Indian Heart Journal 73 (2021) 594e598

Contents lists available at ScienceDirect

Indian Heart Journal
journal homepage: www.elsevier.com/locate/ihj

Original Article

Managing patients of shock and acute kidney injury in tertiary care
cardiac ICU: Experience with continuous renal replacement therapy
Vivek Gupta a, *, Samir Kapoor b, Vikas Makkar c, Shibba Takkar Chhabra d, Naved Aslam d,
Bishav Mohan d, Rajiv Kumar b, Vijita Pandey a, Himani Prashar a, Gurkirat Kaur a,
Suvir Grover a, Suman Sethi c, Simran Kaur c, Sarju Ralhan b, G.S. Wander d
a

Department of Cardiac Anaesthesia & Intensive Care, Hero DMC Heart Institute, Ludhiana, Punjab, 141001, India
Department of Cardiovascular & Thoracic Surgery, Hero DMC Heart Institute, Ludhiana, Punjab, 141001, India
Department of Nephrology, Dayanand Medical College & Hospital, Ludhiana, Punjab, 141001, India
d
Department of Cardiology, Hero DMC Heart Institute Ludhiana, Punjab, 141001, India
b
c

a r t i c l e i n f o

a b s t r a c t

Article history:
Received 20 February 2021
Received in revised form
18 July 2021
Accepted 4 August 2021
Available online 8 August 2021

Background: Clinical experience on details of CRRT initiation and outcomes in cardiac intensive care unit
(CICU) patients is not available from developing countries like India. This study shares the 5-year clinical
experience of managing CICU patients requiring CRRT in a tertiary care cardiac center of North India.
Materials and methods: Medical records of all CICU patients with acute kidney injury (AKI) managed by
CRRT from October 2011 to September 2016 at tertiary referral center in North India were retrospectively
reviewed. Multiple logistic regression analysis was used to identify predictors of post-CRRT mortality.
Results: A total of 630 patients received CRRT during the study period. Most commonly AKI developed in
patients with acute coronary syndrome (30.2 %) with cardiogenic shock. 55.9 % of the CRRT patients were
>60 years of age, and/or on multiple supports in ICU including, mechanical ventilation, high doses of
inotropes & vasopressors and other cardiovascular support. Of those on CRRT, 130 (20.6 %) patients had
died, 215 (34.1 %) were discharged and 285 (45.2 %) could not complete the desired course. Multivariate
regression analysis showed independent association of mortality with high vasoactive-inotropic score,
single CRRT cycle and low mean arterial pressure in CRRT patients.
Conclusion: About 34.1 % of patients receiving CRRT were alive at discharge, emphasizing the feasibility
and utility of CRRT as a promising modality in this population for improving outcomes.
© 2021 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
Acute kidney injury (AKI) occurs in 18e65 % of intensive care
unit (ICU) patients and is commonly associated with multi-organ
failure, pre-existing renal disease, sepsis, and renal hypoperfusion.1 Holland et al reported 15 % AKI prevalence among cardiac ICU (CICU) patients, out of which 20 % required renal
replacement therapy (RRT).2 Continuous renal replacement therapy (CRRT) is a slow form of hemodialysis which provides renal
support for hemodynamically unstable and critically ill patients
with AKI admitted to ICU.3
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Kidney Disease Improving Global Outcomes (KDIGO) AKI
guidelines (2012) suggested using CRRT over intermittent dialysis
options for hemodynamically unstable patients in ICU.4 Several
studies have proven the superiority of CRRT over intermittent
therapies in hemodynamic unstable critical patients with higher
renal recovery rates because of gradual removal of ﬂuids, superior
ability to clear inﬂammatory mediators, better maintenance of the
electrolytes, and hemodynamic stability.3,5e8 These advantages of
CRRT are important, predominantly in CICU patients as AKI after
cardiac procedure is often associated with hemodynamic
instability.9,10
Till today, published clinical experience on details of CRRT
initiation and outcomes in CICU patients is mostly available from
developed countries and there is scarce data from the developing
countries like India. We report our 5-year experience of providing
CRRT in the CICU of a tertiary referral center. The goal is to highlight
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3.1. Baseline demographic and clinical characteristics

CRRT practices and outcomes from North India, allowing the
characterization of similarities and differences in standard CRRT
practices.

