable patients develop acute kidney injury (AKI) and require renal replacement therapy. Hemodynamic instability in 
patients with AKI undergoing intermittent hemodialysis (IHD) has been associated with new lesions of acute tubular 
injury and decreased likelihood of renal recovery. However, the impact of hemodynamic instability in patients with AKI 
undergoing CRRT on mortality and renal recovery remains poorly described.  
Methods: Historical cohort study of Intensive care units (ICU) patients with AKI that underwent CRRT at one tertiary 
care hospital from December 2006, through November 2015. Multivariate logistic regression was performed to identify 
predictors of Major Acute Kidney Events (MAKE) at 90 day, which is the composite outcome of death, new dialysis, and 
worsened renal function 90 days after CRRT initiation. Hypotension was defined as meeting any of the following criteria 
occurring during the first hour of CRRT initiation: MAP <60 mm Hg, SBP <90 mm Hg or a decline in SBP >40 mm Hg 
from baseline, a positive fluid balance more than 500 ml or increased vasopressor requirement.  
Results: The analysis included 1398 patients with AKI. The median age was 63 (IQR 52-72) years with 571 (41%) 
female, median Charlson score comorbidity index 5 (IQR 3-7) and median SOFA on the day of CRRT initiation was 12 
IQR (IQR 10-15). In univariate analysis statistically significant predictors of MAKE90 were SOFA score (OR 1.11, 95% 
CI 1.07- 1.14), age (OR 1.02 95% CI 1.01-1.02), use of high bicarbonate replacement fluid (OR 1.61, 95% CI 1.24-2.07 
and hypotension in the first hour of CRRT initiation (OR 1.48, 95% CI 1.18-1.86). Hypotension within one hour of CRRT 
initiation remained an independent predictor of MAKE90 (OR 1.36, 95% CI: 1.07- 1.74, p=0.011), after adjusting for age, 
SOFA score, mechanical ventilation, fluid balance between ICU admission and CRRT initiation, Charlson comorbidity 
index, baseline serum creatinine and timing of CRRT initiation (as ICU day number when CRRT was initiated).  
Conclusions: In ICU patients with AKI, hypotension within one hour of CRRT initiation was independent predictor of 
MAKE90. Further investigations will be needed to understand this phenomenon. Furthermore, identifying modifiable risk 
factors of hemodynamic instability can improve outcomes in this patient population.  
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Reference intervals of Serum Creatinine in very low birth weight infants 

Mariko Sawada1, Kazutoshi Ueda1, Kanako Yoshizaki1, Satoko Tokumasu1, Masamichi Kubota1, Akihito Takahashi1, 
Shinich Watabe1, Kenji Waki1, Yoshio Arakaki1 

1Pediatrics, Kurashiki Central Hospital 

 
【Introduction】In 2016, acute kidney injury (AKI) guideline was published in Japan. The AKI definition of this 
guideline is based on serum creatinine (SCr) and urine output. Clinically, sole SCr is the most available for defining AKI 
in neonatal intensive care units (NICUs). Although there are some reports of SCr during first 1 week in neonates, few 
papers reported SCr after the age of 1 week in very low birth weight (VLBW) infants. The aim of this study was to 
investigate the reference intervals (RIs) of SCr in VLBW infants from birth to NICU discharge.  
【Methods】All VLBW (birth weight less than 1,500 g) infants admitted to our NICU between January 2015 and 
October 2017 were included, except for neonates with congenital anomalies of the kidney and urinary tract (CAKUT) and 
critically ill diseases such as congenital heart disease, chromosomal abnormality, malformation syndrome and/or early 
death within first week of their life. Clinical data and SCr were retrospectively collected from their medical records. SCr 
was measured every week in the first 4 weeks, and every 2 weeks after the age of 4 weeks. All SCr measurements were 
based on the enzymatic assay. The patients were divided into 4 groups by gestational age ; 22-25, 26-27, 28-31, and over 
32 weeks gestation. The RIs of SCr were defined mean value±2 SD.  
【Results】Data of 136 VLBW infants were available for this study. The gestational age was 28.7±3.4 weeks, and the 
birth weight was 1,027±331 g. It was included 77 (56.6%) male infants. The peak SCr was presented at the age of 1 week, 
and decreased gradually. SCr in male neonates was insignificantly higher than that female. The RIs of SCr in 22-25 weeks 
gestation group was highest in all groups. SCr in younger groups was significantly higher older groups (p <0.05). The SCr 
RIs at the age of 1 week was 1.34±1.04 mg/dL (22-24 weeks gestation), 1.08±0.58 (25-27 weeks gestation), 0.77±0.42 
(28-31 weeks gestation) and 0.56±0.30 (over 32 weeks gestation) (p<0.05). In all groups, the RIs of SCr was 0.30±0.12 
mg/dL at the age of 8 weeks, and 0.24±0.10 mg/dL at the age of 14 weeks.  
【Conclusion】Until the age of 8 weeks, the RIs of SCr was significantly different by their gestational age. When we 
diagnose neonatal AKI, gestational age is one of the most important information. Comparing patients’ SCr to the RIs of 
their gestational age groups could be a good help to diagnose AKI.  
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Importance of Intracellular Water Removal in Patients with AKI underwent Continuous Renal Replacement 
Therapy 

Harin Rhee1, Gum-Sook Jang1, Chulgu Hwang1, Miyeun Han1, Min-Jung Kim2, Il-Young Kim2, Sang-Heon Song1, Eun-
Young Seong1, Dong-Won Lee2, Soo-Bong Lee2 

1Pusan National University Hospital, 2Yangsan-Pusan National University Hospital 

 
Introduction  
Fluid overload is associated with worse patient outcome in acute kidney injury (AKI) patients and adequate fluid removal 
is associated with fair clinical outcome. It had been speculated that, during the volume reduction therapy, excess fluid 
would be removed from both extracellular and intracellular compartment due to the inter-compartmental fluid shift. 
However, there were few studies that observed inter-compartmental fluid shift in AKI patient and revealed its clinical 
significance. This study is aimed to assess this issue in patient with AKI underwent continuous renal replacement therapy 
(CRRT) using multifrequency bioimpedance analysis (MF-BIA).  

45



 
Methods and materials  
We prospectively collected AKI patients who needed CRRT more than three days in 3rd affiliated Hospital. During the 
study period, we measured the amount of total body water (TBW), intracellular water (ICW) and extracellular water 
(ECW) at the time of CRRT initiation (D1) and three days after CRRT operation (D3). TBW, ICW and ECW were 
adjusted with height2 and the removed volume was calculated by measured volume at D3 minus measured volume at D1.  
 
Result  
Among the 336 included patients, 40.2% were dead. After 3-days of CRRT, TBW/H2 was equally decreased in survivors 
and non-survivors. However, removed ICW/H2 volume was larger in survivors than non-survivors (-0.21±0.87L/m2 in 
survivors, -0.02±0.97 L/m2 in non-survivors, p=0.063). On Kaplan-Meier analysis, patients group who’s ICW/H2 volume 
was removed larger than -0.21L/m2 during 3 days of CRRT showed significantly better survival than the others(log rank 
=0.010).When we performed multivariable analysis, a smaller removal of ICW/H2 was a significant factor predicting 
patient survival (OR 1.232(1.002-1.481), p=0.027) along with the lower serum albumin, creatinine level, lower BMI and 
presence of cancer at the time of CRRT initiation (Table).  
 
Conclusion  
A smaller ICW/H2 removal detected by MF-BIA was associated with poor patient survival. This might be associated with 
delayed inter-compartment fluid shift during volume reduction therapy. Further research should be needed.  

 

 Model 
I   Model 

II   Model 
III   

 OR 95% CI P-
value OR 95%CI P-

value OR 95%CI P-
value 

Male, % 0.581 0.351-
0.962 0.035 0.555 0.333-0.925 0.024 0.630 0.387-

1.027 0.064 

Cancer, % 1.954 1.065-
3.583 0.030 1.953 1.063-3.590 0.032 1.942 1.059-

3.562 0.032 

Creatinine, mg/dL 0.879 0.806-
0.959 0.004 0.879 0.806-0.959 0.004 0.888 0.814-

0.969 0.008 

Albumin, g/dL 0.634 0.428-
0.940 0.023 0.625 0.422-0.926 0.026 0.652 0.438-

0.971 0.035 

Body Mass Index, kg/m2 0.960 0.876-
0.987 0.017 0.925 0.871-0.982 0.011 0.941 0.890-

0.996 0.036 

D3-D1TBW/height2, 
L/m2 1.014 0.994-

1.225 0.064       

D3-D1 ICW/height2, 
L/m2    1.232 1.0024-

1.481 0.0027    

D3-D1 ECW/height2, 
L/m2       1.119 0.928-

1.349 0.237 
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Roles of Urinary KIM-1/sC5b-9 in Early Diagnosis of Acute Tubulointerstitial Nephritis 

Jun-Wen Huang1, Wen-Ting Zhao1, Ping-Ping Sun1, Tao Su1, Jia-Wei Tang1, Su-Xia Wang1, Gang Liu1, Li Yang1 

1Peking University First Hospital 

 
Background  
Acute tubulointerstitial nephritis (ATIN) is defined by the presence of inflammatory cells in the interstitium and is 
estimated to account for 15-20% of parenchymal AKI. Though sensitive to steroid treatment, roughly half of ATIN 
patients cannot reach complete recovery and develop chronic kidney disease (CKD). Early diagnosis is crucial to the 
disease resolution and defining active interstitial inflammation is essential for making proper treatment strategy.  
Methods  
Patients who were clinicopathologically diagnosed as ATIN from 1st January 2014 to 30th June 2016 in our hospital were 
enrolled. Clinical and pathological data were analyzed. Urine samples on the day of renal biopsy were collected and 
detected for urinary kidney injury molecule-1 (u-KIM-1) and urinary soluble C5b-9 (u-sC5b-9).  
Results  
Fifty-four ATIN patients were enrolled in the study. Both u-KIM-1 and u-sC5b-9 were markedly increased in ATIN 
patients compared to healthy controls (P<0.001). U-KIM-1 level positively correlated with urinary NAG value (r=0.542, 
P=0.001), microalbuminuria (r=0.434, P=0.005), and pathological tubular activity score (r=0.469, P<0.001), meanwhile it 
negatively correlated with pathological chronicity scores, both for tubular atrophy (r=-0.359, P=0.008) and for interstitial 
fibrosis (r=-0.296, P=0.030). U-sC5b-9 level was found to be positively correlated with sCr at renal biopsy (r=0.306, 
P=0.026), and pathological activity scores both for tubular injury (r=0.413, P=0.002) and for interstitial inflammation 
(r=0.388, P=0.004). It also had negative correlations with pathological chronicity scores. Furthermore, u-sC5b-9 level was 
negatively associated with patients’ disease course, i.e. the interval between disease onset and renal biopsy (r=-0.403, 
P=0.003), and positively with systemic inflammatory indicators such as ESR (r=0.515, P<0.001) and complements C3 
(r=0.424, P=0.011) and C4 (r=0.441, P=0.008) values. The AUC was 0.98 for ATIN (95% CI 0.96-1.0, P<0.001, 
sensitivity 93%, specificity 96%) with a cut-off value of u-KIM-1>1.1 ng/mg; and 0.88 (95%CI, 0.81 to 0.96, P<0.001, 
sensitivity 80%, specificity 88%) with a cut-off value of u-sC5b-9>1.6ng/mg. 
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Hemolytic Uremic Syndrome Complicating Severe Acute Kidney Injury Caused By Escherichia fergusonii 
Infection 

seung don baek1, jai won chang2 

1mediplex sejong hospital, 2asan medical center 

 
The hemolytic uremic syndrome (HUS) is a rare disease, typically associated with Shiga toxin-producing Escherichia coli 
O157:H7 strains. We report the first case of HUS caused by Escherichia fergusonii urosepsis in a 76-year-old female. In 
the present case, blood and urine culture yielded Escherichia fergusonii. The peripheral blood smear revealed 
microvascular hemolytic anemia and marked thrombocytopenia. The patient's renal function improved after two months 
of hemodialysis. Escherichia fergusonii is a rare, but clinically important human pathogen that could cause severe kidney 
injury complicated by HUS.  

Figure on following page 
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Real-Time Furosemide Response In The ICU Patient  

Aliza Goldman1, Hagar Azran1, Tal Stern1, Mor Grinstein1, Guy Rosenthal2, Dafna Wilner2 

1RenalSense, 2Hadassah Medical Center  

 
Study goal: This study is a sub-analysis of a prospective observational study we developed using real-time electronic urine 
output (UO) monitoring to identify the oliguric patient in the intensive care unit (ICU). We compared real-time UO 
response to standard of care furosemide administration in patients with and without acute kidney injury (AKI). Methods: 
96 General ICU patients in Hadassah Medical Center, Israel were electronically monitored for hourly UO using The 
RenalSense Clarity RMS™ sensor kit. KDIGO (Kidney Disease Improving Global Outcomes) criteria were used to define 
the AKI status of the patients according to UO, serum creatinine (SCr) or both criteria, and divided accordingly, into the 
following groups: non-AKI, AKI UO-only, AKI SCr-only,and AKI UO+SCr. 150 doses of furosemide overall were 
analyzed and compared for UO response over 4 hours after administration. Results: Time to peak UO after furosemide 
administration: In patients with AKI UO-only (56 doses), AKI SCr-only (11 doses), AKI SCr+UO (47 doses), and non-
AKI (36 doses), median peak time was 90, 100, 95, and 75 min, respectively. In the AKI-UO only, AKI SCr-only, and 
AKI UO+SCr groups, there was no peak response in 15%, 9% and 9% of the administrations, respectively. All doses in 
the non-AKI patients had a peak response. Total UO at peak hour (ml/kg/hr): there was no significant difference between 
the UO total at the peak hour in the AKI UO-only and AKI SCr-only groups as compared to non-AKI patients (mean=4.0, 
4.2, and 5.1 ml/kg/hr, respectively). Patients with AKI UO+SCr had a significantly smaller UO at the peak response 
(mean=2.1 ml/kg/hr) (p<0.0065) than non-AKI patients. Change in UO from baseline to peak (ml/kg/hr): Mean change in 
UO after furosemide administration for AKI UO-only, AKI SCr-only, AKI UO+SCr and non-AKI groups was 3.4, 2.8, 
1.43, and 4.21 ml/kg/hr respectively. The change in UO was significantly smaller in the AKI UO+SCr group as compared 
to the non-AKI group (p<0.0113). Conclusion: In our study we have presented real-time monitoring of furosemide 
response for the first time as it relates to the AKI status of the ICU patient. We have shown the significant difference in 
response to furosemide between the non-AKI patient and the AKI patient when both KDIGO criteria are applied. Further 
research using intensive real-time monitoring of UO in relation to furosemide administration may be used to help 
determine appropriate furosemide protocols for the AKI patient.  
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Using Kinetic eGFR to Predict Acute Kidney Injury in Children Undergoing Cardiac Transplantation 

Minnie N Dasgupta1, Maria E Montez-Rath1, Seth A Hollander 1, Scott M Sutherland 1 

1Stanford University, Palo Alto, CA, USA 

 
Background: Acute kidney injury (AKI) is a frequent complication among critically ill children and is especially common 
following cardiac transplantation. The kinetic estimated GFR (kGFR) uses creatinine values at two different time points to 
generate a dynamic assessment of renal function. In adults, this has been predictive of AKI, poor renal outcomes, and the 
likelihood of renal recovery. To date, there have been no formal studies of kGFR in pediatric populations.  
 
Objective: To determine whether kGFR can predict AKI, severe AKI, and renal recovery in pediatric patients undergoing 
cardiac transplantation.  
 
Methods: We performed a single-center retrospective study of 175 children admitted to the cardiovascular intensive care 
unit (ICU) following cardiac transplantation from 2007-2017. We calculated kGFR using two serum creatinine values 
obtained in the immediate post-operative period. Children who were on dialysis prior to transplantation and those who 
developed AKI before kGFR could be determined were excluded. The primary outcome was development of AKI 
(defined by KDIGO criteria) in the first 7 post-operative days. Secondary outcomes were development of severe AKI 
(KDIGO Stage 2/3) in the same time frame and renal recovery from AKI (no longer meeting KDIGO criteria) at 3 months 
post-operatively.  
 
Results: Median age was 9.1 years (IQR 1.5-15.0) and median weight was 23.6 kg (IQR 10.4-49.7). 101 (58%) were male. 
93 (53%) underwent transplant for cardiomyopathy and 79 (45%) for failed palliation of congenital heart disease. During 
the first 7 post-operative days, AKI occurred in 131 (75%) and severe AKI occurred in 71 (41%); dialysis was required in 
5 (2.9%). At 3 months after transplantation, renal recovery had occurred in 70%. kGFR was predictive of AKI (AUC c-
statistic 0.71) and severe AKI (AUC c-statistic 0.72), but not renal recovery (AUC c-statistic 0.52).  
 
Conclusion: kGFR was predictive of AKI in children undergoing cardiac transplantation and may represent a novel early 
identification tool. Future studies should include more heterogenous ICU populations and prospective analyses.  
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BACKGROUND  
Nucleotide reverse transcriptase inhibitor is used for the treatment of chronic hepatitis B (CHB). Preemptive antiviral 
therapy can improve the survival of HBsAg-positive renal allograft recipients. But there are concerns about the potential 
risk of nephrotoxicity with long-term use. This study aims to assess the nephrotoxicity and efficacy of tenofovir disproxil 
fumarate (TDF) and entecavir (ETV) in kidney transplant (KT) recipients.  
METHODS  
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We performed a single center based, retrospective study of 55 patients with CHB treated with TDF (n=34) and ETV 
(n=21) after kidney transplantation. Patients with an estimated glomerular filtration rate (eGFR) decrease <20% in eGFR 
were recorded after 1 year from treatment, calculated using the Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI). Treatment efficacy was assessed by hepatitis B virus (HBV) Deoxyribo Nucleic Acid (DNA) levels and the 
virological breakthrough.  
RESULTS  
Mean eGFR at 1 year was 59.5 ml/min/1.73m2 and 70.3 ml/min/1.73m2 at the TDF and ETV group (p=0.093). But in 
TDF group, the incidence of patients with decline of eGFR more than 20% at 1 year from the initiation of treatment was 
higher than ETV group (number of patients with decreased eGFR more than 20%, 6/21 vs. 1/34; p=0.010). There was no 
significant change in liver enzyme between TDF group and ETV group after 1 year from the initiation of treatment (Mean 
aspartate aminotransferase, 25.2 IU/L vs. 26.4 IU/L; p=0.615, Mean alanine aminotransferase, 21.2 IU/L vs. 21.2 IU/L; 
p=0.457). And there was no difference in the rate of the virological breakthrough between the TDF group and the ETV 
group after 1 year from the initiation of treatment (number of patients with virological breakthrough, 6/21 vs. 11/34; 
p=0.768). By multivariate analysis, TDF was associated with decrease of eGFR more than 20% after 1 year of antiviral 
therapy (adjusted odds ratio, 86.22; 95% confidence interval, 3.42-2172.28; p=0.007)  
CONCLUSIONS  
There was no significant difference in the antiviral efficacy between TDF and ETV group at 1 year from treatment. In 
patients who received antiviral therapy after KT, patients who treated with TDF have higher risk of the decline of renal 
function at 1 year than patients who treated with ETV.  
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Dihydroartemisinin Attenuates Renal Fibrosis Via Inhibiting M2 Macrophage Proliferation 

Weijian Yao1, Yifen REN1, Fanghao CAI1, Pingping SUN1, Yan JIA1, Jiawei Tang1, Lei QU1, Tao SU1, Li YANG1 
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Purposes:Acute kidney injury (AKI)is a clinically critical illness and there is currently no effective treatment.M2 
macrophage participates in AKI repair and promote fibrosis.Taking M2 macrophage as a therapeutic target,we trend to 
screen drugs and study their roles and related mechanisms in post -AKI renal fibrosis.Methods:(1)Review the literatures 
and find drugs that may have therapeutic effects on M2 macrophage.(2)CCK8 test used for preliminary screening of 
drugs. (3)Edu incorporation and AnnexinV were used to study the effects of drugs on M2 macrophage proliferation and 
apoptosis.(4)CCK8 test study the toxicity of drugs on renal cells.(5)Created uIRI and UUO renal fibrosis model and used 
Sirius red staining,collagen I immunohistochemistry and Fibronectin(FN) western blot to verify the efficacy and safety of 
drug in vivo.Results:(1)Screened out a therapeutic drug-dihydroartemisinin(DHA).In CCK8 test,10µM DHA acted on M2 
macrophages for 24h,inhibiting the viability of M2 macrophage with concentration and time dependence.(2)2µM DHA 
inhibited M2 macrophage proliferation and 40µM promoted the apoptosis of M2macrophage.2µM had no effect on the 
proliferation of renal cells.(3)According to clinical pharmacokinetic studies,2µM is much lower than the clinical effective 
concentration.(4)In the uIRI model,DHA20mg/kg,ig from 4 days after surgery,once a day, lasting 10 days. DHA can 
reduce fibrosis area, collagen I andfibronectin (FN)expression.In the UUO model,DHA 20mg/kg,ig after surgery,once a 
day,lasting 10 days.DHA attenuated fibrotic area and collagen I expression.Conclusions: We found that 2µM DHA inhibit 
the proliferation of M2 macrophage and reduce the renal fibrosis after AKI. 
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activation and senescence through RNA transfer: Relevance for Delayed Graft Function  
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BACKGROUND: Activation of the complement cascade and oxidative stress are hallmarks of delayed kidney graft 
function (DGF) due to ischemia-reperfusion injury (IRI). Endothelial progenitor cells (EPCs) are bone marrow-derived 
precursors known to reverse IRI by paracrine mechanisms including the release of extracellular vesicles (EV), small 
particles playing a role in intercellular communication through the transfer of genetic material. The study aim was to 
evaluate the regenerative role of EPC-derived EV in kidney IRI through the horizontal transfer of RNA involved in the 
inhibition of complement activation, oxidative stress and senescence.  
METHODS: EPC were isolated from peripheral blood of healthy volouteers and EV obtained by supernatant 
ultracentrifugation were characterized for size, protein and RNA content. We evaluated the effects of EV in a rat model of 
kidney IRI and in vitro on human tubular epithelial and endothelial cells cultured under hypoxia.  
RESULTS: EPC-derived EV sized 60-130 nm and carried different subsets of mRNAs and microRNAs able to modulate 
cell proliferation, angiogenesis and apoptosis (eNOS, Akt, Bcl-XL, miR-126, miR-296). By qRT-PCR, we found within 
EV mRNAs coding for the complement inhibitors factor H, DAF (CD55), CD59 and for the anti-oxidant transription 
factor nrf2. In experimental kidney IRI, EPC EV localized within peritubular capillaries and tubular cells exerting 
morphologic and functional protection from by reducing tubular cell apoptosis/senescence and leukocyte infiltration. 
Moreover, EV administration reduced C5b9 deposition and enhanced the expression of factor H, DAF, CD59 and nrf2 in 
the ischemic kidney. In vitro, EV reduced hypoxia-induced apoptosis/senescence of tubular epithelial (caspase activation, 
Klotho expression) by up-regulating the expression of factor H, DAF, CD59 and nrf2. The role of horizontal RNA transfer 
to hypoxic renal cells was confirmed by experiments using RNase-treated EV.  
CONCLUSIONS: EPC-derived EV protect the kidney from IRI by delivering pro-angiogenic, anti-apoptotic, complement 
inhibitors and anti-oxidant microRNAs and mRNAs coding for factor H, DAF, CD59 and nrf2 to injured tubular epithelial 
and endothelial cells. These results suggest the potential use of EPC-derived EVs as therapeutic tool to avoid or at least to 
limit IRI-associated DGF in kidney transplantation without the potential adverse effects of whole stem cell therapy 
including maldifferentiation and tumorigenesis.  
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Introduction: Proenkephalin A 119-159 (penKid) has been proposed as a sensitive biomarker of glomerular function. In 
this ancillary study of the PRONOburn cohort we evaluated the ability of admission plasma penKid to predict kidney 
events in severely ill burn patients.  
Methods: PRONOburn is a bicentric French prospective, observational study designed to investigate factors associated 
with outcome of burn patients. All consecutive burn patients (inclusion criteria: age>18 years, total body surface area burn 
[TBSA] >15% and non-opposition to participate) admitted in participating burn ICUs (intensive care unit) were included. 
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The primary endpoint of this ancillary study was to evaluate the predictive value of penKid for 90 day mortality. 
Secondary endpoints were to evaluate the predictive value of penKid for in-ICU AKI, for a combined endpoint (90 
mortality and/or in-ICU AKI). AKI was defined using the KDIGO definition. Subclinical AKI was defined as patient 
without AKI in the first seven days but a penKid dosage>80pmol/L.  
Results: From April 2014 to April 2016, 109 consecutive patients were enrolled. Mean age was 48 years, mean Sequential 
related organ failure assessment was 4, 67% were male. TBSA was 35%. Overall 90 day mortality was 27.5% , 35.7% had 
AKI during ICU stay and 44% had the combined endpoint. Penkid was significantly higher in non-survivors compare to 
survivors (113.2pmol/L vs 54.8pmol/L ; p<0.0001) and in patient with in-ICU AKI compare to patient without 
(91.4pmol/L vs 53.1pmol/L ; p<0.0001). Penkid provided added value on top of creatinine and SOFA score to predict 90 
day mortality (Combined c index=0.766 vs 0.716; p=0.004 and 0.812 vs 0.762; p<0.001 respectively). PenKid c index to 
predict in-ICU AKI was high 0.755. Penkid added value on top of creatinine and SOFA score to predict the combined 
criteria (c index=0.839 vs 0.799; p=0.006 and 0.878 vs 0.806; p<0.001 respectively). Serial penkid measurements 
(Admission and Day3) added value on top of admission measurement alone to detect the combined end point and 
worsening renal function. Finally, there was a progressive increase risk of mortality from patients without AKI, sub-AKI 
and AKI (Survival rate 91%, 66.7% and 40.4% respectively, p<0.0001).  
Conclusion: Admission penKid concentration was associated with risk of mortality in burn patients. It added value on top 
of creatinine and SOFA to predict 90 day mortality. Sub-AKI detected with penKid was associated with risk of death.  
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Living kidney donors (KD) develop a partial loss of renal function defined as AKI. The recovery is due to renal functional 
reserve (RFR), the capacity to increase GFR. Recent studies indicated an increased risk of CKD progression in KD. 
However, there are limited data on RFR.  
The study aim was to analyze renal function in 48 KD before nephrectomy by radioisotopic GFR (51Cr-EDTA) and by 
concomitant sequential functional scintigraphy (99mTc-MAG) to determine split renal function (7 days and 1 year after 
procedure). Furthermore, 16 KD underwent a glomerular stress test with protein load to assess RFR: predictive 
performance of pre-donation RFR on post-donation “AKI” and the relative compensatory GFR increase of the single 
kidney were also evaluated.  
KD median age was 55 years (min-max, 30-76), serum creatinine (sCr) 0.70 mg/dL (0.5-1,02), eGFR (CKD-EPI) 101 
mL/min/1.73m2 (69-119), radioisotopic (51Cr-EDTA) GFR 98 mL/min (77.4-129). By scintigraphy using 99mTc-MAG, 
the mean percentage of renal function of the right kidney was 47.4% (43-56). As expected, immediately after 
nephrectomy all KD worsened renal function: median sCr was 1.22 mg/dL (1.11-1.44) within 72 hours post-surgery. 
Seven days after surgery, renal recovery was observed in all cases: median sCr was 1.04 mg/dL (0.92-1.28). One year 
after nephrectomy (all left), we studied KD renal function (GFR) using 51Cr-EDTA and we then compared it with the 
split radioisotope GFR of the right kidney pre-nephrectomy. Median GFR was 64 mL/min (44-87) vs. 46.6 mL/min (38.4-
65) before donation with an average compensatory GFR increase of 18.2 mL/min (0.8-45.6) and a percentage increase of 
the right renal function of 34.5% (1.4-110). Pre-donation RFR in a subgroup of 16 KD was 21.5 mL/min/1.73m². Of 
interest, we found a strong linear correlation between pre-donation RFR and the compensatory GFR increase 1 year after 
donation (r=0.66): moreover, biomarkers of tubular injury (NGAL and TIMP2/IGFBP7) were negative for all the study period.  
In conclusion, radioisotopic GFR evaluation is feasible and allows a precise determination of renal function and 
compensatory GFR increase of the single kidney after nephrectomy in KD. RFR may represent a useful tool for “medically 
complex” KD screening, thus leading to a potential increase of living kidney transplantation. The increase of sCr after 
nephrectomy is not a “true” AKI considering the negativity of injury biomarkers and the lack of progression toward CKD. 
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Background: Acute kidney injury (AKI) is a common clinical event with severe consequences. It is often underrecognized 
and consequently not managed properly. Early, accurate diagnosis and correct management may improve the standard of 
care and patient outcome.  
Methods: This was a prospective intervention study across all non-nephrology, non-intensive care patients aged 6 mo-
18yrs. Our aim was to see if a clinical decision support system (CDSS) including an electronic-alert (e-alert) and a 
standardized care pathway (SCP) can improve detection and outcome of AKI. A text page was sent in real-time to a 
patient's contact provider at onset of AKI [based on Kidney Disease Improving Global Outcomes (KDIGO) criteria]. The 
page had information on AKI stage and was linked to the care pathway that provided basic guidelines on AKI 
management (AEIOU: Assess cause of AKI, Evaluate drug doses, Intake Output charting, Urine dipstick, Optimize 
volume status). This was available as an orderset and was disseminated to providers via talks, emails and posters. No 
orders or consults were placed automatically. The study was done in 3 phases: a baseline pre-alert phase, an e-alert phase 
and a post-alert phase. This is interim data from phases 1 and 2.  
Results: 177 AKI alerts were recorded in 165 patients across both phases (Table). Both had similar baseline characteristics 
including admitting service, history of transplant or past AKI. There was significant difference in the documentation of 
AKI (41%, pre-alert vs 70%, alert phase, p<0.001). Urine dipstick, intake output charting, fluid rate changes were done 
more frequently in the alert phase. More patients in the alert phase (73% vs 50%, p<0.05) had their nephrotoxic 
medications adjusted or discontinued. While the mean estimated glomerular filtration rate (eGFR) at discharge and at 
follow up was > 90 for both phases, it was higher in the alert phase.  
Conclusion: Our study shows that AKI remains under diagnosed and inpatient nephrology consultation is underutilized. 
E-alerts improve the recognition of AKI, enabling providers to intervene early. Better management during the AKI 
episodes results in improved eGFR at discharge and follow up. When combined with an SCP, an e-alert may improve 
short and long-term outcomes of children with AKI. Next we plan to see if the behavioral change brought about by the 
CDSS persist even after the alerts are turned off, and review provider feedback. 
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Background and aims  
Skeletal muscle wasting is an early effect of acute illness in the Intensive Care Unit (ICU) setting. Ultrasound (US) is 
increasingly used to evaluate muscle thickness and mass. In patients with Acute Kidney Injury (AKI) it is a reliable and 
accurate method, also not being influenced by rapid fluid balance changes (Sabatino et al, Clin Nutr 2017; 36:1710). The 
current study was aimed at validating this method applied to the quadriceps femoris muscle (QFM) by a gold standard 
muscle imaging technique, computerized tomography (CT).  
 
Research Methods and Procedures  
Observational study approved by the local Ethical Committee in critically patients with stage 3 AKI consecutively 
admitted to the Renal ICU of Parma University Hospital. Patients were requiring abdominal/lung CT scans for clinical 
reasons. Quadriceps rectus femoris and vastus intermedius thickness were measured by US, and in parallel by CT scans at 
the same exact sites by blinded assessors. Written informed consent was obtained by the patients or their next of kin.  
 
Results  
Pairwise comparison between US and CT-scans measurements (30 patients, 233 measurements) revealed no differences 
between the two methods (1.21 [±0.45] versus 1.22 [±0.43], P = 0.38). Correlation coefficients were high for all sites, 
(0.85-0.95, P < 0.0001). A Bland-Altman plot (all measurements, n = 233) showed quite low bias values (-0.01, SD 0.18) 
and low limits of agreement (-0.35 to 0.33).  
 
Conclusion  
US is a valid technique to be applied at the bedside of critically ill patients with AKI for the assessment of quadriceps 
muscle thickness.  
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Background:  
Acute kidney injury (AKI) often develops as a complication of critical illness and affects a significant proportion of 
patients. AKI in ICU is associated with worse outcomes including mortality, longer length of stay and cost along with 
worse long-term outcomes. Comorbid conditions and use of nephrotoxins are considered strong AKI risk factors. 
Typically, this information is known at ICU admission. Therefore, we built a model to predict the risk of developing AKI 
in ICU stay using solely information available before the ICU admission.  
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Method:  
Retrospective data collected from all adult ICU admissions to the Mayo Clinic from 2005 to 2017 totaling 131,873 ICU 
admissions. We excluded those with CKD stage V, or substantial missing data (3.7% of admissions removed). The dataset 
included comorbid conditions, medications, procedures and admission information and vital signs or laboratory 
measurements after ICU admission were not included. The KDIGO criteria were used to calculate the AKI stage for these 
patients. Controls patients were those without AKI (Stage 0), and Disease group included patients with moderate-severe 
AKI (Stage 2 + 3) using urine and creatinine staging were used for training (80% of cohort) and validation (20% of 
cohort). All other patients, i.e., patients with Stage 1, and individuals with different Cr Stage and Urine Stage, were used 
as the test cohort. We trained a multilayer perceptron model with three layers. The model performance was evaluated on 
the validation cohort, as well as on the test cohort.  
 
Results:  
The full feature model (98 features), performed with AUROC 0.90 (sensitivity 0.74, specificity 0.88) on the validation 
cohort and with AUROC 0.79 (sensitivity 0.34, specificity 0.91) on the test cohort (threshold= 0.1, Figure A). A reduced 
feature model (44 features) performed with AUROC of 0.85 (sensitivity 0.61, specificity 0.89) on the validation cohort 
and AUROC of 0.76 (sensitivity 0.29, specificity 0.92) on the test cohort (Figure B). The five most important features 
selected by the models were: Comorbidities, age, gender, baseline creatinine and admitting diagnosis.  
 
Conclusion:  
AKI risk can be evaluated at ICU admit using a model solely made by the comorbid conditions. It has good predictive 
performance even without any exposure information. 
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Soluble Urokinase Plasminogen Activator Receptor{sUPAR} levels as Prognostic Marker in Critically ill Patients 
with Acute Kidney Injury Requiring Dialysis Supports 