Table 1 shows the baseline demographic and clinical characteristics of the CRRT patients. Four hundred (63.5 %) were male and
two hundred thirty (36.5 %) were female. The mean age of the study
patients was 61.5 ± 14.3 years. Three hundred ﬁfty-two (55.8 %)
were aged  60 years. The development of AKI was associated with
cardiovascular diseases (53.2 %), cardiac procedures (33.8 %), noncardiovascular diseases (4.0 %), and non-cardiac procedures
(9.1 %). Acute coronary syndrome with cardiogenic shock (30.2 %)

2. Materials and Methods
This study was undertaken at CICU of the tertiary referral center
of North India. This center is an exclusive admitting unit for patients with underlying heart diseases. All patients admitted to CICU
and who were treated with CRRT, from October 2011 through
September 2016, were included. The RIFLE class (class R, class I, or
class F), determined based on the worst of either Creatinine/
glomerular ﬁltration rate (GFR)/urine output criteria, was used to
classify patients at the time initiation of CRRT. The exclusion criterion was end-stage kidney disease patients, who were undergoing regular dialysis. The study was approved by the Ethics
Committee (IEC No. 2017e218), which waived the need for explicit
patient consent because no direct contact with study participants
was necessary. However, as per the hospital policy, all the patients
had implied consent to produce and publish the data at the time of
hospital admission.
The primary outcome of the study was survival among CICU
patients post CRRT. Also, the factors that were associated with
mortality, within seven days of CRRT initiation, were assessed.11
The RIFLE class (class R, class I, or class F), determined based on
the worst of either Creatinine/glomerular ﬁltration rate (GFR)/urine
output criteria was used to classify patients at the time initiation of
CRRT. We used Prismaﬂex® (Baxter India) machine to provide CRRT
in our patients. Normal saline (0.9 %) solution 5 ml/kg/hour was
used for pre blood pump. Prismasol® BO (Baxter India) solution
was used for both dialysate as well as replacement ﬂuid.Efﬂuent
dose was ranging from 26 to 32 ml/kg/hour. Pre and post dilution
were adjusted for replacement ﬂuid as 2/3rd and 1/3rd respectively. Partial thromboplastin time with Kaolin (PTTK) was monitored in cases where anticoagulation was administered and a ratio
of 1.5e2 was maintained.
The reasons of discontinuation of CRRT were return of adequate
renal function (urinary output  500 ml/24 h), switching to other
modalities of renal replacement therapies (SLED or IHD), and premature termination of therapy due to DAMA or death. Patient age,
sex, time interval from ICU admission to CRRT initiation, principal
diagnosis leading to AKI, CRRT modalities, Mean arterial pressure
(MAP), sequential organ failure assessment (SOFA) score, acute
physiology and chronic health evaluation II (APACHE II) score,
vasoactive-inotropic score (VIS), vasopressor use during CRRT,
mechanical ICU support and consecutive number of days of CRRT
were collected from the medical records. Mean arterial pressure of
70 mm Hg or more was taken as cut off.
Data was analyzed using SPSS statistical software (version 25;
SPSS Inc) and summarized as number and percentage for categorical variables and as mean (SD) for continuous variables. A multiple
logistic regression analysis was applied to predict the all-cause
mortality after starting CRRT. The following variables were
included as covariates in a logistic regression analysis: age, gender,
CRRT interval (admission to start), consecutive number of days of
CRRT, principal diagnosis, APACHE II score, SOFA score, VIS, mean
arterial pressure (MAP) and mechanical ventilation. The level of
signiﬁcance was set as 0.05 and the desired power of the study was
80 %.