ANIL KUMAR C VENKATA1 

 
Background and Aim: Acute kidney injury (AKI) complicates the course in 50% to 60% of those admitted to the intensive 
care unit, leading to mortality and morbidity.Present study compared the sUPAR levels and severity of illness as assessed 
by using general scoring and organ specific scoring systems in critically ill patients with acute kidney injury requiring 
dialysis supports. MATERIALS & METHODS:A prospective study was performed on thirty consecutive critically ill 
patients with acute kidney injury requiring dialysis supports in the department of Nephrology at Sri Venkateswara 
institute of medical sciences,Tirupati during a period of June 2016 to June 2017 .  
Thirty healthy controls of same age and gender were recruited into the study. After inclusion,the specific medical 
condition leading to RRT initiation was documented. The general scoring (SOFA and APACHE II score) and organ 
scoring (Risk, Injury, Failure, Loss of kidney function, and End-stage kidney disease (RIFLE) category, Acute Kidney 
Injury Network (AKIN) staging and Acute tubular necrosis Individual Severity Index (ATN-ISI) Scores were done for 
each patient at the time of presentation.  
RESULTS:In 30 AKI patients,13 were in the sepsis and 17 were in the SIRS group based on the definitions.The causes of 
AKI are community acquired AKI and none are hospital acquired AKI. Of 30 patients,3 survived and 17 expired. sUPAR 
levels were found to be high in patients with AKI as compared to controls,patients with sepsis than with SIRS. Patients 
with sepsis had high SOFA, APACHE II and ATN-ISI scores compared to those without sepsis.SOFA,APACHE IIand 
ATN-ISI scores were high in non survivors compared with survivors. sUPAR levels were high in survivors than in non 
survivors.  
CONCLUSION:Serum suPAR levels were high in patients with AKI compared with healthy individuals. Among the 
patients with AKI, high suPAR levels were observed in patients with sepsis in comparison to those without sepsis. High 
suPAR levels were noted in survivors in comparison to non survivors whereas non-survivors had high SOFA Score, 
APACHE II Score and ATN-ISI Scores compared with survivors. Thus our observations conclude that suPAR is a 
clinically relevant marker in the assessment of injury as well as the outcome in patients with acute kidney injury.  
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Background: Acute kidney injury (AKI) is associated with increased morbidity and mortality and is frequently 
encountered in cardiovascular surgical intensive care units (CVS-ICU). Early detection of urinary biomarker reflects 
kidney injury might provide the chance to improve outcome. We used the biomarkers cyclophilin A (CypA) and 
neutrophil gelatinase-associated lipocalin (NGAL) and compared their utility in predicting AKI.  
Methods: This was a prospective observational study conducted in a CVS-ICU of a tertiary care university hospital. 
Patients who received cardiac surgery were enrolled. Serum and urinary samples were collected between September 2015 
and December 2016. The definition of AKI was based on KDIGO classification. All prospective demographic, clinical, 
and laboratory data were evaluated as predictors of AKI.  
Results: A total of 186 adult patients with a mean age of 60 years were investigated. AKI was diagnosed in 92 (49.5%) 
patients. Multivariable logistic regression analysis revealed urinary CypA and serum albumin as independent risk factors 
for AKI. For predicting AKI, both urinary NGAL and CypA demonstrated excellent areas under the receiver operating 
characteristic curve (AUROC) (0.748 and 0.738, respectively). A combination of these markers revealed an AUROC of 
0.848.  
Conclusion: Our result revealed that CypA and NGAL had considerable discriminative powers for predicting AKI in 
CVS-ICU patients. Careful inspection for medication, choice of therapy, and early intervention in patients exhibiting 
increased biomarker levels might improve the outcomes of kidney injury.  
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Objective: Whether surgery time (workday or weekend) affects the occurrence and prognosis of cardiac surgery 
associated-acute kidney injury (CSA-AKI) remains unclear. This study aims to compare the incidence and short-term 
prognosis of CSA-AKI on workdays and weekends to determine the effect of surgery time.  
Methods: The clinical data of patients undergoing cardiac surgery from April 2016 to December 2016 were 
retrospectively collected. Patients were divided into workday groups and weekend groups based on the surgery 
completion time. The primary endpoints were the incidences of CSA-AKI and AKI requiring renal placement therapy 
(AKI-RRT). The secondary endpoints included hospitalization time, length of intensive care unit (ICU) stay, mechanical 
ventilation time, incidence of short-term adverse events after surgery (including death and treatment abandonment), 
hospitalization costs, and renal recovery.  
Results: A total of 1974 patients aged from 18 to 80 were enrolled. Among these patients, 1118 (56.6%) were male. The 
average age was (56.1±12.9) years. The incidence of CSA-AKI was 35.4% in all patients. The incidence of CSA-AKI in 
the weekend group was significantly higher than that in the workday group (42.8% vs 34.7%, P=0.038). However, the 
incidence of AKI-RRT showed no statistically significant difference between the two groups. In AKI-RRT subgroup, 
there was no statistical difference of the duration from surgery to RRT initiation between the weekend group and the 
workaday group, nor the urine output at RRT initiation between the workday group and weekend group. The length of 
hospitalization for AKI patients in the weekend group was significantly shorter than that in workdays (13 [10, 17] days vs. 
[11, 19] days, P= 0.011). However, no statistical difference was found between weekend group and workday group in 
terms of short-term adverse events, length of ICU stay, mechanical ventilation duration, or the percentage of complete 
renal recovery before discharge. Multivariate logistic regression analysis revealed that aging, preoperative serum 
creatinine >106 µmol/l, preoperative higher level of serum uric acid, preoperative increased red cell distribution width, a 
history of cardiac surgery, aorta surgery and weekend surgery were independent risk factors of CSA-AKI.  
Conclusions: The incidence of CSA-AKI in patients undergoing surgery on weekends was significantly higher than that in 
workdays, and weekend surgery was an independent risk factor of CSA-AKI.  

 

 Workday group (N=1808) Weekend group (N=166) P 
value 

Incidence of CSA-AKI 628(34.7%) 71(42.8%) 0.038 
Days between surgery and CSA-AKI 
diagnosis 1[1,1] 1[1,1] 0.472 

Initial AKI stage[n(%)]    
Stage 1 518(82.5%) 58(81.7%)  
Stage 2 52(8.3%) 4(5.6%)  
Stage 3 58(9.2%) 9(12.7%)  
AKI development[n(%)] 134(21.4%) 13(18.6%) 0.588 
RRT[n(%)] 80(4.4%) 9(5.4%) 0.554 
Days between surgery and RRT 1[1,4] 2[1,2.5] 0.972 
Urine output before RRT 610[215, 1213] 610[160, 1475] 0.866 
RRT times 4[2,6] 1[1,7] 0.137 
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 AKI patients in workday group 
(N=628) 

AKI patients in weekend group 
(N=71) 

P 
value 

Mortality[n(%)] 34(5.4%) 4(5.6%) 0.938 
Hospitalization time(d) 14[11,19] 13[10,17] 0.011 
ICU time (d) 2[1,5] 3[2,4] 0.091 
Ventilation time (d) 1[1,2] 1[1,2] 0.988 
Renal recovery[n(%)]    
Totally 474(75.5%) 51(71.8%)  
Partially 62(9.9%) 9(12.7%)  
No 92(14.6%) 10(14.1%)  
Days between AKI and total renal 
recovery (d) 4[2,6] 3[2,5] 0.202 

Scr before discharge (µmol/L) 99.8±73.1 101.5±77.2 0.856 
Expenses ( 10,000 RMB) 16.3±7.5 16.7±11.3 0.698 
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Purpose: Acute kidney injury (AKI) is sudden kidney damage or failure that results in a rapid decline in kidney function. 
Management of AKI, globally, is highly variable due to knowledge-to-action gaps and inconsistent access to resources. 
Clinical practice guidelines can provide important guidance and, when evidence warrants strong recommendations, can 
help to minimize variability in care; however, evaluating the trustworthiness of recommendations requires appraisal of 
guideline quality. The objective of this systematic survey is to critically appraise clinical practice guidelines (henceforth 
referred to as guidelines) addressing management of AKI.  
 
Methods: We systematically searched MEDLINE, the National Guideline Clearinghouse, Guideline International 
Network, and Turning Research into Practice, with language restrictions, up to August 2017. Guidelines that address 
diagnosis, monitoring or management of AKI in adult or pediatric populations were eligible for our review. We restricted 
our review to guidelines that generate their own recommendations, versus those that adapt or adopt existing guideline 
recommendations. We evaluated the most recent version of each guideline, if multiple versions exist. We excluded 
guidelines addressing prevention of AKI and those specific to kidney transplant recipients. Teams of two reviewers, 
independently and in duplicate, screened titles and abstracts and potentially eligible full text reports to determine 
eligibility, and appraised the reporting quality of AKI guidelines using the Advancing Guideline Development, Reporting 
and Evaluation in Health Care instrument II (AGREE).  
 
Results: Eleven guidelines published from 1997 to 2016 addressing the diagnosis, monitoring or management of AKI 
proved eligible. We included three guidelines for the management of the hemolytic uremic syndrome, one guideline for 
the management of the hepato-renal syndrome and one guideline for the management of the cardiorenal syndrome. Two 
guidelines included recommendations on nutrition in AKI. Only one guideline made recommendations for the pediatric 
patient population. The National Institute for Health and Care Excellence (NICE) and Kidney Disease: Improving Global 
Outcomes (KDIGO) guidelines performed best with respect to AGREE II criteria; only one other guideline warranted 
high scores on three domains.  

Conclusions: Only two of these guidelines, the KDIGO and NICE guidelines, met most criteria of the AGREE II instrument.  
Figure on following page 
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Object: Whether serum and urine ion profiles alter in contrast-induced acute kidney injury is a novel research direction in 
AKI biomarker. This study aims to demonstrate the serum and urine ion profile of contrast-induced acute kidney injury in 
rat, to facilitate the ionomics biomarker research.  
Methods: A total of 20 male Sprague-Dawley rats (300-400g) with similar baseline serum creatinine (1.0-2.0mg/dL) were 
randomly divided into contrast agent group (CM group, n=10) and control group (NS group, n=10). Modelling was 
performed using a 5/6 nephrectomy (NE) procedure, 6 weeks before administration of iohexol (10mg/kg) or 
saline(10mg/kg). Collect serum before and 24h after administration. Collect urine by punctio vesicae 24h after 
administration. Measure serum and urine creatinine by QuantiChrom Creatinine Assay Kit. Measure serum and urine ion 
profile by Inductively Coupled Plasma Mass Spectrometry. The application for this study was approved by the Animal 
Protection and Use Committee of Fudan University and complied with the Nursing Guidelines issued by the National 
Academy of Sciences Press and the Laboratory Animal Use Specification (NIH Publication No. 85-23, revised 1996).  
Results: All ions (including B, Mg, K, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Sr, Zr, Mo, Cd, Cs, W, Re, Pb and 
U) altered greatly after contrast or saline administration, except 5 ions: Al, Ca, Rb, Ba and Ti, without significant 
difference. Before saline or iohexol administration, there was no significant difference in serum ion concentrations 
between two groups, except Ca (4.23±0.05 in NS vs. 4.27±0.03 in CM, p=0.04) and Cr (1.45±0.18 in NS vs. 1.65±0.25 in 
CM, p=0.04). After administration, the serum concentration of Cu, Zn and Se are significantly higher in NS group than 
CM group (3.33±0.06 vs. 3.24±0.07, p=0.01, 3.09±0.07 vs. 2.89±0.08, p<0.0001; 2.86±0.06 vs. 2.76±0.07, P=0.001). 
After administration of iohexol or saline, urine ion concentrations of B, Mg, K, Ca, Sr, Mo, Cd, W and Re were 
significantly lower in CM group than in NS group (p<0.05).  
Conclusion: Serum and urine ion profiles altered greatly after contrast agent administration. The differentially distributed 
ions might be critical to the research for featured biomarkers of contrast induced-acute kidney injury. 

Figure on following page 
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Acute Kidney Injury (AKI) incidence is increasing worldwide, ranging between 14.7-31.5% in hospitalized patients. 
Moreover, AKI leads to a worse outcome, frequent re-hospitalization and enhanced progression toward chronic kidney 
disease (CKD). Basing on these observations, the AKI Study Group of the Italian Society of Nephrology (SIN) designed a 
multicenter epidemiologic study in hospitalized patients with the aim to evaluate the effect of AKI on mortality, quality of 
life, readmission rate and progression toward CKD.  
We herein present the preliminary data of the study during a 12 months observation period in 2 hospitals in the Piedmont 
Region. We collected data from Board Hospital Discharge (BHD) and serum creatinine (sCr) from the Laboratory 
database. We performed AKI stratification according to KDIGO criteria and we evaluated outcome as primary end point.  
We observed that 17.35% of all hospital admissions were classified as AKI. We identified a total of 2310 AKI events: 
1355 admissions with AKI stage 1 (10.18%), 606 with AKI stage 2 (4.55%) and 349 with AKI stage 3 (2.62%). In-
hospital mortality in the non-AKI group was 3.56% in comparison to 10.63% in AKI stage 1, 20.13% in AKI stage 2 and 
24.36% in AKI stage 3. The mean maximal level of sCr in AKI stage 1 was 1.68 mg/dl, 2.28 mg/dl in AKI stage 2 and 
5.13 mg/dl in AKI stage 3, respectively. The re-hospitalization rate in AKI stage 3 was 1.15%, 2.31% for AKI stage 2 and 
4.26% for AKI stage 1. Of interest, AKI stage 3 was more frequent in General Medicine, Urology, ICU, Cardiology and 
Gastroenterology units. As expected, we observed the highest prevalence among older people (>70 years) even if we did 
not find a linear correlation between older age and more severe AKI stages.  
In conclusion this preliminary study showed that AKI during hospitalization leads to a worse outcome and to the 
development of co-morbidities potentially associated with a higher re-hospitalization rate and progression to CKD. In the 
next 3 years, the AKI study group of SIN plans to increase the cohort of AKI patients enrolled in the study across Italy 
and to create a biobank to study the epigenetic factors involved in AKI to CKD progression.  
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Timing from declaration of death according to neurologic criteria and organ recovery in the operating room: a 
new clinical variable affecting Delayed Graft Function (DGF) in kidney transplantation? 

Vincenzo Cantaluppi1, Gabriele Guglielmetti1, Carlo Olivieri1, Umberto Morosini1, Marita Marengo1, Francesco Della 
Corte1 

1University of Piemonte Orientale (UPO), Novara, ITALY 

 
Delayed Graft Function (DGF), a particular form of AKI commonly defined as the need for dialysis in the first week after 
kidney transplantation, is strongly associated with cold ischemia time (CIT), use of organs from Extended Criteria Donors 
(ECD) and it is responsible for increased rejection risk and premature kidney graft failure. Different novel strategies 
including ischemic preconditioning and stem cell therapy have been evaluated to decrease DGF incidence and duration. 
Recently, Niemann et al. showed that mild hypothermia after declaration of death according to neurologic criteria and 
before organ recovery in the operating room (DBD-OR time) significantly reduced DGF rate in kidney transplant 
recipients. The aim of the present study was to evaluate the potential role of DBD-OR duration in addition to CIT in the 
determination of DGF.  
For this purpose, we enrolled 741 transplants from DBD donors performed in our kidney transplantation center between 
2005-2016: we evaluated the association between DGF incidence and ECD, CIT or DBD-OR time. DGF incidence was 
24% in the whole kidney transplanted population: in particular, we observed an incidence of DGF of 26% in kidney 
transplants from ECD vs. 20% from standard criteria donors (SCD) (p=0.08). Kidney transplant recipients with DGF 
showed a median CIT of 21±6 hr vs. 19±8 hr in patients with immediate graft function (p=0.02). The development of 
DGF was an independent risk factor for the premature loss of kidney graft function. Of interest, the median DBD-OR time 
was 5±3hr and did not appear to be associated with a statistically significant increased risk of DGF.  
In conclusion, in our experience DBD-OR time did not influence DGF incidence after kidney transplantation. However, 
even though the observed DBD-OR time is increasing in the last years, it remains significantly shorter than that observed 
in the Niemann’s study (5 vs. 17 hr). The role of hypotermia and of other therapeutic strategies aimed to modulate the 
inflammatory response in DBD and to limit DGF after transplantation should be carefully evaluated in a cohort of donors 
with reduced CIT and DBD-OR times.  
 
Reference:  
Niemann CU, Feiner J, Swain S, et al.: Therapeutic hypothermia in deceased organ donors and kidney-graft function. N 
Engl J Med 2015; 373: 405–14.  
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TAKING FOCUS 2: Using Renal Angina Index, Urinary NGAL, and the Furosemide Stress Test to Direct 
Management of AKI in the Pediatric Intensive Care Unit 

Kelli A Krallman1, Jean-Philippe Roy1, Ranjit S Chima1, Alexandra Schmerge1, Bradley Gerhardt1, Lin Fei1, Stuart L 
Goldstein1 

1Cincinnati Children's Hospital Medical Center, Cincinnati, OH, USA 

 
Purpose: We are studying the feasibility and ability of a Renal Angina Index (RAI), urine NGAL (uNGAL), and 
furosemide stress test (FST) clinical decision support tool to identify patients (pts) who will develop severe acute kidney 
injury (sAKI; KDIGO Stage 2/3), fluid overload (FO) >10%, and need for renal replacement therapy (RRT) in the initial 
days after pediatric intensive care unit (PICU) admission. We also aim to standardize administration and interpretation of 
the pediatric FST.  
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Methods: All PICU admissions from July 1, 2018 through 2021 will be followed prospectively based on RAI, which is 
automatically calculated and resulted in our electronic health record. Pts with RAI≥8 (RAI+) will have a uNGAL ordered 
automatically, with a result ≥150ng/mL labelled NGAL+. For RAI+NGAL+ pts, we notify the clinical team of FST 
eligibility, a dose of 1mg/kg, or 1.5 mg/kg if the pt received furosemide <24 hours previously. If urine output increases 
≥1mL/kg/hr two hours after FST, the pt is termed “Rspdr” vs. “Non-Rspdr” with a lower increase. We track serum 
creatinine and FO for primary outcomes of sAKI on Day 2/3 and FO >10% through Day 7.  
 
Results: Data are available for 5 months of RAI+ and 1.5 months of RAI-. Excluding pts with baseline GFR 
<30mL/min/1.73m2, on chronic RRT, or discharged before Day 2, 245 RAIs are included: 193 RAI- and 52 RAI+ 
(21.2%). Four RAI- (2.1%) and 20 RAI+ (38.5%) developed sAKI. RAI alone had NPV 97.9% for sAKI (Table 1). Of the 
RAI+ sAKI, 14 were RAI+NGAL+ (70%), 4 were NGAL-, and 2 had no NGAL result. Adding uNGAL increased PPV 
and specificity (Table 1), with only a slight decrease in NPV. Of 34 RAI+NGAL+ and RAI+ no uNGAL pts, FST was 
administered to 10 (29.4%). One was a Non-Rspdr, although only 0.3 mg/kg was administered. This pt had AKI and 
required RRT. The other 9 were all Rspdr: 6 with sAKI any day and 3 with FO >10% any day. None of the Rspdr required 
RRT, and the 3 pts with >10% FO were fluid negative between the FST and Day 7.  
 
Conclusion: As an initial analysis, RAI-NGAL-FST appears to be a reliable screening and clinical decision support tool in 
directing management for AKI and FO in the PICU. In addition, the pediatric FST performs well in predicting the need 
for RRT. However, additional data from a longer time period is needed before reliable conclusions can be drawn.  

 

 RAI RAI & NGAL 
PPV 38.5% 53.8% 
NPV 97.9% 96.7% 
Sensitivity 83.3% 63.6% 
Specificity 85.5% 94.4% 
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Fluid overload (FO), defined as excess fluid accumulation, is prevalent and associated with increased morbidity and 
mortality in critically ill children. FO has primarily been reported using peak FO, with higher peak percentages associated 
with worse outcomes. Little has been reported regarding the relationship of FO and timing, specifically the timing of peak 
FO or how accumulation changes day to day. A recent multi-center study reported worse outcomes in adult patients with 
more time until the first day of negative fluid balance (NEGBAL). We hypothesized timing of peak FO and time to 
NEGBAL were associated with patient outcome.  
 
We performed a secondary analysis on a prospective, observational study of critically ill children. Patients were divided 
into EARLY [peak FO% in first 48 hours of intensive care unit (ICU)] and LATE (peak FO% > 48 hours) cohorts. Time 
until NEGBAL was assessed and patients were divided based on NEGBAL within Day 2 (NEGBALE) or after 
(NETBALL).  
 
177 patients were analyzed. EARLY (n = 97) and LATE patients (n=80) had similar demographics and severity of illness 
scores. FO% was not significantly different between the 2 groups at 48 hours. Patients in the LATE %FO (Table 1) did 
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worse. Longer time until NEGBAL was associated with longer length of stay (LOS) [NEGBALE vs. NEGBALL: hospital 
LOS:11 (7,26) vs.17 (10,35); p = 0.006 and ICU LOS: 4 (3,7) vs.7 (4,13); p = <0.001], and mechanical ventilation days [1 
(0,3) vs. 3 (1,7); p = <0.001].  
 
The kinetics of fluid accumulation are associated with outcome. Our preliminary data suggest continued accumulation of 
fluid after 48 hours and delay to NEGBAL are associated with worse patient outcome. In many critically ill patients, this 
timeframe lies outside of the resuscitation and stabilization phases of illness. Fluid needs of ICU patients change daily; as 
a modifiable patient “vital sign”, daily adjudication of fluid balance based on phase of illness may be an opportunity to 
improve patient outcome. Further studies are needed to confirm and broaden our initial findings.  

 

  EARLY vs LATE Peak Fluid Overload   
 Total (n = 177) EARLY (n= 97) LATE (n = 80) p-value 
PRISM III 7 (3-13) 7 (2-13) 8 (5-15) 0.134 
FO at 48 hours 10 (4-15) 9 (3-14) 10 (4-15) 0.781 
Median Peak FO 14 (8-21) 11 (6-17) 16 (10-25) <0.001 
MV days 2 (0-6) 1 (0-3) 3 (1-8) 0.002 
Mortality (%) 12 (7) 2 (2) 10 (13) X2 = 7.6, p = 0.006 
ICU LOS 5 (3-11) 4 (3-8) 8 (4-15) <0.001 
Hosp LOS 15 (8-30) 12 (8-24) 18 (10-38) 0.012 
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Amy R Entwistle1, Susan L Strum1, Anne Knecht1, Michael P Smith2, Mark D Starr3, Andrew B Nixon1, Viachaslau M 
Barodka4, Dan E Berkowitz4, Aliaksei Pustavoitau4, Mihai V Podgoreanu2 

1Sapere Bio, 2Department of Anesthesiology, Duke University, 3Department of Medicine, Duke University Medical 
Center, 4Department of Anesthesiology and Critical Care Medicine, Johns Hopkins University 

 
Each year over one million patients undergo cardiac revascularization procedures, including PCI and CABG. Adverse 
events such as acute kidney injury, stroke, and MI are common, clinically devastating, and costly. Quantifying an 
individual patient’s risk of adverse events will help guide many aspects of clinical care. Risk stratification prior to an 
intervention will allow clinicians to optimize pre- and intra-operative conditions, greatly expanding the window of 
opportunity to reduce the incidence and severity of adverse events, including AKI.  
 
Age is one of the best-known risk factors for developing adverse events; however, chronological age may not be an 
accurate predictor of physiologic reserve - an ultimate determinant of poor outcomes. Sapere Bio is developing risk 
prediction algorithms centered around measuring biomarkers of physiologic reserve. Our proof-of-concept data from 
prospective clinical studies in CABG and PCI are very compelling. The data demonstrate clinical utility of our novel 
markers of physiologic reserve to identify high-risk patients and therefore can serve as innovative decision-support tools 
to help physicians create personalized treatment plans, improve outcomes, and reduce adverse events. 
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Sub-clinical acute kidney injury detection using penKid®: A report from the FROG-ICU and AdrenOSS-1 cohorts 

Alexa Hollinger1, François Dépret1, Oliver Hartmann2, Joachim Struck2, Pierre-François Laterre1, Etienne Gayat1, 
Alexandre Mebazaa1 

1Saint Louis Lariboisière Hospitals & INI-CRCT network, 2sphingotec GmbH, Hennigsdorf, Germany  

 
Introduction: Plasma proenkephalin A 119-159 (penKid) is a filtration marker and has been proposed as a sensitive 
biomarker of glomerular function. As such it was found predictive for septic kidney events including acute kidney injury 
(AKI) in sepsis. In this ancillary study of the FROG-ICU and AdrenOSS-1 cohorts we evaluated the association between 
subclinical acute kidney injury (sub-AKI; defined by supra-normal penKid) and outcome.  
 
Methods: FROG-ICU was a European prospective, observational study of 2087 critically ill patients designed to 
investigate long-term mortality in patients with invasive mechanical ventilation and/or vasopressors or inotropes for more 
than 24 hours. AdrenOSS-1 was a European prospective, observational study with 583 sepsis and septic shock patients. 
sub-AKI was defined by an admission penKid concentration above the normal range (i.e. > 80 pmol/L) in patients without 
acute kidney injury (AKI). AKI was defined by the KDIGO (Kidney Disease: Improving Global Outcomes) criteria.  
 
Results: 2015 from the FROG cohort and all 583 patients from the AdrenOSS cohort were eligible for data analysis. 28-
day mortality was 22% in both cohorts. 8.6% and 9.4% of patients from the FROG and AdrenOSS cohorts had sub-AKI 
(11.5% and 17.5% of non-AKI; respectively). Median SOFA score was similar in non-AKI and sub-AKI patients in the 
FROG cohort, and slightly higher for sub-AKI in AdrenOSS-1 (6 vs 5 points, p=0.011). Compared to non-AKI patients, 
patients with sub-AKI were more likely to receive hemodynamic support (p<0.001). We found a significant stepwise 
increase of 28-day mortality risk from non-AKI (9.1%) to sub-AKI (20.5%) to AKI patients (34.9%) in the FROG cohort, 
and the AdrenOSS cohort (8.7%, 21.1% and 28.7%, respectively). In all patients, admission penKid concentration was 
associated with 28-day mortality: c index = 0.664 (p<0.001) for penKid and 0.618 (p<0.001) for creatinine in the FROG 
cohort and 0.661 (p<0.001) for penKid and 0.589 (p=0.006) for creatinine in the AdrenOSS cohort.  
 
Conclusion: Sub-AKI detected using admission penKid was associated with high cardiovascular failure and short-term 
mortality in critically ill patients. PenKid better predicted 28-day mortality risk than serum creatinine.  

 

69 

Gene Deletion of the Na-Glucose Cotransporter SGLT2 Does Not Affect Kidney Recovery in a Murine Model of 
Severe Acute Kidney Injury 

Josselin Nespoux1, Rohit Patel1, Winnie Huang1, Brent Freeman1, Volker Vallon1 

1Department of Medicine, University of California, San Diego & VA San Diego Healthcare System, San Diego, CA, 
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In normoglycemia, the renal Na-glucose cotransporter SGLT2 reabsorbs ~97% of filtered glucose in the early proximal 
tubule, while SGLT1 reabsorbs the remaining glucose in the downstream S3 segment. Pretreatment with an SGLT2 
inhibitor appeared protective at 24 hrs after ischemia-reperfusion (IR)-induced acute kidney injury (AKI) in mice (PLoS 
ONE 11(7):e0160478, 2016). Here we determined whether gene knockout of SGLT2 (KO) affects kidney injury or 
recovery following IR.  
 
Male KO and wild-type (WT) mice (C57BL/6J) underwent sham surgery (Sham) or IR (25 min of bilateral renal artery 
clamping) under ketamine/xylazine anesthesia, while body temperature was maintained at 36-37°C (n=7-15/group). Urine 
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and blood were collected at several time points. GFR was measured 14 days after IR by plasma elimination kinetics of 
FITC-sinistrin in conscious mice. Kidneys were harvested 23 days after IR for renal gene expression analysis by RT-
qPCR.  
 
On day 1, the IR injury-induced increase in urinary levels of the proximal tubule injury marker KIM-1 (related to 
creatinine) was modestly attenuated in KO-IR vs WT-IR (862±96 vs 1238±167 ng/mg, p=0.027). Plasma creatinine (by 
LC-MS-MS) increased to similar levels in KO-IR and WT-IR (1.96±0.19 vs 1.87±0.25 mg/dL, NS) vs Sham groups 
(0.14±0.01 vs 0.11±0.01 mg/dL, NS); fractional urinary glucose excretion (based on creatinine) increased from 27 to 62% 
in KO-IR and from 0.1 to 20% in WT-IR. IR reduced urine osmolality and increased plasma osmolality to a similar extent 
in KO-IR and WT-IR.  
 
On day 14, GFR was similarly reduced in KO-IR and WT-IR (2.4±0.2 vs 2.8±0.3 µL/min/g BW, NS) vs Sham groups 
(12.0±0.8 vs 11.9±0.9 µL/min/g BW, NS). On day 23, plasma creatinine (0.28±0.03 vs 0.32±0.03 mg/dL, NS) and plasma 
osmolality were partially restored in KO-IR and WT-IR, and urine osmolality and renal mRNA expression of Na-2Cl-K 
cotransporter NKCC2 were reduced at similar levels vs. Sham groups. Moreover, renal mRNA expression of markers of 
injury, fibrosis, inflammation and oxidative stress (KIM-1, type 1 collagen, TGFB1, MCP-1, NOX2) was significantly 
and similarly increased in KO-IR and WT-IR versus Sham groups.  
 
In conclusion, absence of SGLT2 did not significantly affect the initial impairment of kidney function or the subsequent 
partial kidney function recovery and the induced kidney injury and inflammation in a mouse model of IR-induced severe 
AKI.  
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associated acute kidney injury 
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Objective To analyze the association of vancomycin-associated acute kidney injury(AKI) with gene polymorphisms of 
organic cation transporters 2 (OCT2) A270S． Methods A total of 114 Han inpatients using vancomycin were selected． 
According to the occurrence of AKI，these patients were divided into AKI group (35 cases) and non-AKI group(79 
cases) . Peripheral venous blood of patients were collected. Polymerase chain reaction-restriction fragment length 
polymorphism were used to detect A270S gene polymorphisms. The susceptibility factors were investigated by Logistic 
regression analysis. Results A270S genotype distribution met Hardy-Weinberg balance (P ＞ 0.05) . There were 26 
patients (74.29%) with A270S (G/G) genotype，8 patients (22.89%) with A270S (G/T) genotype and 1 patients (2.82%) 
with A270S (T/T) genotype in AKI group. There were 72 patients (91.94%) with A270S (G/G) genotype，6 patients 
(7.59%) with A270S(G/T) genotype and 1 patients (0.47%) with A270S (T/T)  
genotype in non-AKI group. There was statistical significance in the distribution of A270S(G/G) and A270S (G/T) ，
A270S(T/T) genotype between 2 groups (all P ＜ 0.05) ． Logistic regression analysis showed that there was correlation 
of age，body mass index (BMI) and A270S genotype with AKI (all P ＜ 0.05). Conclusion Age，BMI and A270S 
genotype may be correlated with vancomycin-associated AKI． 

 

 

67



RRT TECHNIQUE CHARACTERISTICS 

 

71 

Switching to low dose of argatroban plus regional citrate anticoagulation in patients with previous short filter 
lifespan can greatly improve the CRRT circuit patency. 

chuan li1, Zhen Hu1, Yongchun Ge1, Xu He1, Shuhua Zhu1, Lei Zhou1, Bin Xu1, Dehua Gong1 

1National Clinical Research Center of Kidney Disease, Jinling Hospital，Nanjing University School of Medcine 

 
Background. For patients with short filter lifespan previously receiving Dalteparin plus regional citrate anticoagulation 
(RCA) in continuous renal replacement therapy (CRRT), an anticoagulation protocol as low dose of argatroban plus RCA 
was used and the efficacy was investigated.  
Method. From Sep 2015 to Aug 2018, 49 patients underwent switching of anticoagulation protocol during CRRT in the 
intensive care units of Jinling Hospital due to a filter lifespan<24hr.The previous protocol was Dalteparin 20-50 IU/kg 
infused at bolus and 2-5 IU/kg/h as maintenance, combined with RCA (13% trisodium citrate infused 50-60ml/h pre-
filter). After switching, Dalteparin in the protocol was replaced by argatroban (30-50µg/kg at bolus and 0.1-0.3µg/kg/min 
as maintenance); while the modality and dose of CRRT, type of filter and the protocol of RCA remained unchanged. The 
filter lifespan before and after switching was analyzed, as well as coagulation parameters.  
Results. The mean delivered dose of Dalteparin was 35.2±10.43 IU/kg at bolus and 3.3±0.89 IU/kg/h as maintenance; 
while the mean delivered dose of argatroban was 45.9±14.02µg/kg at bolus and 0.12±0.05µg/kg/min as maintenance. The 
filter lifespan was greatly prolonged after switching to argatroban plus RCA (median filter life: 14.0h before vs. 48.0h 
after, p＜0.001). After protocol switching, there was no significant change in coagulation status but a slight significant 
drop of white blood cell and platelet count was found. No major bleeding events were recorded through 72h after 
switching.  
Conclusion. Low dose of argatroban plus RCA may improve the patency of CRRT filter in patients resistant to Dalteparin 
plus RCA. 

 Before After Z P 

Serum creatinine(µmol/L) 186.0（39.5-1056） 147.9（49.2-1080） -4.25 0.000 

Urea(mmol/L) 10.0（2.7-51.3） 7.5（2.3-60.9） -6.24 0.215 

Total bilirubin(µmol/L) 18.2（3-268.1） 17.3（3.3-329.9） -0.09 0.930 

ALT(U/L) 22（1-962） 21（3-1858） -1.22 0.222 

AST(U/L) 29（4-284） 25（3-716） -2.39 0.019 

APTT（s） 52.23（23.4-156） 56.7（27.3-156.0） -1.65 0.100 

AT-Ⅲ（%） 61.2（24.9-91.2） 56.2（18-102） -0.20 0.984 

Fibrinogen（g/L） 3.85（0.89-9.17） 3.32（1.57-21.8） -0.97 0.331 

D-dimer（mg/L） 6.52（1.5-40） 6.57（2.1-34.2） -0.56 0.575 

Hemoglobin（g/L） 84（51-183） 83.0（62-143） -0.07 0.944 

White blood cell(×10^9/L) 12.4（5.6-39.1） 12.1（2.36-32.9） -1.04 0.299 

Platelet（×109/L） 133.0（42-454） 105（24-291） -2.17 0.030 

 

Figure on following page 
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Potassium Chloride Shortage and Compatibility of Alternative Potassium Salts Added to PrismaSATE Dialysate 
for Continuous Renal Replacement Therapy 

Linda Awdishu1, Huijing Wang1, Dave Huang1, Jeremiah Momper1, Dionicio Siegel1 

1University of California, San Diego Skaggs School of Pharmacy and Pharmaceutical Sciences 

 
Background: In the critically ill population receiving continuous renal replacement therapy, ongoing use results in 
electrolyte losses such as potassium and phosphorus necessitating the addition of electrolytes to the dialysate to customize 
the composition for the individual patient. A shortage of potassium chloride necessitates the use alternative potassium 
salts as dialysate additives. The purpose of this study is to evaluate the compatibility of alternative potassium sources, 
potassium phosphate or acetate when added to PrismaSATE dialysate.  
Methods: We performed two experiments to test compatibility varying the timing of the addition of the dialysate 
electrolyte solution to the bicarbonate buffer; either immediate or 12 hours after the addition of the additive. Potassium 
phosphate or potassium acetate was added in concentrations of 1, 2, 3 and 4 mEq/L of PrismaSATE dialysate. We tested 
the compatibility of the admixture at 0, 4, 8, 12 and 24 hours. Compatibility testing included visual inspection, light 
obscuration/turbidity measurements, and pH testing.  
Results: With all samples no particulate matter was observed by visual inspection. Combining the dialysate electrolyte 
solution with the bicarbonate buffer and then adding potassium phosphate 4mEq/L the pH was 7.09 and remained stable 
over the testing period. The turbidity measurements ranged 99.20-100.90 similar to the control supporting complete, 
consistent solubility. For the second experiment, the delayed addition of the bicarbonate solution to a mixture of the 
dialysate electrolyte solution and potassium source resulted in a decrease in pH of the starting solution. Turbidity 
measurements with this alternative addition sequence ranged from 94.47 to 99.53 for potassium phosphate and 95.70 to 
100.80 for potassium acetate across all time points and following the addition of the bicarbonate buffer at 12 hours.  
Conclusions: The addition of potassium phosphate or acetate to PrismaSATE was physically compatible without light 
protection for 24 hours.  
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Purpose: Fluid overload, a critical consequence of acute kidney injury (AKI), is associated with worsening outcomes. The 
optimal volume of fluid removed per day [calculated as the net ultrafiltration (UFNET)], during continuous renal 
replacement therapy (CRRT), is still the subject of controversy. We evaluated the impact of UFNET variability on 
mortality in critically ill patients with AKI receiving CRRT.  
Methods: We retrospectively reviewed 1,398 patients with AKI who received CRRT between Jan 1st, 2007 to Dec 31st, 
2014 at Mayo Clinic, Rochester, MN. The UFNET was categorized into low, moderate, and high intensity (≤ 20, 20-35, 
and > 35 ml/kg/day, respectively). The impact of different UFNET intensities on 30-day in-hospital mortality was 
assessed using proportional Cox regression after adjusting for age, sex, body mass index, fluid balance from ICU 
admission to CRRT initiation, APACHE III, SOFA score, baseline serum creatinine, ICU day of CRRT initiation, 
Charlson comorbidity index, and mechanical ventilation.  
Results: The mean age was 61.6±15 years, 571 (41%) were male. There were 457 patients (33%) in low, 437 (31%) in 
moderate and 504 (36%) in high intensity groups. Patient who received UFNET > 20-35 ml/kg/day (adjusted hazard ratio 
(AHR): 0.56; %95 CI: 0.47-0.68, p<0.0001) and UFNET > 35 ml/kg/day (AHR: 0.52; %95 CI: 0.44-0.63, p<0.0001) had 
a better 30-day survival.  
Conclusion: More intensive fluid removal (i.e., UFNET > 20 ml/kg/day) among AKI patients receiving CRRT is 
associated with a lower number of deaths.  
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Alternate Techniques for Mitigation of Blood Product Exposure in Patients Requiring Multiple Extracorporeal 
Therapies 
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Goldstein MD1 
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Purpose  
The safety and efficacy of delivering extracorporeal therapies such as Continuous Renal Replacement Therapy (CRRT) 
and Therapeutic Plasma Exchange (TPE) in pediatrics has improved with technologically advanced machines. However, 
available circuits present challenges for small children due to large extracorporeal volumes (ECV) necessitating a blood 
prime. This issue is magnified when patients require multiple therapies.  
 
Methods  
To mitigate blood exposure, the initial circuit is primed with PRBCs and subsequent circuits are primed from blood 
contained in preceding circuit. We describe two separate procedures.  
 
1.) TPE to CRRT: TPE complete- press “disconnect”, clamp and disconnect access/ return lines from patient, clamp 
replacement fluid lines and vent bag, press “unload”, connect TPE return line to a female adapter and connect CRRT 
access to open end, connect CRRT return line to empty waste bag, open TPE access roller clamp, unclamp TPE return line 
and CRRT access/ return lines, start CRRT at 50 mL/min to initiate prime, “stop” when complete  
 
2.) CRRT to TPE: Clamp and disconnect CRRT access and connect to saline bag, clamp and disconnect CRRT return line 
and connect to female adapter, clamp all CRRT fluid lines, press “Unload”, connect TPE access to open end of female 
adapter, connect TPE return line to waste bag, set AC ratio at 50:1 to achieve higher blood flow rate, start prime at 50 
mL/min, “stop” when complete  
 
Summary  
This in vitro trial was performed with the Spectra OptiaTM, using a plasma exchange set. CRRT via a Prismaflex TM, 
using a HF1000 filter. Plasma-Lyte TM was the priming solution in lieu of PRBCs. Unloading the circuit negates alarms 
that occur when two machines cause pressures changes in each other. Each procedure was completed in its entirety within 
5 minutes. Considerations include hematocrit and difference in ECVs. To prevent hemodilution when transitioning from a 
smaller to larger circuit, consider ordering additional PRBCs as split units to limit number of exposures if the ECV is 
>10% of the patient blood volume.  
 