Table 1
Baseline demographic and characteristics of the CRRT patients (n ¼ 630).
Characteristics
Age
40 years
40e60 years
>60 years
Sex
Male
Female
Pre CRRT Condition
Left Ventricular Dysfunction*
CPR survivor
Sepsis
Co-morbidities
Hypertension
Diabetes mellitus
Chronic kidney diseases
Lung disease
Hepatic disease
Gastrointestinal diseases
Cancer
Neurological disorders
Obesity

N (%)
57 (9.0)
221 (35.1)
352 (55.9)
400 (63.5)
230 (36.5)
305 (48.4)
47 (7.5)
182 (28.9)
387 (61.4)
380 (60.3)
189 (30.0)
106 (16.8)
75 (11.9)
50 (7.9)
20 (3.2)
9 (1.4)
6 (1.0)

ICU Scoring **
23 (10e36)**
APACHE IICRRTinitiation
SOFA ScoreCRRT initiation
112e20**
VIS CRRT initiation
32 (0e120)**
RIFLE criteria at the time of CRRT initiation
Injury
257 (40.8)
Failure
373 (59.2)
CRRT Indications
Acute kidney injury
424 (67.3)
Metabolic Acidosis
373 (59.2)
Fluid overload
328 (52.1)
Hyperkalemia
39 (6.2)
CRRT Modality
CVVH
9 (1.4)
CVVHD
257 (40.8)
CVVHDF
333 (52.9)
SCUF
30 (4.8)
Support during ICU Course
Mechanical Ventilation
584 (92.7)
Intra-Aortic Balloon Pump (IABP)
55 (8.7)
Temporary Pacemaker Insertion (TPI)
13 (2.1)
Extracorporeal membrane oxygenation (ECMO)
6 (0.95)
No. of vasoactive agent
2
233 (37.0)
>2
384 (61.0)
Other Outcomes, No. (%)
>50 % inotropes reduction after CRRT initiation
459 (72.8)
Discharged against medical advice (DAMA)
285(45.2)
Death
130 (20.7)
Discharged
215 (34.1)
* Left Ventricular Dysfunction was deﬁned as Ejection Fraction (EF) < 35 %
** The values are given as Median (Min-Max)

3. Results

CPR Cardiopulmonary Resuscitation, ICU Intensive care unit; APACHE II Acute
Physiology and Chronic Health Evaluation; SOFA Sequential Organ Failure Assessment; VIS Vasoactive Inotropic Score; CVVH Continuous Veno-Venous Hemoﬁltration; CVVHD Continuous Veno-Venous Hemodialysis; CVVHDF Continuous VenoVenous Hemodiaﬁltration; SCUF Slow Continuous Ultra Filtration.

Over the 5-year period, a total of 642 patients were admitted to
CICU and received CRRT at our center. Out of these, data from 630
patients were analyzed and 12 patients with ESRD were excluded.
595
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was the most common cause of AKI. Patients admitted to the CICU
for non-cardiac procedures and diseases had chronic cardiac comorbid conditions (Table 2). The majority of the patients had 2
comorbidities, and the median time interval from CICU admission
to CRRT initiation was 3 days (0e63).
3.2. Outcomes after CRRT completion
Of 630 patients, 285 (45.2 %) did not complete desired course of
treatment in CICU, and all of them had left the CICU against medical
advice. Therefore, only 345 (54.8 %) patients were included for the
outcome analysis. Overall duration of CRRT cycles was 30.6 ± 19.0 h.
The median duration of ﬁrst CRRT cycle to discharge was 3 days
(0e54). 130 patients (37.7 %) died in the 7 days following CRRT
initiation (Fig. 1). Out of this, 113 patients (86.9 %) died within 72 h
following CRRT initiation, with 57 of those patients dying within
24 h.
In this study, patient's survival and mortality were compared
based on number of CRRT cycles for 1, and 2 or more cycles (Fig. 2).
In-hospital survival was 49.8 % (107 of 215) among patients undergoing 1 cycle of CRRT, and 83.7 % (108 of 129) among patients
undergoing  2 cycles of CRRT. The mean VIS was higher among
patients who died compared with survivors (44.5 ± 12.6 vs.
33.4 ± 15.5; p < 0.001). 7 out of 47 CPR survivors (pre-CRRT initiation) got discharged.

Fig. 1. Overall survival rate after CRRT.

3.3. Multivariate logistic regression analysis
Multivariate regression analysis showed signiﬁcant association
of mortality with high VIS (OR: 1.041; 95 % CI, 1.018e1.064) and low
MAP (OR: 0.915; 95 % CI, 0.890e0.941). Patients who received one
cycle of CRRT showed a trend toward higher mortality (OR: 4.652;
95 % CI, 2.419e8.948) compared to patients who received more
than one CRRT cycle (Table 3).