Conclusion  
Although similar techniques have been described, previous procedures used identical machines. The above procedures 
were applied using membrane and centrifugal circuits, with different ECVs. Both procedures decrease blood exposure and 
potential patient sensitization, transfusion complications, membrane reactions, and improve efficiencies with decreased 
product preparation and wait times.  
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Influence of a change in the CRRT replenisher’s temperature and pump tube material on a change in the 
replenisher’s composition 

hiroshi TSUKAO1, atuya SATOU1, kouhei AIZAWA1, kousaku FUJIWARA1, takayasu OGAWA1, minoru HIROSE1 

1kitasato university school of allied health sciences 

 
Background:The CRRT replenisher is the replacement fluid/dialysate. But, as its composition changes over a long period, 
fine particles of calcium carbonate precipitate even in the circuit.This study aimed to examine the influence of changes in 
the replenisher’s temp and pump tube material on changes in the replenisher’s composition.Method:The circuit was 
connected to a reservoir bag equipped with a refill pump tube (Asahi Kasei Medical Corporation, Asahi) or a Tygon E 
Laboratory pump tube (SAINT-GOBAIN, Tygon). To these circuits, Sublood-BSG (Fuso,Ltd.) was filled. They were 
circulated at a temp of 22 ± 2 ° C. (low temp) or 26 ± 2 ° C. (high temp) for 36 hours. The measurement items are pCO2, 
pH, Ca2+, and a precipitation of fine particles.Results:The pCO2 significantly decreased over time in all combinations. 
Analysis of variance (ANOVA) showed a significant change in the replenisher’s temp and pump tube material after 6h 
because of a change in pCO2. In addition, Ca2+ significantly decreased over time in all combinations. Analysis of 
dispersion showed a significant change in the pump tube material after 33h of because of a change in Ca2+. Fine particles 
could be observed with Asahi but not with Tygon.Discussion:Fine particle precipitation due to a change in the 
replenisher’s composition causes the release of CO2 into the atmosphere and increases H+, pH, CO32−. It is believed that 
the increased CO32− and Ca2+ in the replenisher combine to form calcium carbonate. A change in pCO2 led to a 
significant change in the replenisher’s temp and pump tube material, probably because the replenisher’s temp increases 
and gas solubility decreases, quickly releasing CO2 into the atmosphere. In addition, the pump tube’s gas permeability 
varies depending on the material, whether it is Asahi or Tygon using polyvinyl chloride with a different type of 
plasticizer. Previous studies have shown that the negative part of the pressure waveform in the circuit because of a change 
in the pump tube material is about twice as large in Asahi compared to Tygon. This negative pressure in the circuit 
because of a change in the pump tube material is involved in fine particle precipitation that accompanies a decrease in 
Ca2+, and the influence of the replenisher’s temp is small.Conclusion:A change in the CRRT replenisher’s temp leads to a 
change in pCO2 in the replenisher but not to a change in Ca2+. The change in the pump tube material causes a change in 
pCO2, pH, and Ca2+.  
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Easy, simple, and effective pressure control by pinch valve in CRRT directly connected to ECMO 

Seulgi Shin1, Hak Soo Kim2, Hyang-Sook Park1, Jin Nam Park1, Hwa Ran Jun1, Eun Ok Kim1, Jai Won Chang2 

1Department of Nursing, Asan Medical Center, University of Ulsan College of Medicine, Seoul, South Korea, 2Division of 
Nephrology, Department of Internal Medicine, Asan Medical Center, University of Ulsan College of Medicine, Seoul, 
South Korea 

 
Background  
 
The simultaneous use of continuous renal replacement therapy (CRRT) and extracorporeal membrane oxygenation 
(ECMO) is increasing in the patients with acute kidney injury coexisting with respiratory or circulatory failure in intensive 
care unit. However, there are no recommended techniques to combine them. Pinch valve is suitable for handling flow 
capacity by throttling line without corrosion or contamination. Therefore, we investigated whether the external use of 
pinch valve on the blood lines of CRRT connected to ECMO is helpful to maintain the pressures of CRRT lines in the 
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acceptable pressure range without modifying ECMO settings or inhibiting pressure alarms of CRRT.  
 
Methods  
 
We conducted a prospective observational study in 14 patients (M:F=8:6, age median 50.5 (range 21~75) years, SOFA 
score 12 (4~16)) requiring CRRT (blood flow rate 150 ml/min) and ECMO (veno-arterial:veno-venous=12:2, FiO2 60 
(40~100) %, cardiac support 90 (70~125) % of normal cardiac index, blood flow rate 3.8 (2.9~5.0) L/min, sweep gas flow 
3.0 (1.0~5.0) L/min, between Aug and Oct 2018. The connections of CRRT to ECMO were performed 41 times. Inflow 
CRRT line is connected after the oxygenator and the outflow CRRT line, before the blood pump in the ECMO circuit. 
Pinch valve was externally used on inflow and outflow lines of CRRT.  
 
Results  
 
The initial blood flow rate of CRRT was 150 ml/min. Any reduction of blood flow in CRRT on ECMO was not necessary. 
Before the application of pinch valve, the pressures of CRRT were too high or too low to maintain CRRT directly 
connected to ECMO circuit. However, after the application of pinch valve, the pressures of CRRT were tolerable and 
significantly different (*p<0.05, **p<0.001) from those before the use of pinch valve. CRRT alarms disappeared owing to 
pinch valve. The changes of CRRT pressures were summarized in Table (Data were presented Mean ± SEM.). The 
median life span of CRRT filter was 63 (range 10~72) hours.  
 
Conclusion  
 
Management of line pressures in CRRT connected to ECMO could be easy, simple, and effective by the external 
application of pinch valve without inhibiting CRRT alarms.  

CRRT Pressures on 
ECMO (mmHg) 

Tolerable Range 
by company 

Before use of 
pinch valve 

After use of 
pinch valve 

After use of 
pinch valve 

After use of 
pinch valve 

After use of 
pinch valve 

   0 hour (n=41) 24 hours 
(n=32) 

48 hours 
(n=28) 

72 hours 
(n=19) 

Access -150 ~ -50 165 ± 15 51 ± 11**  40 ± 14** 58 ± 14** 52 ± 16** 
Filter +100 ~ +250 -11 ± 9 127 ± 5**  148 ± 6** 158 ± 8** 146 ± 9** 
Effluent -150 ~ +50 -96 ± 9 27 ± 5**  2 ± 5** -27 ± 10** -45 ± 17* 
Return +50 ~ +150 -62 ± 9 83 ± 4** 85 ± 9** 87 ± 5** 70 ± 8** 
Transmembrane ~ +450 47 ± 3 61 ± 3** 97 ± 5** 129 ± 10** 134 ± 17** 
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Comparing impact of Intermittent online hemodiafiltration versus Conventional hemodialysis, on bio-impedance 
parameters of inflammation and fluid overload, in patients with sepsis and AKI 

Krishan L Gupta1, Saurabh Nayak1, Raja Ramchandran1, Vivek Kumar1, Thakur sen1 

1Post graduate institute of medical education & research, Chandigarh, India 

 
INTRODUCTION: Overhydration may impose hazards in acute kidney injury patients with sepsis, in form of increased 
time on ventilator and/or delayed recovery from kidney injury. In the setting of sepsis accurate fluid assessment is always 
been a challenge. Bioimpedance has been well established in chronic kidney disease patients for dry weight assessment 
and assessment of inflammation. In this study we have randomized non critically ill AKI patients to receive Intermittent 
online hemodiafiltration and conventional intermittent hemodialysis and looked into bioimpedance analysis values before 
and after therapy to study the differential impact of mode of clearances on phase angle and other parameters used to assess 
inflammation.  
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METHODS: This pilot study was conducted in post graduate institute of medical education and research, Chandigarh, 
India between Sept 2017 to Sept 2018 in patients with AKI and sepsis requiring renal replacement therapy. Bioimpedance 
analysis using single frequency machine was performed as alternate day for first week, weekly once thereafter during 
hospital stay, at discharge and at 30th and 90th day after discharge.  
 
RESULTS: Mean age of cohort was 38.7 years, with male to female ratio being 2:1. 40 patients in each arm were enrolled 
with similar baseline characteristics. Indications for initiation of dialysis were persistent anuria (for >72 hours) in 30%, 
fluid overload and refractory acidemia in 20% and hyperkalemia and encephalopathy in 50%. Among BIA parameters 
phase angle, Body cell mass, Fat free mass were similar between groups at baseline. Mean change in Dry weight as 
measured by BIA was similar throughout. 28 days mortality was 12.5% for whole cohort, similar between the groups. 
Mean estimated Glomerular filtration rate at discharge (renal recovery) was 37.28 ml/min. At 90 days significant 
improvement in phase angle was noted, with no difference between the groups.  
 
CONCLUSION: Conduction of the trial at a larger scale is feasible in public sector. Primary as well as secondary 
outcomes were not found different between the two arms of the study. There was no difference in patient as well as renal 
survival among the arms. This result was similar to what has been observed in AKI patients with sepsis undergoing 
Continuous Renal Replacement Therapy using different modes of clearances. None of the group had any better 
improvement in bioimpedance markers of inflammation and fluid overload during hospitalization or after discharge. 
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Mathematical Models to Reduce Blood Donor Exposure by Optimizing Packed Red Blood Cells Use with Partial 
Blood Prime and Rinse Back 

Jean-Philippe Roy1, Stuart L Goldstein1 
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BACKGROUND: Extracorporeal therapies in children require a blood prime (BPr) when the extracorporeal volume 
(ECV) is above 10-15% of patient blood volume (BV) to prevent hemodynamic instability. Exposure to blood increases 
risk of allo-sensitization, a potential risk for transplantation in the future. To reduce blood donor exposures, we modeled 
how partial BPr and circuit rinse back (RB) would affect pt hematocrit (Hct) over time.  
METHOD: We extrapolated the recommendation to aim below 10% of hemodilution at initiation. Using standard PRBC 
Hct (60%) and the pt initial Hct, we estimated the dilutional Hct when a PRBC volume smaller than the ECV is used to 
prime. Using this prediction, the lowest volumes allowing dilution below 2.5% for treatments at higher risk and below 
10% for stable pt were selected. To prevent progressive loss of red cell mass through multiple treatments, we calculated 
the minimum amount of RB to keep treatments RBC neutral in multiple scenarios. We then chose an RB volume per 
circuit type that would reasonably cover most of them. We modeled the impact of successive treatments on the Hct over 
time.  
RESULTS: A single PRBC can be used for multiple BPr (range 3-12) depending on the ECV and the clinical scenario 
(see example). The difference between pt and circuit Hct had the highest impact on RB requirement, increasing in linearly 
to higher pt Hct and lower circuit Hct. For a specific ECV, using a fixed volume of partial RB in all modeled scenarios, 
covering most requirements, trended the projected pt Hct in an asymptotic relation after multiple treatments.  
CONCLUSION: Modeling how partial BPr and RB will impact hemodilution of pt, as well as the preservation of RBC 
mass, could help reduce the exposure to blood donors associated with BPr in children by partitioning a PRBC in an 
enhanced number of primes.  

Figure on following page 
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In-vitro Evaluation of Resistance and Warming Performance of the EnFlow Blood Warmer on a CRRT Circuit 

Jean-Philippe Roy1, James Reagor1, Tom Klein1, Jolyn Morgan1, Alisa Palazzolo1, Joseph Ratcliff1, Stuart Goldstein1 

1Cincinnati Children Hospital Medical Center, Cincinnati, OH, USA 

 
BACKGROUND: Circuits with lower extracorporeal volume (ECV) reduces the need for blood priming to prevent 
hemodynamic instability in children. We performed an in vitro study of the enFlow™ (Vyaire medical, Mettawa, IL) 
blood warmer to assess its warming performance and effect on circuit resistance at a high blood flow rate.  
METHOD: The enFlow™ was added in a CRRT circuit on the return line. A closed circuit was filled with expired packed 
red blood cells diluted to 40% Hct. Three probes were installed in the circuit to assess temperature pre- and post- each 
blood warmer (pre- and post-WT°), for the enFlow™ and the Prismaflo® II (Baxter, McGaw Park, IL). Return venous 
pressure (RVP) was measured at varying blood flow rates with and without the enFlow™. WT° were measured at each 
flow using warmers alone and combined. The blood was then replaced with crystalloid and WT° were measured using the 
enFlow™ with the post probe moved from 28 to 10 cm after the warmer. Each variable was recorded 8 times over 2 
minutes and expressed as mean and standard deviations.  
RESULTS: RVP was higher with the enFlow™ but was still within clinically usable range (127.5±4.6 mmHg vs 45.3±1.4 
mmHg at 200ml/min, p<0.05). The enFlow™ was able to achieve post-WT° between 34.1 and 35.2°C even at 200ml/min 
with blood, lower then what was reported with crystalloid, but still more effectively than the Prismaflo® II (p<0.05 vs 
enFlow™ post-WT°) achieving between 32.8 and 34.0°C. Combining both warmers achieved a higher post-WT°, between 
35.1 and 36.5°C. The enFlow™ with crystalloid showed similar post-WT° with a slight improvement when measured 10 
cm vs 28 cm (respectively between 35.2 and 37.6°C vs.34.7 and 37.0°C, p<0.05). (See Table 1)  
CONCLUSION: The enFlow™ can warm blood at high blood flow rates with minimal ECV increase (4-5 ml) and 
optimize hypothermia prevention. Clinicians should be mindful that it could create resistance issues with smaller catheters 
or partially dysfunctional ones if used at the highest flows.  
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The multiple arterial hole structure of vascular access hemodialysis catheters reduces the suction toward a vessel 
wall. 

Yoshimitsu Takahashi1, Suguru Yamamoto2, Junichiro Kazama3, Fujio Nakamura1, Ichiei Narita2, Takashi Oite1 

1Niigata university of health and welfare, Niigata, Japan, 2Niigata University Graduate School of Medical and Dental 
Sciences, Japan, 3Fukushima Medical University, Japan 

 
Background: Vascular access hemodialysis catheters are designed to overcome various challenges. However, suction 
toward the vessel wall by the catheter tip during treatment remains an issue that requires resolution. We have published 
reports demonstrating that rotating the catheter may successfully prevent vessel wall suction, depending on the rotation 
angle.  
The arterial hole of catheters causing suction toward vessel walls is one of the leading causes of catheter-related issues 
during continuous renal replacement therapy (CRRT). It is difficult to detect these issues by visualization during CRRT; 
therefore, it is challenging to assess its pathophysiological mechanism in vivo. In the present study, we constructed an ex 
vivo experimental system using the pig azygos vein (pig vein) to evaluate the function of catheters.  
 
Purpose: We aimed to investigate whether the structure of the aspiration holes at the catheter’s end affects suction toward 
the vessel wall.  
 
Methods: We established an ex vivo evaluation system to visually confirm the adhesion of the catheter to the vessel wall 
by suction and for quantifying the extent of the adhesion. Using this model, we evaluated five types of catheters (Power 
Trialysis®，Gam Cath®，Gentle CathTM，Twin End, and NiagaraTM Slim Cath® with suction openings. Catheters 
were connected to the blood circuit, and the blood pump flow rate was set at 100 mL/min considering the CRRT. The 
catheters were inserted into an extracted pig vein, which was approximately 10 mm in diameter and 200 mm in length. 
The pig vein, connected to the blood circuit, was filled with 50% glycerol solution, which was circulated at a flow rate of 
700 mL/min. Furthermore, the arterial hole of the catheter was positioned approximately 1 mm from the wall of the pig 
vein. When the hole of the catheter suctioned toward the vessel wall, we attempted to reduce the catheter suction toward 
the vessel wall by rotating it to the right direction. The results were measured by experiment in ten times.  
 
Results: The Power Trialysis®，Gam Cath®，and Gentle CathTM catheters showed improvement with a minimum 
rotation of 60°. The NiagaraTM Slim Cath® and Twin End catheters showed improvement with a minimum rotation of 
90° and 120°, respectively.  
 
Conclusions: Our results suggest that the structure of the catheter tip has a significant impact on the issue of suction 
toward the vessel wall, and careful designing of the tip could improve catheter performance.  
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Should We Consider Tunneled Hemodialysis Catheter as an Initial Vascular Access for Continuous Renal 
Replacement Therapy in Intensive Care Unit Patients? 

Da Won Kim1, Yaeni Kim1, Hye Eun Yoon1, Seok Joon Shin1, Hyung Wook Kim1, Dong Chan Jin1, Hoon Suk Park 1 

1Division of nephrology, Department of Internal medicine, The Catholic university of Korea, Seoul, Republic of Korea. 