Fig. 2. CRRT cycles and its relation with patient's outcome.

with CRRT over a period of 5-years. To the best of our knowledge,
this is one of the largest contemporary data on CRRT in cardiac
patients. For this population in a CICU, we report an overall mortality of 37.5 % (129 of 344 patients). Although this mortality rate
does not consider the number of patients excluded from outcome
analysis (285 of 630 [45.2 %]) owing to discharge against medical
advice (DAMA), it is near the range reported in large studies in the
literature. This experience demonstrated high mortality rate within
24-h following CRRT initiation, which decreased with the more
number of CRRT cycles. The chances of survival were signiﬁcantly
lower in patients who received only one cycle of CRRT. Furthermore, high VIS as well as low MAP at CRRT initiation was signiﬁcantly associated with increased risk of mortality in these patients.

4. Discussion
Acute kidney injury due to sepsis, cardiogenic shock, cardiorenal
syndrome, low cardiac output, or ischemic injuries is common in
cardiac patients (underwent surgery or having CVDs), often making
them too unstable for intermittent hemodialysis.12,13 CRRT has
become the predominant mode of renal replacement therapy used
in caring for critically ill patients with renal failure in medical ICUs
worldwide.
In our center, 630 cardiac patients with AKI requiring ICU support such as mechanical ventilation, intra-aortic balloon pump
(IABP), temporary pacemaker insertion (TPI), extracorporeal
membrane oxygenation (ECMO) and vasoactive drugs were treated

Table 2
Principal diagnosis leading to AKI (n ¼ 630).
Principal diagnosis

N (%)

Cardiovascular Disease (CVD)
Acute coronary syndrome with cardiogenic shock
Acute heart failure (including biventricular failure and left ventricular failure)
Myocarditis (Viral/Toxic/Septic)
Cardiomyopathy (Dilated and Ischemic)
CV Procedures
Cardiac (CABG, Valve surgery, combined procedures PTCA etc.)
Vascular (aortic root replacement, embolectomy, pulmonary endarterectomy, peripheral vascular stenting)

190 (30.2)
108 (17.1)
25 (4.0)
12 (1.9)
167 (26.5)
46 (7.3)

Non-cardiac procedures and diseases
Non-cardiac procedures (Laprotomy, breast surgery, cesarian section, cholecystectomy, joint surgery, amputation etc)
Non-cardiovascular diseases
596
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Table 3
Independent risk factors of mortality from multivariate logistic regression analysis.
Variables

Odd Ratio

95 % Conﬁdence Interval

P-value

Age
Gender e F
Interval time from ICU admission to CRRT initiation
No. of CRRT cycle
2 cycles#
1 cycle
Type of primary diagnosis
Non-Cardiovascular disease#
Cardiovascular procedure
Non-cardiovascular procedure
Cardiovascular disease
At CRRT initiation
SOFA Score
APACHE Score
Mean arterial pressure
Vasoactive-inotrope score

1.015
1.388
1.001

0.993e1.038
0.747e2.579
0.961e1.042

0.189
0.300
0.974

e
4.652

e
2.419e8.948

e
<0.001

e
1.079
1.294
0.930

e
0.212e5.500
0.215e7.789
0.184e4.686

e
0.927
0.778
0.930

1.024
1.006
0.915
1.041

0.894e1.172
0.928e1.091
0.890e0.941
1.018e1.064

0.734
0.879
<0.001
<0.001

#

Reference value. As a matter of strategy, the least risky category is to be treated as reference category so that the OR calculated against any other category can be compared
with the reference category.

beyond one cycle because majority of these patients were discharged despite the serious clinical situations (Fig. 2). Number of
CRRT cycles may be used for risk classiﬁcation and as a predictor of
recovery.
This study has some limitations. First, this study was performed
in a single-center and single cardiac intensive care unit and the data
were retrospective. Second, in our center, critically ill patients were
heterogeneous and were followed up and treated by different clinicians during the study period. Third, 45.2 % discontinued CRRT
and left the CICU against medical advice and so were not included
in outcome analysis. Fourth, study presents the data for short term
follow-up (7 days) post CRRT.