 
Background: Non-tunneled hemodialysis (HD) catheter is established to be one of the efficient and safe means to provide 
life line for those who require emergent hemodialysis without developing infectious complications up to one month. 
However, recent trend favors using tunneled over non-tunneled HD catheters in those expected to receive renal 
replacement therapy (RRT) for more than one week. Nevertheless, it is difficult to keep up with current guidelines in 
intensive care unit (ICU) in that it is hard to predict RRT duration in ICU patients who have poor survival and unexpected 
outcomes. Therefore, we tried to validate current recommendation for catheter choice in ICU setting.  
Methods: Forty-five patients receiving continuous renal replacement therapy (CRRT) with tunneled HD catheter in ICU 
and 105 ESRD patients starting intermittent HD treatment with the same type of catheter were assigned to ICU and 
ordinary ESRD groups, respectively. Patient and tunneled catheter survivals, in addition to days of catheter stay (duration 
of catheter use) and immediate and long term complication rates were evaluated.  
Results: Immediate complication rates including exit site bleeding, bruise and hematoma was significantly higher in 
ordinary ESRD group (32.9 % vs. 8.1 %, p = 0.003). Long term complication rates including catheter dysfunction and 
catheter related infection were comparable between the two groups (5.4 % in ICU group vs. 12.7% in ordinary ESRD 
group, p = 0.33). While catheter stay was significantly shorter in ICU group (39 ± 53 days vs. 73 ± 50 days, p < 0.001), 
catheter survival itself were comparable between the two groups (p = 0.8). Patient survival in ICU group was significantly 
inferior, compared with ordinary ESRD group (p = 0.002).  
Conclusions: ICU patients with tunneled catheter inserted for CRRT showed poorer survival rate with shorter catheter 
stay when compared with ordinary ESRD group. However, catheter survival per se was not inferior and catheter insertion 
procedure was safely performed with lower rate of immediate complications. Therefore, considering shorter life span of 
both patients and of catheters in ICU setting, we suggest that a distinct guideline for catheter choice in this special setting 
need be devised.  
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Application Of Continuous Veno-Venous Hemofiltration On Treatment Of Bee Sting Complicated With Multiple 
Organ Dysfunction Syndrome 

Tien Nguyen Minh1, Thy Le Vu Phuong1 

1City Children's Hospital 

 
Objective  
Explore effectiveness of continuous renal replacement therapy (CRRT) on treatment of bee sting complicated with 
multiple organ dysfunction syndrome (MODS).  
Methods  
Retrospective descriptive study of cases series.  
Results  
From 2007 till 2016, 36 patients of bee sting complicated with MODS have been investigated level of proinflammatory 
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cytokines and given CVVH, average age of 6.4 years old, youngest of 18 months old. CVVH showed that improved organ 
impairment. Level of proinflammatory cytokines in blood such as TNFanph, IL1beta, IL6 have been rising at the 
beginning of CVVH and falling at 12, 24 hours. These inflammatory mediators have also been eliminated into effluent 
fluid. Outcome of treatment showed survival rate of 91.6%.  
Conclusion  
The study revealed the role of proinflammatory cytokines as a basis for CVVH on treatment of bee sting with 
complications of MODS, reducing mortality and saving many patients with bee sting with severe complications.  
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Acute Peritoneal Dialysis for AKI in Grenada: First Clinical Experiences 

Richard Amerling1, Neil Gerts1, Trina K Capelli1 
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Grenada is a small island republic in the Southeastern Caribbean. There is one private hemodialysis (HD) facility on the 
island, with limited capacity. Treatment of acute kidney injury (AKI), requires transport from the General Hospital to the 
dialysis unit via ambulance. We report the first two experiences with acute peritoneal dialysis (APD) in the Grenada 
General Hospital.  
A 60-year-old man, with known Chronic Kidney Disease 4 (CKD), presented to the Grenada General Hospital with 
altered mental status and intractable vomiting over 2 weeks following discharge from hospital for urinary infection.  
Labs revealed AKI, severe hyponatremia, hyperkalemia, and metabolic acidosis. Conservative management with IV fluids 
failed, as did an acute HD session, due to hemodynamic instability. A Tenckhoff catheter was placed in the operating 
room using a limited cutdown and modified Seldinger technique. Exchanges were started immediately postoperatively in 
the ICU. Exchanges were continued on a general medical floor by nursing staff, who were trained “on the job.” The 
patient improved clinically and chemically. After a month, the patient pulled out his catheter. Blood chemistries remained 
stable for about 2 weeks after this and it was felt he had returned to his baseline renal function, at which point he was sent 
home. He had one episode of peritonitis that was treated successfully with intraperitoneal antibiotics.  
The second patient developed AKI after being severely injured in a car crash. He received a total of 34 liters of dialysate 
over 3 days. Good metabolic control was achieved by day 3, with normalization of electrolytes and decreases in BUN and 
creatinine. He expired on day 3 with a dropping Hgb. Autopsy revealed extensive retroperitoneal hemorrhage.  

 

 
78



84 

Rhabdomyolysis and respiratory failure: rare presentation of polymyositis 

Hee Yeoun Kim1, Yong Ki Park1, Jin Ho Lee1, Dong Yeol Lee1, Yong Hun Sin1, Joong Kyung Kim1 

1Bong seng memorial hospital 

 
A 48 years-old woman with no medical history presented to the emergency department with 1 day history of muscular 
weakness, predominantly in both legs, with difficulty in walking. On physical examination, the patient had proximal leg 
weakness with a symmetrical power score of 4/5 bilaterally and normal knee and ankle reflexes. The rest of the 
examination was normal.  
The blood test showed that creatinine kinase-muscle/brain (CK-Mb)> 300 ng/mL, creatinine kinase (CK) 30574 IU/L, 
aspartate aminotransferase (AST)> 5618 U/L, alanine aminotransferase (ALT)> 1393 U/L, creatinine 0.6 mg/urea 16.3 
mg/dL, hemoglobin 15.0 g/dL, white blood cell count 10.9 × 10 -3, and C-reactive protein (CRP) 5.41 mg/dL. In addition, 
there were no specific problems in EKG, radiography, etc.  
We diagnosed the patient with unexplained rhabdomyolysis and performed central venous catheter insertion and fluid 
therapy (100cc/hr).  
The next day, the patient complained of severe breathing difficulties and lost consciousness. At the time, the respiratory 
rate was 44 breaths/min, and arterial blood gas values were pH 7.07, pCO2 117 mmHg, pO2 61.5mmHg, HCO3 28.1m 
Eq/L without parenchymal pulmonary abnormalities in chest radiograph. The blood test was CK-Mb> 300 ng/mL, CK 
889451 IU/L, AST> 7585 U/L, ALT> 2268 U/L, creatinine 0.8 mg/urea 21.5 mg/dL, hemoglobin 14.6 g/dL. Urine output 
was 30cc/hr for 6hours.  
The patient was immediately given mechanical ventilatory support, a fluids supply (200cc/hr), antibiotics (ceftriaxone 
2g/day). Echocardiography excluded cardiac and hepatic abnormalities.  
These clinical features had suggested an acute kidney injury and to remove potential drug or toxins, we performed CVVH.  
CVVH was continued for 23 days and mechanical ventilatory support for 12days (2 days continuous mandatory 
ventilation, 10 days with synchronized intermittent mandatory ventilation).  
High levels of CK-Mb 194 ng/ml, CK 3897 IU/L and AST / ALT 279/185 persisted in the 3-week CVVH treatment. We 
performed muscle biopsy to identify other muscle disorders. Histopathologic examination revealed myopathy with 
extensive myonecrosis. So we diagnosed polymyositis.  
As soon as the diagnosis was made, steroid therapy was started. (1mg/kg/day). There was no significant change in CK and 
CK-Mb level after one week of steroid treatment, but improvement in muscle strength and improvement in difficulty in 
breathing were observed.  
The patient was discharged two weeks after the steroid treatment.  
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Background: Continuous renal replacement therapy (CRRT) is the standard treatment for severe acute kidney injury 
(AKI) in critically ill patients. However, practical consensus for discontinuing CRRT is lacking. We investigated 
predictive factors for successful discontinuation of CRRT.  
 
Methods: Adult patients (18 years or older) who received CRRT at Samsung Medical Center from June 2007 to June 2017 
were included (n=4166). The exclusion criteria were: 1) patients with preexisting end stage renal disease (ESRD); 2) 
patients who progressed to ESRD within 1 year after CRRT discontinuation; 3) patients who died within 7 days of CRRT 
discontinuation. Successful CRRT discontinuation was defined as no further requirement of RRT within 7 days of CRRT 
discontinuation. Patients were divided into either the failure group or the success group. Clinical information including 
laboratory results were retrieved from the electronic medical records.  
 
Results: A total of 1158 patients were analyzed. Baseline comorbidities were comparable between the two groups. The 
duration of CRRT was longer in the failure group (p<0.001). Mean arterial pressure (MAP) on discontinuation day (D0) 
was lower in the success group (failure vs. success, 80.8±12.6 vs. 79.0±12.5 mmHg, p=0.010). Urine output on the day 
before discontinuation (D-1) (140 vs. 648 mL/day, p<0.001) and D0 (253 vs. 1298 mL/day, p<0.001) were greater in the 
success group. The proportion of patients who required vasopressors on D-1 (26.6% vs. 43.1%, p<0.001) and D0 (19.1% 
vs. 34.8%, p<0.001) were higher in the success group. Serum potassium on D0 was lower in the success group (4.02±0.45 
vs. 3.88±0.46 mmol/L, p<0.001). Urine output on D0 (odds ratio [OR], 1.621; 95% confidence interval [CI], 1.468 to 
1.789; p<0.0001), serum potassium on D0 (OR, 0.592; 95% CI, 0.732 to 0.809; p=0.001), difference in HCO3- between 
D0 and D-1 (OR, 1.070; 95% CI, 1.009 to 1.135; p=0.0231), MAP on D0 (OR, 0.980; 95%CI, 0.969 to 0.992; p=0.0007), 
and vasopressor use on D0 (OR, 2.306; 95% CI, 1.348 to 3.946; p=0.0023) were identified as significant predictors for 
successful discontinuation of CRRT in multivariable analysis.  
 
Conclusion: Greater urine output, maintenance of adequate blood pressure with vasopressors, and lower normal range of 
serum potassium on discontinuation day were identified as predictive factors for successful discontinuation of CRRT. 
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Purpose: The timing of renal replacement therapy (RRT) for acute kidney injury (AKI) usually relies on laboratory tests, 
urine output and clinician’s experience. It is uncertain which indicator could be used to decide the timing of RRT. The 
aim of this study is to explore the potential indicators for the initiation of RRT.  
Methods: The patients with AKI between January 2014 and August 2018 were involved in the retrospective cohort study 
and followed up to their discharge or death. The candidate indicators include serum creatinine, urea, urine output at RRT 
initiation, and the days between AKI occurrence and RRT initiation. The patients’ outcome was defined as death. Kaplan-
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Meier and Cox regression analysis are used to assess the asscoiation between potential indicators and outcomes.  
Results: During the study period, 79 patients with AKI were involved. Fifty-two patients died, 7 of the 27 survival 
patients remained dialysis. The serum urea at RRT initiation in survival group is significantly lower than that in death 
group (21.3±8.0 vs 32.7±15.6 mmol/L, P=0.001), while serum creatinine, urine output and the day between AKI 
occurrence and RRT initiation are not significantly different between the two groups. The cohort is divided into two 
groups by the median values of serum creatinine, urea, urine output and the days between AKI occurrence and RRT 
initiation, respectively. The survival difference is only found between lower and higher serum urea groups (≤ 25.8 vs 
>25.8 mmol/L, P=0.007). Receiver operating characteristic curve shows that serum urea 26.4mmol/L at RRT initiation is 
the cut off value for predicting patient’s outcome (sensitivity: 0.63, specificity: 0.82). In multivariable cox regression 
model, only serum urea at RRT initiation is independently associated with patients’ death (Hazard ratio: 1.03, 95% 
confidence interval: 1.01–1.05; P =0.04) after adjustment by age, sex and other potential indicators. When serum urea is 
used as a categorical variable and the first quartile as the reference, the third and the fourth quartile (urea >25.8mmol/L) 
have increased risk of death, with the significance in the fourth quartile (Hazard ratio: 3.75, 95% confidence interval: 
1.33–10.56; P =0.01, Table 1)  
Conclusions: Serum urea is an independent risk factor of AKI patients’ outcome and might be an indicator of RRT 
initiation. Serum urea > 25.8mmol/L may be a rational time for RRT. However, the result needs further investigation in a 
larger population.  

 Hazard ratio  95% confidence interval P value 
Age (years) 0.99  0.97-1.01  0.48  
Sex (female vs male)  1.23  0.65-2.32  0.52  
eGFR at RRT initiation (ml/min/1.73m2)  1.02  0.98-1.05  0.38  
Urine output at RRT initiation(L/day)  1.02  0.73-1.41  0.90  
Days between AKI occurrence and RRT initiation (days) 0.95  0.89-1.02 0.16  
Serum urea at RRT initiation(mmol/L)    0.01  
≤18.2 Reference    
18.3-25.8  0.89  0.30-2.67 0.84  
25.9-36.5  2.06  0.75-5.64  0.16  
>36.5 3.75 1.33-10.56 0.01 
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Prediction of Post-filter Ionized Calcium 

Innas Forsal1, Anders Nilsson1, Christian Vartia1, Jonas Alson1, Viktoria Hancock1, Anders Wieslander1, Marcus 
Broman2 

1Baxter, 2Adult mixed Intensive Care Unit at the Skåne University Hospital in Lund, Sweden 
Background/Aims: Regional citrate anticoagulation (RCA) is increasingly used in the extracorporeal blood circuit during 
continuous renal replacement therapy (CRRT). To control the efficiency of the anticoagulation and to secure that the 
patient is not at risk for hypocalcemia, post-filter ionized calcium (iCa) is measured frequently using blood gas analyzers 
(BGA). To replace the manual sampling and measuring of iCa we developed three different algorithms for calculation of 
post-filter iCa. All three algorithms used data from the Prismaflex dialysis machine. The first algorithm used patient data 
from the BGA (iCa, pH etc.), the second used patient data from the laboratory (systemic total calcium), and the third 
included modeled citrate concentration on top of patient data. We compared the predicted post-filter iCa concentration 
derived from these three algorithms to the measured values from the BGA.  
 
Methods: Data was retrospectively collected from the Adult mixed Intensive Care Unit at the Skåne University Hospital in 
Lund, Sweden. Clinical and machine parameters were collected from the electronic medical record between 2010-2017. 
The local Ethics Committee approved the study.  
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Results: For the third algorithm, that modeled citrate concentration, the average difference between the predicted and 
measured values of post-filter iCa concentration was -0.013 mmol/l with a standard deviation of 0.019 mmol/l. For the 
first algorithm using only patient data from the BGA and for the second algorithm that used data from the laboratory, the 
average difference between predicted and measured values of post-filter iCa concentration was in the range -0.1 to 0.075 
mmol/l. The average difference between the predicted and measured values of post-filter iCa concentration calculated 
with the second algorithm and the first algorithm was in the range -0.002 to 0.008 mmol/l.  
 
Conclusion: The third algorithm which modeled systemic concentration of citrate provided post-filter iCa concentration 
values closest to those from the BGA. The difference between predicted and measured values was low and interestingly 
lower than those of the standard deviation of a BGA. The third algorithm shows great potential in replacing the BGA 
measurement, thereby leading to reduced workload by significantly reducing the number of blood samples needed, 
including a safer treatment for the patient due to more frequent (even continuous) monitoring of post-filter iCa. 
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Single Pass Albumin Dialysis (SPAD) In A Two-Month Patient With Hyperbilirubinemia. Experience In A 
Reference Hospital Of Mexico 

Mario E Alamilla-Sanchez1, Diana Maldonado-Tapia1, Monica López-Mendoza1, Daniel Ovando-Morga1 

1Centro Médico Nacional "20 de Noviembre", ISSSTE, CDMX, Mexico 

 
Background.  
The aim of extracorporeal albumin dialysis (ECAD) is to reduce endogenous toxins accumulating in liver failure. To date, 
ECAD is conducted mainly with the Molecular Adsorbents Recirculating System (MARS). However, single-pass albumin 
dialysis (SPAD) has been proposed as an alternative, which can be added on the Prismaflex.  
 
Methods.  
We describe our first experience with this extracorporeal technique in a two-month patient with acute kidney injury and 
liver failure due to an inborn error of metabolism.  
 
Report of a case.  
It was a two-month-old male patient who was in the pediatric intensive care unit with the following diagnoses: acute 
kidney injury, fluid overload, cardiac arrest, left parieto-occipital ischemia, nosocomial pneumonia, in the context of a 
Inborn error of metabolism. The patient had criteria for the initiation of continuous renal replacement therapy (continuous 
venovenous hemodiafiltration) due to volume overload and elevated anion GAP metabolic acidosis. It presented an 
unfavorable evolution, with an increase in the levels of total bilirubin (22.5 mg / dl), direct bilirubin (19.5 mg / dl) and 
hepatic failure. It was decided to grant a SPAD session, which lasted 24 hours, presenting a total bilirubin reduction to 
12.9 mg / dL (57% of the initial value). For the compromised hemodynamic state requiring high doses of vasopressor 
agents and sepsis due to S. aureus, the patient had cardiac arrest and died. Autopsy revealed acute tubular necrosis in the 
kidneys and progressive sclerosing cholangitis and cholestatic hepatitis in the liver.  
 
Conclusion.  
To our knowledge, this is the first report with this extracorporeal technique in a pediatric patient (< 6 month) in Mexico. 
Unfortunately, the patient outcome was not favorable and he died due to S. aureus sepsis and multiorgan dysfunction 
syndrome. This experience is useful to stimulate new advances in patients with acute kidney injury and 
hyperbilirrubinemia secondary to liver failure. 

Table  on following page 
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Variable Patient 
Age 2 months 
Gender Male 
Diagnosis Inborn error of metabolism 
CRRT prior to SPAD Yes 
Indication CVVHDF Fluid overload. Metabolic acidosis 
Creatinine pre-CVVHDF 1.0 mg/dL 
Creatinine post-CVVHDF 0.35 mg/dL 
Total bilirubin on admission 10.5 mg/dL 
Total bilirubin prior to SPAD 22.5 mg/dL 
Total bilirubin post SPAD 12.9 mg/dL 
Hours on SPAD 24 
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Critical Care Nephrology Nursing Management of Microbubble Formation and Aggregation from CRRT 
Solutions to Prevent Premature Filter Clotting due to Air in Blood Interface in HF-1000 Dialyzers 

Anthony G de Jesus1, Severina T de Guzman1, Ayse A Arikan1, Jennifer L Morris1 

1Texas Children's Hospital 

 
Microbubble formation and aggregation (off-gassing) of Prismasol and Prismasate solutions in CRRT bags are an 
observed occurrence on CRRT patients with Baxter ICON Clinical CRRT experts identifying this phenomena as 
dependent on bubbles (fizz) forming on the surface of the Prismasol and Prismasate bags when solutions are in a warm 
environment or exposed to a warmer. However, two cases of such phenomena were observed on low-flow pre-blood 
pump ( PBP ) 150 to 250 ml/hr), slow-flow dialysate (300 to 400 ml/hr) CRRT patient and low-flow replacement (50 
ml/hr) on two pediatric patients, ages 14 months and 3 years old, at Texas Children’s Hospital PICU. The patients’ room 
temperatures were at 73 degrees F and absence of CRRT solutions’ warmer.  
Formed and aggregated bubbles are an insignificant occurrence unless the microbubbles are on the Prismasol flow port 
(“pig-tail”) where microbubbles form over a period of 3 to 4 hours then aggregate in the pig-tail port which is pulled into 
their respective lines by negative pressure flow created by the roller pumps, ie. PBP, dialysate or replacement line which 
triggers an intermittent flow alarm of effluent and/or replacement. Microbubbles which migrate into the PBP line and 
circuit blood pump will pass through the microtubules of the dialyzer to then either flow into the return chamber or lodge 
into the dialyzer. However, due to the circuit bend distal from the dialyzer header before the return chamber, trapping of 
the microbubbles will occur in the dome of the dialyzer (header). Coagulopathic patients requiring pro-clotting agents 
predispose the CRRT filter to clot due to trapped microbubbles (air and blood interface) within the dialyzer.  
The vigilance of Renal Dialysis and Critical Care nurses in addressing this predictable and periodic bubble formation, 
aggregation and trapping can be mitigated by: 1) Pressing change bag option to prevent scale alarms during, 2) flicking or 
tapping of the Prismasol/Prismasate pigtail to release the microbubbles into the Prismasol bag so that the bubbles are 
dislodged from the pigtail. Clearing the pigtail of microbubbles prevent air in blood interface from the pull of the negative 
pressure flow created by the CRRT pumps. Periodic rounding by dialysis nurses and monitoring by critical care nurses 
should be included in CRRT maintenance in low-flow and/or slow-flow patients to prevent CRRT filter clotting which 
shortens CRRT filter life due to trapped microbubbles.  