The CICU in this study cares primarily for patients admitted to a
hospital before or after cardiac surgery and a second group of patients admitted for treatment of CVDs. AKI is the well-recognized
complication of critically ill cardiac patients and is associated
with 28e90 % in-hospital mortality, especially in those requiring
CRRT.14 In 2012, a study from Korea on CRRT in septic AKI reported
47.4 % mortality rates for patients who had CRRT after 24 h.15 In the
past few years, several meta-analyses have been published, which
show the survival advantage of early initiation (<24 h) of RRT and
recommend it for patients with AKI.16,17 However, the current study
showed an overall mortality rate of 37.5 % with median time interval of 72 h for initiating CRRT after CICU admission.
Both APACHE II and SOFA score are the prognostic factors in AKI
patients.18 The patients with lower SOFA and APACHE scores have
shown a signiﬁcantly higher probability of survival at discharge
from the hospital.18 In our study, the SOFA and APACHE scores at
CRRT initiation have not predicted mortality in CICU patients, as
both the scores do not consider pre-existing cardiovascular disorder & myocardial dysfunction. However, the high VIS and low MAP
at CRRT initiation in this study was found to be strongly associated
with ICU mortality. This is in line with the previous studies predicting mortality rate in critically ill patients using the VIS score and
MAP levels.19,20 44 % mortality has been reported by one of the
study among patients with VIS <20 and 100 % in those with VIS
20. Levels of both VIS and MAP at CRRT initiation may be used as a
predictor of mortality.
Studies from Alabama and Denmark have shown sepsis/septic
shock as a major cause of AKI.21,22 A retrospective observational
clinical survey from Japan also found sepsis (32.8 %) or severe infectious disease as the main reason for initiating CRRT, followed by
heart failure (28.6 %), surgery (21 %), hepatic failure (1.7 %) and renal
failure (4.2 %).23 In contrast, acute coronary syndrome with
cardiogenic shock (30.2 %) was the major cause of AKI in our study.
An Indian study also reported that out of 22 patients who were due
for CRRT, sepsis was present in 68.2%, CKD in 36.4% and diabetes in
27.3%.24 However, the independent role of non-cardiac complications in determining ICU mortality was also not conﬁrmed by
multivariate analysis (HR for survival 0.390, 95 % CI 0.081e1.866
p ¼ 0.005).
Number of CRRT cycles signiﬁcantly inﬂuenced the restoration
of kidney function and survival of the patients.10 Analysis given in
Fig. 2 reveals that 84 % of the patients survived after receiving two
to three and more than two CRRT cycles respectively. Our results in
the cardiac patients suggest survival beneﬁts in continuing CRRT

5. Conclusions
This 5-year experience emphasizes the feasibility and utility of
CRRT as a promising modality in improving outcomes (survival) in
CICU patients with AKI. The need of mechanical ventilation, IABP
support or complex surgeries prior to CRRT denotes the severity of
illness. High inotropic support at CRRT initiation and low MAP was
associated with poor outcome. Overall CRRT has improved the
survival rate in CICU patients with AKI.
Funding
No funding was received for this study.
Declaration of competing interest
There was no potential conﬂict of interest.
References
1. Annigeri RA, Nandeesh V, Karuniya R, et al. Impact of dialysis practice patterns
on outcomes in acute kidney injury in Intensive Care Unit. Indian J Crit Care
Med. 2016;20(1):14e20.
2. Holland EM, Moss TJ. Acute noncardiovascular illness in the cardiac intensive
care unit. J Am Coll Cardiol. 2017;69(16):1999e2007.
3. Vanholder R, Van Biesen W, Hoste E, et al. Pro/con debate: continuous versus
intermittent dialysis for acute kidney injury: a never-ending story yet
approaching the ﬁnish? Crit Care. 2011;15(1):1e7.
4. Heung M, Bagshaw SM, House AA, et al. CRRTnet: a prospective, multi-national,
observational study of continuous renal replacement therapy practices. BMC
Nephrol. 18(1):1-7.
5. Bouchard J, Mehta RL. Volume management in continuous renal replacement
therapy. Semin Dial. 2019;22(2):146e150.
597

V. Gupta, S. Kapoor, V. Makkar et al.

Indian Heart Journal 73 (2021) 594e598
16. Pickering JW, James MT, Palmer SC. Acute kidney injury and prognosis after
cardiopulmonary bypass: a meta-analysis of cohort studies. Am J Kidney Dis.
2015;65(2):283e293.
17. Zou H, Hong Q, Xu G. Early versus late initiation of renal replacement therapy
impacts mortality in patients with acute kidney injury post cardiac surgery: a
meta-analysis. Crit Care. 2017;21(1):1e10.
18. Wang H, Kang X, Shi Y, et al. SOFA score is superior to Apache-II score in
predicting the prognosis of critically ill patients with acute kidney injury undergoing continuous renal replacement therapy. Ren Fail. 2020;42(1):638e645.
19. Kee YK, Kim D, Kim SJ, et al. Factors associated with early mortality in critically
ill patients following the initiation of continuous renal replacement therapy.
J Clin Med. 2018 Oct;7(10):334.
20. Kim Y, Yun D, Kwon S, et al. Target value of mean arterial pressure in patients
undergoing continuous renal replacement therapy due to acute kidney injury.
BMC Nephrol. 2021 Dec;22(1):1e7.
21. Tolwani AJ, Campbell RC, Stofan BS, et al. Standard versus high-dose CVVHDF
for ICU-related acute renal failure. J Am Soc Nephrol. 2008 Jun 1;19(6):
1233e1238.
22. Pedersen O, Jepsen SB, Toft P. Continuous renal replacement therapy for critically ill infants and children. Dan Med J. 2012 Feb 1;59(2):177e178.
23. Harada M, Ooki M, Kohashi K, et al. Clinical survey of decreased blood ﬂow rate
in continuous renal replacement therapy: a retrospective observational study.
Crit Care Res Pract. 2019, 2019 Nov 20.
24. Jaryal A, Vikrant S. A study of continuous renal replacement therapy and acute
peritoneal dialysis in hemodynamic unstable patients. Indian J Crit Care Med.
2017;21(6):346e349.

6. Schneider AG, Bellomo R, Bagshaw SM, et al. Choice of renal replacement
therapy modality and dialysis dependence after acute kidney injury: a systematic review and meta-analysis. Intensive Care Med. 2013;39(6):987e997.
7. Uchino S, Bellomo R, Morimatsu H, et al. Continuous renal replacement therapy: a worldwide practice survey. The beginning and ending supportive
therapy for the kidney (B.E.S.T. kidney) investigators. Intensive Care Med.
2007;33(9):1563e1570.
8. Payen D, de Pont AC, Sakr Y, et al. A positive ﬂuid balance is associated with a
worse outcome in patients with acute renal failure. Crit Care. 2008 Jun;12(3):
1e7.
9. Lomivorotov VV, Efremov SM, Kirov MY, et al. Low-cardiac-output syndrome
after cardiac surgery. J Cardiothorac Vasc Anesth. 2017;31(1):291e308.
€rer O, et al. Inﬂuence of continuous renal replacement
10. Heise D, Faulstich M, Mo
therapy on cardiac output measurement using thermodilution techniques.
Minerva Anestesiol. 2012;78(3):315e321.
11. Hoste EA, Clermont G, Kersten A, et al. RIFLE criteria for acute kidney injury are
associated with hospital mortality in critically ill patients: a cohort analysis.
Crit Care. 2006 Jun;10(3):1e10.
12. Odutayo A, Wong CX, Farkouh M, et al. AKI and long-term risk for cardiovascular events and mortality. J Am Soc Nephrol. 2017;28(1):377e387.
13. Liu J, Xie H, Ye Z, et al. Rates, predictors, and mortality of sepsis-associated
acute kidney injury: a systematic review and meta-analysis. BMC Nephrol.
2020;21(1):1e6.
14. Siddiqui AH, Valecha G, Modi J, et al. Predictors of 15-day survival for the
intensive care unit patient on continuous renal replacement therapy: a retrospective analysis. Cureus. 2020;12(5).
15. Chon GR, Chang JW, Huh JW, et al. A comparison of the time from sepsis to
inception of continuous renal replacement therapy versus RIFLE criteria in
patients with septic acute kidney injury. Shock. 2012;38(1):30e36.

598