Figure on following page 
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A Novel Hemodialysis System, Deployed for PIRRT, Provides Volume Management at Lower Cost than CRRT 

Sevag Demirjian1, Matthew Layne1, Glenn Chertow2, Luis Alvarez3 

1Cleveland Clinic, 2Stanford University, 3Palo Alto Medical Foundation 

 
Background: Prevalence of AKI requiring renal replacement therapy has increased over time. Care of this patient 
population is challenging to health care systems (HCS) both in costs and logistics, including nursing shortages, straining 
abilities to provide effective dialysis in the ICU.  
 
Methods: As part of a QAPI project, we piloted the use of a novel, hemodialysis system (Tablo® X) in 31 patients 
deemed ready to transition off CRRT, but who remained clinically volume overloaded. As a transitional modality, Tablo 
X was used daily in 59 treatments ranging from 4-12 hours using a QB between 200-300 ml/min and QD between 100-
300 ml/min while recording staffing and supply costs.  
 
Results: All 59 treatments were tailored to the specific patient need and resulted in desired fluid management with an 
average of 1L removed per session. These results and the cost of supplies and labor for PIRRT using Tablo, CRRT, and 
IHD are presented in Table 1.  
 
Table 1: Cost comparison and clinical outcomes for patients treated on Tablo.  
*Total cost = supply costs (tubing, filters, solutions for 6 L/hr over 6hr tx) + staff costs (2:1 nurse/IHD pt ratio)  
 
Conclusions: At the Cleveland Clinic, we demonstrated that Tablo can offer clinically effective transitional hemodialysis 
in a critically ill cohort, reducing overall daily costs. These data suggest that Tablo could provide increased functionality 
and flexibility for staff constrained ICUs while achieving diverse clinical goals.  

Table on following page 
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Demographics  
# patients (male/female) 31 (18/13) 
mean weight (kg) 64 
Treatment Data  
# treatments 59 
Avg Treatment Time (hr, range) 6 (4-12) 
Avg Blood Flow (ml/min, range) 251 (200-300) 
Avg Dialysate Flow (ml/min, range) 295 (100-300) 
Avg Total Fluid Removed (L, range) 1 (0-3) 
Costs  
PIRRT Total Cost* Per Day (Tablo) $128 
PIRRT Total Cost* Per Day (CRRT) $367 
PIRRT Total Cost* Per Day (IHD) $168 
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Efficacy of Early Goal-directed Renal Replacement Therapy for the Treatment of Acute Kidney Injury after Heart 
Transplantation 

bo shen1, jiarui xu1, jiawei yu1, wuhua jiang1, yimei wang1, guowei tu1, zhe luo1, chunsheng wang1, jie teng1, xiaoqiang 
ding1 

1Dept. of Nephrology, Zhongshan Hospital 

 
Background Acute kidney injury (AKI) after heart transplantation is a common and serious complication. We aim to 
evaluate the efficacy of early goal-directed renal replacement therapy (GDRRT) for the treatment of AKI after heart 
transplantation.  
 
Methods This is a retrospective, observational study which analysed heart transplantation recipients with postoperative 
AKI and received GDRRT in our center from June 2008 to June 2016. Patients were divided into late GDRRT group 
(LGDRRT, June 2008-December 2010) and early GDRRT group (EGDRRT, January 2011-June 2016).  
 
Results There were 24 patients in LGDRRT group and 36 in EGDRRT group. Duration between surgery to RRT initiation 
in EGDRRT group was significantly shorter than in LGDRRT group (1[1, 3] vs. 2[2, 3] d, P=0.030). There was no 
significant difference of in-hospital mortality between EGDRRT group and LGDRRT group (58.3% vs. 66.7%，
P=0.515). Length of ICU stay and length of hospital stay in EGDRRT group was significantly shorter than in LGDRRT 
group (26±18 vs. 38±21d，P=0.026；39±29 vs. 63±44d，P=0.021). Completely renal recovery rate was much higher 
than in EGDRRT group than in LGDRRT group (47% vs. 21%). Cost of RRT in EGDRRT group was significantly lower 
than in LGDRRT group (3.8±0.7 vs. 4.3±0.8 million yuan，P=0.013).  
 
Conclusion For heart transplantation recipients with AKI, EGDRRT can reduce the length of ICU stay and hospital stay, 
improve the completely renal recovery rate as well as reduce the cost of RRT. However, it did not affect the all-cause of 
in-hospital mortality.  

 

 

85



NEW TECHNOLOGY 

 

92 

Reduction of Modeled Healthcare Utilization and Costs through Early Detection of Acute Kidney Injury 

Louise O Zimmer1, Mauricio Berdugo1, Michael N Stone2, Ross Dember2, Noam Y Kirson2, Seth Toback1 

1bioMérieux Inc., Durham, NC, 2Analysis Group, Inc., Boston, MA 

 
[TIMP-2/IGFBP-7] NephroCheck (NC) is a novel biomarker-based, FDA-cleared, urine test to aid in assessing risk of 
moderate or severe acute kidney injury (AKI) in ICU patients. NC can identify AKI earlier than the existing standard of 
care (SOC) assessments and thus has the potential to decrease healthcare utilization and reduce costs.  
 
An Excel-based economic model (2017 USD) using peer-reviewed data was developed and applied to 3 hypothetical 
hospitals (A, B and C) with varied payer mixes (public [Medicare/Medicaid], private, no insurance) and test utilization 
rates of NC for at-risk patients. Hospital A had 50% of patients with public insurance; 40% private and 10% uninsured. 
Hospital B had 75% of patients with public insurance; 10% private; and 15% uninsured. Hospital C had 35% publicly 
insured; 60% private and 5% uninsured. Hospitals A, B and C had test usage rates of 50%, 35% and 65%, respectively. 
We assumed only private insurance would reimburse hospitals for care given in addition to an AKI treatment bundle. The 
model estimated the impact of evaluating patients for AKI using SOC versus SOC plus NC. Outcomes included lengths of 
ICU and non-ICU inpatient stays, net impact on hospital budget and per tested patient (PTP) net savings. Model inputs 
included literature-based estimates for diagnostic efficacy of NC plus SOC and for healthcare resource utilization, as well 
as data on file for costs associated with NC testing.  
 
Based on test utilization rates, the number of at-risk patients tested at these hospitals would be 500, 350, 650, respectively. 
Adding NC to SOC would result in 170, 178, and 147 fewer non-ICU inpatient days and 91, 96 and 79 fewer ICU days to 
hospitals A, B and C, respectively. The incremental cost of using NC is more than offset by healthcare utilization 
reductions, resulting in annual net savings from uncompensated care of $789,104, $872,985, and $627,924 and PTP net 
savings of $1,578; $2,494 and $966 at hospitals A, B and C, respectively.  
 
This model demonstrates that the addition of NC to SOC for the earlier identification of AKI risk is likely to result in 
reductions in inpatient non-ICU and ICU lengths of stay and total healthcare costs in economically diverse hospitals. 
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Outside-in Hemofiltration/Hemodialysis for Prolonged Filter Life 

Thomas D Kelly1, Dimitrios Stamatialis2, Mohamed Labib3 

1Medcatalyst Consulting LLC, 2University of Twente, 3Novaflux, Inc. 

 
Long set life is desirable in Continuous Renal Replacement Therapy (CRRT), but patency is limited by thrombosis 
formation leading to filter loss. Much effort has been spent to discover techniques to improve set life without systemic 
anticoagulation e.g. citrate, but these techniques add complexity, cost and risk. To assess whether flow configuration has 
an impact on filter life, we evaluated standard filters vs a novel Outside-In Filter (OIF) flow structure. In standard filters 
(hemofilter/dialyzer) blood flows in the intraluminal (IL) space. Formation of a single thrombus will block an entire fiber. 
Thus, multiple thrombi cause loss of surface area, increased axial pressure, and eventual blockage of the filter. In the OIF 
approach, blood flows in the inter-fiber (IF) space and dialysate/filtrate flows in the IL space. Although thrombi form at 
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the same rate as in the standard flows, thrombus have a minimal effect on the blood flow, diffusive clearance, or filtrate 
flux in OIF due to dynamic three-dimensional interconnected flow channels created in the IF space. In-vitro data from our 
tests show OIF increases filter life to over 100 h vs ~24 h with standard filter flow.  
 
When the flow through traditional filters is reversed for OIF, some clots may form in the entrance zone of the filter due to 
non-uniform flow and uneven inlet velocity. Further study with OIF flow has shown that thrombus formation can be 
prevented with blood inlet design features that improve the blood transition into the filter. To enhance flow, the blood 
inlet design is modified to include larger flow voids and fiber fanning, thus providing steady blood velocity and uniform 
flow distribution.  
 
Clot formation in OIF is exacerbated with the use of asymmetrical membranes optimized for IL blood flow, characterized 
by smooth IL surfaces and rough IF surfaces. We are working to develop the ideal OIF membrane, which requires a thin 
tight smooth outer skin with a fully hydrated hydrophilic layer, so it will not damage blood cells during flow. The degree 
of hydrophilicity of the membrane is being appraised to determine if solution can pass through to the inter fiber space 
when the intraluminal space is primed with physiological solution without requiring the outer membrane surface to be 
wetted, this would reduce cost for priming chronic hemodialysis treatments. Early results demonstrate the potential 
advantages of using outside-in filtration for long-term renal replacement therapy.  
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Efficacy of Polymyxin B Hemoperfusion in Reducing Mortality for Patients with Sepsis, Severe Sepsis and Septic 
Shock: A Meta-analysis 

Richard Thomas P Lim1, Eric Chua1, Marichel O Pile-Coronel1 

1National Kidney and Transplant Institute 

 
Objectives  
This study aims to determine the efficacy of direct hemoperfusion using Polymyxin B-immobilized fiber (PMX-DHP) in 
decreasing mortality among adult patients with sepsis, severe sepsis or septic shock compared to conventional therapy, 
and to assess its safety by determining the number of adverse events related to its use.  
 
Methods  
Randomized controlled trials comparing direct hemoperfusion using Polymyxin B-immobilized fiber versus conventional 
therapy for adult patients with sepsis, severe sepsis and septic shock were searched for in PubMed, Cochrane and 
clinicaltrials.gov. Primary outcome measured was 28-day mortality, while secondary outcome measured was the number 
of adverse events.  
 
Results  
Nine trials (1,015 patients) proved eligible for this review. Pooled risk ratios (RR) for 28-day mortality associated with 
PMX-DHP was 0.69 (95% Confidence interval (CI) = 0.49 – 0.96, I2=71%). Only 6 out of the 9 studies reported adverse 
events. The investigators were not able to aggregate the number of adverse events across different studies because of non-
uniformity in the reporting of this outcome.  
 
 
Conclusion  
There is a statistically significant reduction in mortality in using PMX-DHP compared to conventional therapy alone 
among patients with sepsis, severe sepsis, and septic shock.  
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Clearance Measurement in CRRT Using Transdermal Fluorescence Detection and Correlation to Antibiotic 
Pharmacokinetics: In Vivo Results 

Richard B Dorshow1, James R Johnson1, Jeng-Jong Shieh1, I. Rochelle Riley1, Thomas E Rogers1, Stuart L Goldstein2, H. 
David Humes3, Christopher J Pino3, Thomas D Nolin4 

1MediBeacon Inc., 2Cincinnati Children's Hospital, 3Innovative BioTherapies, 4University of Pittsburgh 

 
Background / Purpose:  
Patients undergoing CRRT often have multiple medical conditions, both chronic and acute, requiring different types of 
treatment, and are receiving many different drugs. CRRT is a filtering system known to remove some drugs from the 
bloodstream. Only rough estimates are possible to determine how much of a specific drug is removed during CRRT in 
order to determine if additional doses or a different dosing prescription of the drug are necessary. Thus, there is a need to 
determine the rate in which different drugs are removed from the bloodstream of a patient undergoing CRRT in order to 
improve or adjust the dosing prescription for that drug. Because patients are often receiving multiple different drugs, there 
is a need to determine the rate of clearance of each drug individually in a single test rather than performing a different test 
for each drug. Hence we employed the MediBeacon Transdermal GFR Measurement System, with MB-102 as the 
fluorescent tracer agent, to assess real-time CRRT clearance and the correlation of MB-102 with the antibiotic 
meropenem.  
 
Methods: The clearance of fluorescent tracer agent MB-102 was followed in an anesthetized nephrectomized pig using 
both CVVH and CVVHD procedures. Two different blood pump flow rates, low (LBF) and high (HBF), and two different 
effluent rates were used with each CRRT modality. Continuous measurement of transdermal fluorescence from the pig 
was complemented by plasma determinations pre and post CRRT filter of MB-102 tracer agent plasma concentration, 
BUN, and serum creatinine at several time points during each procedure. The antibiotic meropenem was administered to 
the pig prior to commencement of either CRRT procedure, and meropenem plasma concentrations at several time points 
were also obtained.  
 
Summary of Results: The time dependence of the transdermal MB-102 fluorescence was highly correlated with the MB-
102 plasma pharmacokinetics as expected. The correlation between MB-102 plasma concentration and the meropenem 
concentration was greater than r-squared ~ 0.95 for all the variations of CRRT and blood and effluent flow rates.  
 
Conclusion: The feasibility of correlating MB-102 clearance measured using transdermal fluorescence detection with the 
clearance of an antibiotic such as meropenem is demonstrated in CRRT procedures. Correlations with other medically 
important antibiotics and other drugs will be the subject of future work.  
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Volume Management Accuracy in a New Hemodialysis System Using a Flow Balancing Technique 

Gopi Lingam1, Michael Aragon1 

1Outset Medical 

 
Background  
Fluid overload is associated with an increased risk for 90 day mortality in critically ill patients with renal replacement 
therapy. Continuous renal replacement therapy (CRRT) techniques provide a unique set of tools for fluid management that 
can be customized for individual patients. Knowing the fluid removal accuracy of hemodialysis machines over long 
treatment periods is necessary when deciding what tool to use.  
The purpose of this study is to show that a flow balancing technique using two volumetric delivery pumps employed by 
the Tablo Hemodialysis System provides accurate fluid removal in 12 hour treatments.  
Methods  
Bench testing was performed using six Tablo systems under two conditions which varied four parameters considered to 
impact fluid removal accuracy: dialysate flow rate (QD) (100, 300 ml/min), blood flow rate (QB) (150, 250 ml/min), fluid 
removal rate (1.3, 1.95 L/hr) and venous pressure (50, 250 mmHg). A total of eighteen 12 hour treatments were run with a 
simulated patient setup. The fluid removed was weighed and compared against the prescribed amount. The experiments 
were conducted to understand the Tablo system fluid management performance under two clinical conditions that are 
technically difficult to achieve.  
1. (6 treatments) fluid removal target 1.95 L/hr at 150 ml/min QB, 50 mmHg venous pressure, and 100 ml/min QD.  
a. Lower QB challenges the second pump to pull fluid from the patient side  
b. Lower venous pressure can minimize the movement of fluid across the membrane  
c. Slower QD makes it more difficult to remove large amounts of fluid  
2. (12 treatments) fluid removal target 1.3 L/hr at 250 ml/min QB, 250 mmHg venous pressure, and the 300 ml/min QD.  
a. Higher QB results in more fluid on the blood side challenging the second pump to not pull more fluid out  
b. Higher venous pressure can aid fluid movement across the membrane  
c. Faster QD results in more pump rotations leading to a greater system error  
Results  
Figure 1 shows the difference in actual fluid removed from prescribed fluid goal across 18 treatments under the two 
conditions described above. The data suggests that Tablo’s accuracy is between +8 to -48 ml/hr.  
 
Conclusion  
The Tablo Hemodialysis system manages fluid removal by using a two-pump flow balancing technique. This study 
confirms that the fluid removal accuracy of Tablo is between +8-48 ml/hr during 12 hr treatments and could be an 
effective tool for managing critically ill patients in ICU.  

Figure on following page 
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Impact of Slow Continuous Ultrafiltration Therapy on Serum Sodium Level in Patients with Acute Decompensated 
Heart Failure 

Abhilash Koratala1, Harini Bejjanki1, Amir Kazory1 

1University of Florida 

 
Background: Slow continuous ultrafiltration (SCUF) therapy has emerged as a therapeutic option for patients with acute 
decompensated heart failure (ADHF) and fluid overload. Since the extracted fluid in SCUF is isotonic, it is not expected 
to change serum sodium levels. However, recent ad-hoc analyses have suggested higher rates of hyponatremia with SCUF 
compared to medical therapy. In this study, we explored the currently available data on the impact of SCUF on serum 
sodium levels in patients with ADHF.  
 
Methods: Articles cited in PubMed database from January 2000 to August 2018 were searched using key words 
“ultrafiltration” and “heart failure”. Those clinical studies that addressed the role of SCUF in the ADHF population and 
included data on pre- and post-procedure sodium levels were identified, and relevant articles in English language were 
selected. The results of these studies were then extracted and compared with regards to the changes in serum sodium 
levels.  
 
Results: A total of 41 relevant articles were identified on the role of SCUF in ADHF. After exclusion of duplicate studies, 
15 were selected to enter statistical analysis, including 768 patients with a mean age of 65.7 years. Three studies did not 
provide post-SCUF serum sodium data but reported no significant change. While the majority of the studies (i.e. 9) 
showed a decrease in serum sodium level (-6 to -1 mmol/L; mean -2.17) after SCUF, only one study reported a 1 mmol/L 
increase. Mean pre- and post-SCUF serum sodium levels were 136.4 ± 2.7 and 134.6 ± 3.0 mmol/L respectively (P= 
0.21).  
 
Conclusion: Currently available data suggest that SCUF therapy in the setting of ADHF is associated with a decline in 
serum sodium levels. While the reduction is modest and statistically insignificant, it raises the question whether it may 
have untoward clinical implications as lower serum sodium levels, a reflection of maladaptive neurohormonal activity, are 
an established risk marker for adverse outcomes. Future sodium balance studies are needed to determine the precise 
impact of SCUF on sodium homeostasis and to provide mechanistically relevant explanations through serial 
measurements of serum, urine, and ultrafiltrate sodium concentrations.  
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Greater Severity of Organ Failure Modifies the Effect of CVVH Intensity on Survival in AKI Patients 

Lee Kuo-Hua1, Ou Shuo-Ming1, Tseng Wei-Cheng1, Chih-Yu Yang1, Yao-Ping Lin1, Yung-Chang Chen2, Vincent Wu3, 
Chih-Jen Wu4, Ji-Tseng Fang5, Der-Cherng Tarng1 

1Division of Nephrology, Department of Medicine, Taipei Veterans General Hospital, Taipei, Taiwan., 2Department of 
Medicine, Chang Gung Memorial Hospital, Keelung, 3Division of Nephrology, Department of Internal Medicine, National 
Taiwan University Hospital, Taipei, Taiwan, 4Division of Nephrology, Department of Internal Medicine, Mackay 
Memorial Hospital, Taipei, Taiwan, 5Division of Nephrology, Department of Internal Medicine, Chang Gung Memorial 
Hospital, Linkou, Taiwan 

 
Purpose of the study  
Although practice guidelines suggested continuous venous-venous hemofiltration (CVVH) intensity over 25ml/kg/hr had 
no treatment benefits for acute kidney injury (AKI), there's little evidence indicating if the conclusion applicable to critical 
patients with higher severity of illness or multiple organ failure. This study aimed to clarify whether special circumstances 
would modify the relationship between CVVH intensity and survival outcome.  
 
Material and Methods  
We conducted a multicenter retrospective cohort study in Taiwan. AKI patients treated with CVVH since October 2014 to 
July 2015 were enrolled. The patients were divided into standard (n=102) and higher CVVH intensity group (n=164) by 
the cut-off level of 25 ml/kg/hr, according to the average effluent rate during the first 3 days. The clinical endpoint was in-
hospital mortality. We performed Cox regression analysis to identify the independent risk factors for death. In subgroup 
analysis, survival curves were used to show the possible modifying effect on mortality between the two intensity groups.  
 
Results  
Demographic and clinical characteristic between the two intensity groups were similar, except a higher percentage of 
hypertension and a higher body mass index in the standard group. At the initiation of CVVH, hemoglobin level < 10g/dL 
and Sequential Organ Failure Assessment (SOFA) score≧15 were independently associated with increased risk of 
mortality (HR: 2.44 with 95% CI: 1.16-5.41). Further subgroup analysis with SOFA score≧15 showed higher CVVH 
intensity was associated with decreased in-hospital mortality compared to the standard intensity (Log-rank P=0.0047 with 
adjusted HR 0.54, 95% CI: 0.36-0.79). However, survival curves in the subgroup analysis of hemoglobin levels revealed 
no significant differences between the higher or standard CVVH intensities.  
 
Conclusion  
We suggest that a higher than recommended CVVH intensity may improve mortality in AKI patients with high degree of 
organ failures in SOFA score 

Table/Figure on following page 
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 Univariate analysis  Multivariate analysis  
Variables HR (95% CI) P value HR (95% CI) P value 
CVVH intensity, ml/kg/hr     
≥25 vs. 20-25 0.65 (0.48-0.88) 0.005 0.67(0.49-0.92) 0.013 
Hemoglobin, g/dL     
<10 vs. ≥10 1.43 (1.04-1.96) 0.029 1.53 (1.10-2.13) 0.012 
Lactate, mmol/L     
≥6 vs. <6 1.56 (1.07-2.27) 0.021 1.28 (0.86-1.89) 0.227 
SOFA score     
<10 1    
10-14 1.83 (0.92-3.66) 0.087   
≥ 15 2.85 (1.44-5.65) 0.003 1.92 (1.31-2.83) <0.001 
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New-Onset Atrial Fibrillation in Patients with Acute Kidney Injury on Continuous Renal Replacement Therapy 

Khaled Shawwa1, Panagiotis Kompotiatis1, Brandon Wiley2, Jacob C Jentzer2, Kianoush B Kashani1 
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Purpose  
The incidence of new-onset atrial fibrillation (NOAF) in critically-ill patients increases in parallel with illness severity. 
The pathogenesis of NOAF in the intensive care unit (ICU) setting is not well understood. The incidence of patients with 
dialysis-requiring AKI in the ICU has quadrupled over the past decade with in-hospital mortality remaining above 50%. 
Atrial fibrillation has been reported in up to 44% of patients with AKI requiring continuous renal replacement therapy 
(CRRT), but the chronicity of atrial fibrillation was unclear. The purpose of this study is to assess the incidence of NOAF 
in this population and the impact on relevant outcomes.  
 
Methods  
This is a retrospective analysis of a cohort of patients admitted to the ICUs at a tertiary care hospital from December 2006 
through November 2015 who received CRRT. The primary outcome was mortality at three years. Secondary outcomes 
included in-hospital mortality and major adverse kidney events at 90 days (MAKE90).  
 
Results  
Out of 1394 CRRT patients who had AKI, we excluded an additional 159 (11%) patients with NOAF before CRRT 
initiation, 397 (28%) patients with known atrial fibrillation and 43 (3%) patients with ventricular tachycardia or 
ventricular fibrillation during their ICU stay. Among the remaining 795 patients, NOAF occurred in 202 patients (25%). 
All patients had follow-up data at 3-years. Mortality at 3 years, in-hospital mortality and MAKE90 were all higher in the 
NOAF group compared to the group of patients without NOAF: 153 (75%) vs 388 (65%), 121 (60%) vs 302 (51%) and 
145 (71%) vs 366 (62%), respectively (p-value< 0.05 for all comparisons). In multivariate logistic regression models, 
after adjusting for Charlson Comorbidity Index, fluid overload, CRRT initiation time, age > 60 years, baseline serum 
creatinine, APACHE III score and mechanical ventilation, NOAF remained independently associated with all three 
outcomes. The adjusted odds ratio and 95% confidence interval (CI) for NOAF are as follows: 3-year mortality (1.62, 
95% CI: 1.11-2.37), in-hospital mortality (1.48, 95%CI: 1.05-2.09) and MAKE90 (1.57, 95%CI: 1.09-2.26).  
 
Conclusion  
Incident new-onset atrial fibrillation in patients with AKI receiving CRRT is common and associated with worse short and 
long-term outcomes. Further studies are required to better understand modifiable risk factors for NOAF in this population 
and the mechanisms driving the observed association of NOAF with adverse outcomes. 
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Background: The purpose of this study was to assess the role of hypophosphatemia in major clinical outcomes of patients 
treated with low- or high-intensity continuous renal replacement therapy (CRRT).  
Methods: We performed a retrospective analysis of data collected from 492 patients. We divided patients into two CRRT 
groups based on treatment intensity (greater than or equal to or less than 40 mL/kg/hour of effluent generation) and 
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measured serum phosphate level daily during CRRT.  
Results: We obtained a total of 1,440 phosphate measurements on days 0, 1, and 2 and identified 39 patients (7.9%), 74 
patients (15.0%), and 114 patients (23.1%) with hypophosphatemia on each of these respective days. In patients treated 
with low-intensity CRRT, there were 23 episodes of hypophosphatemia/1,000 patient days, compared with 83 
episodes/1,000 patient days in patients who received high-intensity CRRT (P < 0.01). Multiple Cox proportional hazards 
analysis showed that Acute Physiology and Chronic Health Evaluation (APACHE) III score, utilization of vasoactive 
drugs, and arterial pH on the second day of CRRT were significant predictors of mortality, while serum phosphate level 
was not a significant contributor to mortality.  
Conclusion: APACHE score, use of vasoactive drugs, and arterial pH on the second CRRT day were identified as 
significant predictors of mortality. Hypophosphatemia might not be a major risk factor of increased mortality in patients 
treated with CRRT.  
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Background/Aims: It is known that maintenance of function of vascular access (VA) is very important in the management 
of hemodialysis (HD) patients. Therefore, identifying a risk factor for decreased vascular access flow has a clinical 
relevance in real world practice. The aim of this study investigated the impact of serum phosphorous (P) on autologous 
arteriovenous fistula flow in HD patients.  
Methods: 62 maintenance HD patients who visited dialysis unit of Bundang CHA Medical Center from November 2016 to 
December 2017 were included in this study. Serum P levels were determined every month, and time-averaged serum P 
was calculated. All patients had left arm arteriovenous fistula (AVF; side to side anastomosis) and AVF flow was assessed 
by Transonic HD 03. Decreased AVF flow was defined as less than 600 mL/min.  
Results: Among 62 the subjects, decreased AVF flow was observed in 14 of 62 patients. In univariate analysis and 
Multivariable analysis, higher serum P level was significantly independently associated with decreased AVF flow. But 
Old age, reduced ejection fraction, low dialysis blood flow rate and higher serum calcium was not associated with AVF 
flow.  
Conclusion: This study demonstrated that higher serum P was the independent risk factor for decreased autologous AVF 
flow in maintenance HD patients. Serial monitoring of serum P may be helpful to stratify the risk of AVF dysfunction in 
these patients and proper serum P may be help autologous AVF flow maintenance. 
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Background: Protein-energy wasting (PEW) and chronic inflammation are not only common but are known as predictors 
of adverse clinical outcomes in end stage renal disease (ESRD) patients. Whether the combined values of serum albumin, 
high sensitivity C-reactive protein (hs-CRP), and body mass index (BMI) have an additive impact on clinical outcomes 
compared to each variable by itself in incident peritoneal dialysis (PD) patients was evaluated.  
Methods: A prospective cohort of 565 incident PD patients from the Clinical Research Center for ESRD in Korea was 
selected. Patients were divided into two groups based on the baseline levels of albumin (≥ and <3.8 g/dL), hs-CRP (≥ and 
<0.45 mg/dL), and BMI (≥ and <23 kg/m²). Primary outcome was the composite of all-cause mortality and unplanned 
hospitalization.  
Results: The mean age was 51.4 years and 60.0% were male. During a median follow-up duration of 27 months, 50 
patients (8.8%) died and unplanned hospitalization events occurred in 123 patients (21.8%). Univariate analysis revealed 
an increase in primary outcome risk with lower albumin and elevated hs-CRP compared to higher albumin and lower hs-
CRP, respectively. A similar tendency was observed with lower BMI and primary outcome, although without statistical 
significance. Regarding the combination of these variables, Cox proportional hazards analysis revealed that patients with 
any two risk factors and all three risk factors exhibited significantly higher hazard ratios for primary outcome compared to 
patients without any single risk factor. The combination of these factors retained a significantly higher HR for predicting 
primary outcome, even after adjusting for other confounders.  
Conclusion: The combination of serum albumin, hs-CRP, and BMI at the time of PD commencement was a significant 
independent risk factor for the composite outcome of all-cause death and unplanned hospitalization in incident PD 
patients.  
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Purpose: Renal replacement therapy (RRT) is standard care for critically ill patients with acute kidney injury (AKI) who 
develop complications (e.g. hyperkalemia, fluid overload), but controversy exists as to whether preemptive therapy or a 
“wait and see” approach is better. Although some recent trials have reported that early RRT had no effect on better 
outcomes, delayed RRT could risk developing emergent RRT indications. This study sought to investigate whether 
emergent RRT was associated with increased mortality compared to elective therapy.  
 
Methods: We conducted a retrospective cohort study of patients admitted to any of eight ICUs at the University of 
Pittsburgh Medical Center between July 2000 and October 2008. We analyzed critically ill adult patients who stayed 24 
hours or longer in the ICU, who had AKI with advanced stages (stage 2 or 3 according to the KDIGO criteria) and for 
whom RRT was started in the ICU. The main exposure was emergent RRT, which we defined as 1) RRT started between 
midnight and 6 am; or 2) RRT started with serum potassium levels of 6.0 or higher within 6 hours prior to initiating RRT. 
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The primary outcome was death censored at 90 days after RRT started. By multivariable Cox proportional hazard 
regression, we calculated hazard ratio adjusted for patient demographics, comorbidities, reference serum creatinine levels, 
admission type, APACHE-3 scores, characteristics during the 24-hour period after ICU admission including mechanical 
ventilation, suspected sepsis, blood transfusion volume, cumulative fluid balance, cumulative vasopressor doses.  
 
Results: Of 1,788 patients who met our eligibility criteria, 299 (16.7%) received emergent RRT. During the 24-hour 
period after the ICU admission, blood transfusion volume, cumulative fluid balance, and cumulative vasopressor doses 
were higher in the emergent RRT group. Mortality censored at 90 days was significantly higher among patients who 
received emergent RRT compared to those who received non-emergent RRT (59.2% [177/299] vs 53.5% [797/1,489], 
p=0.010 by log-rank test). In multivariable regression, emergent RRT was associated with 90-day mortality (adjusted 
hazard ratio 1.21, 95% CI 1.02–1.42, p=0.028).  
 
Conclusions: Emergent RRT for advanced stage AKI was associated with 90-day mortality. Given that the “wait and see” 
approach, suggested in some recent trials, might cause emergent RRT, further studies are needed to identify the risk 
factors for emergent RRT.  
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Background: Critically ill patients with sepsis often develop acute kidney injury (AKI) requiring continuous renal 
replacement therapy (CRRT). The mortality rate for these patients can be as high as 50%. Studies have documented that 
recommended antibiotic doses do not reach pharmacodynamic targets. Antibiotics like cefepime are dosed without regard 
to patient weight, yet the influence of patient weight on pharmacodynamic target attainment rates has not been studied. 
This study evaluates the influence of weight on the probability of target attainment (PTA) of cefepime in critically ill 
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patients receiving CRRT utilizing Monte Carlo simulation (MCS).  
 
Methods: Previously-published pharmacokinetic from critically ill patients with AKI in several trials and demographic 
data from Veterans Affairs/National Institutes of Health Acute Renal Failure Trial Network Study (ATN study) were used 
to model MCS. The weight was 84.1kg±19.6 with minimum of 40kg and no maximum. Pre-dilution continuous veno-
venous hemofiltration were used with effluent rate of 35.8±6.4mL/kg/h (0-47.5). Cefepime 1g q8h and 2g q8h were dosed 
in a series of 10,000 virtual subjects and pharmacokinetic profiles were generated. The pharmacodynamic target of 
cefepime was free concentration ≥MIC (and 4×MIC) for ≥60% (≥60 fT>MIC) or 4×MIC for the first 96h of therapy using 
a MIC of 8mg/L (P. aeruginosa breakpoint). The PTA were analyzed in patient weight quartiles [Q1 (lightest)-Q4 
(heaviest)] and a PTA of ≥90% in virtual patients was considered as an acceptable regimen.  
 
Results: PTA for cefepime 1g q8h were: for ≥60%fT>MIC, 100% in Q1 through Q4; for ≥60%fT>4×MIC, 60% in Q1 
(lightest), 40% in Q2, 24% in Q3 and 8% in Q4 (heaviest) were reached. The PTA decreased as patient’s weight (or 
quantile) increased when 1g q8h was administered to reach ≥60%fT>4×MIC. For cefepime 2g q8h, the PTA of 100% 
were reached for ≥60%T>MIC and the PTA of >96% were reached for ≥60%fT>4×MIC in Q1 through Q4.  
 
Conclusion: The MCS showed that cefepime 1g q8h and 2g q8h reached acceptable PTA regardless of patient’s weight 
when the pharmacodynamic target was ≥60%fT>MIC. Cefepime 2g q8h achieved acceptable PTA even with 
pharmacodynamic target of ≥60%fT>4×MIC. However, 1g q8h did not achieve acceptable PTA (<60%) when the 
pharmacodynamic target was ≥60%fT>4×MIC in all patients.  
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Purpose: To compare current continuous renal replacement therapy (CRRT) nurse training and competence with best 
practice nurse CRRT training and competence strategies.  
Methods: A literature review was conducted.  
Summary: Background - CRRT is a high-risk renal replacement therapy that incorporates a steep learning curve, with 
many different assorted supplies, and a complex set-up procedure that nurses must become proficient at to deliver 
efficient and safe CRRT therapy to critically ill pediatric patients. The current practice of learning CRRT set-up and 
delivery is a nurse preceptor-based orientation model. With the current model, learning is conducted on real patients, in 
real time, with a fluctuating census and intermittent set-up opportunities in the ICU; which results in low nurse 
satisfaction and low nurse confidence levels performing CRRT. Current practice does not offer continuation of learning, 
simulation based learning, or annual competency and skills practice for CRRT.  
Conclusion: Commonalities found in the literature, which resulted in an increase in nurse satisfaction and confidence 
levels for learning and performing the CRRT include: formal training programs with simulation-based training, super 
users, online modules, quarterly to annual skills fairs, learning CRRT in a simulated environment vs real patient situation, 
return skills demonstrations, didactic and lecture learning. Incorporating these findings and strategies into a cohesive 
CRRT nurse training program are proven approaches resulting increased nurse competency, satisfaction, skill level, and 
critical thinking. Additionally, incorporating simulated based nurse training for CRRT was found to have a positive 
impact on patient care resulting in an increase in CRRT filter life and a decrease in unscheduled filter changes.  
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Purpose  
Delivery of CRRT is variable worldwide [1] particularly difficulties achieving prescribed dosage rates. Bedside nurses are 
often responsible for facilitating day to day CRRT management, but there are no published insights into factors affecting 
their decision making in this context. This research aims to understand nurses’ perspectives in this role to optimise future 
CRRT delivery.  
Methods  
University ethics approval was granted. Face to face, semi-structured interviews were conducted with 7 nurses across 2 
hospital sites in 2017/2018. Participants were recruited using a theoretical sampling approach and were a mixture of shift 
leaders and bedside nurses. Interviews were audio recorded and transcribed and ranged in length from 61 to 87 minutes. 
Transcripts were coded and iterative theme development was undertaken. Codes were then rationalised and subthemes 
created. Once a subtheme was identified, its presence in other transcripts was examined. The major themes were formed 
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based on overarching connections and commonnalities between the subthemes.  
Results  
Four major themes emerged: the Individual, Organisational, Practice and Support. Subthemes for the Individual theme 
were Experience, Knowledge and Assessment, which highlighted the importance of confidence in providing CRRT 
alongside practical and theoretical knowledge. For the Organisational theme - Leadership, Documentation and 
Information Sources were key, identifying an ongoing struggle of safely allocating nurses to CRRT patients and a reliance 
on a variety of resources to effectively manage CRRT. Variability, Clinical context and Clinical interactions all featured 
highly in the Practice theme, with participants emphasising how these concepts and the unpredictable nature of the patient, 
device and support systems require a constant responsiveness. The Support theme comprised of: Collaboration and the 
Role of the Medic, both were central to safe and effective CRRT but variability in these was also evident.  
Conclusion  
There are numerous influencing factors affecting nursing management of CRRT. Further exploration is needed to 
determine the relationships between these and which factors play pivotal roles at a clinical level, in aspects like dose 
delivery, patient outcomes and increased practice consistency.  
[1] CONNOR & KARAKALA. 2017. Reviewing Current Best Practice to Provide High-Quality Extracorporeal Therapy 
to Critically Ill Patients. Advances in Chronic Kidney Disease, 24(4) pp213-8  
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