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maintaining fluid and electrolyte balance, avoiding 
nephrotoxic drugs, appropriate drug dosing for level of 
glomerular filtration rate, and RRT. The preferred choice 
for RRT among peritoneal dialysis (PD), intermittent 
hemodialysis (IHD), or continuous renal replacement 
therapy (CRRT) remains unresolved despite several 
randomized controlled trials.[5-8]

In the Indian context, three studies have previously 
reported the profile and outcome of AKI in ICUs.[9‑11] But 
the treatment characteristics of RRT, therapy modification, 
sickness profile were not described. Hence, our study 
aimed to study the patient characteristics, renal 
replacement practice of modified IHD, and the outcome of 
patients with AKI in an ICU in a secondary care institution 
in urban south India.

Materials and Methods

A retrospective study of all consecutive patients over the 
age of 18 who underwent hemodialysis in the medical ICU 
between January 2004 and January 2007 was performed. 
Patient demographics, clinical characteristics, reasons 
for renal replacement, vasopressor use, mechanical 
ventilation, and enteral nutrition support were recorded. 

Introduction

Acute kidney injury (AKI) is occurs in 5.7 - 24% of intensive 
care unit (ICU) patients.[1,2] It is commonly associated with 
multiorgan failure, pre‑existing renal disease, sepsis, 
and renal hypoperfusion.[1‑4] Renal replacement therapy 
(RRT) is reportedly used in 51‑82% of patients with AKI 
in ICU.[3,4] Mortality of patients with AKI in ICU ranges 
from 46.8% to 60% and use of vasopressors, mechanical 
ventilation, shock (septic and cardiogenic) were 
independent predictors of mortality.[1,2] Treatment of AKI 
includes addressing the etiology, hemodynamic support, 
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Biochemical and hematological parameters at the onset of 
hemodialysis were noted. Acute physiological and chronic 
health (APACHE II) score was assessed to describe the 
sickness profile.

Hemodialysis (HD) was performed using the Fresenius 
4008 B machine. Standard water treatment was used. 
Dialysate concentrates were commercially purchased. 
F5 polysulfone dialyzers were used (surface area of the 
dialyzer was 0.9 m2). All the patients were anticoagulated 
with unfractionated heparin‑based on clinical risk 
assessment. The intensive care team and nephrologist 
decided on ultrafiltration based on clinical risk assessment 
and hemodynamics. HD characteristics that included 
blood flow rate (BFR), dialysate flow rate (DFR), 
anticoagulation, and ultrafiltration (UF) were reviewed. 
Major complications were documented. All the patients in 
the ICU received only HD as renal replacement therapy and 
none received PD or continuous renal replacement therapy.

Patient survival was recorded at 30 days after initiation of 
renal support. Renal survival was defined as dialysis‑free 
survival 30 days after initiation. Data were shown as 
mean ± SD. Microsoft Excel and Epi info software were 
used for data analysis. Mean of various parameters were 
compared among the survivors and non‑survivors using 
appropriate statistical tests and P < 0.05 was considered 
significant. Continuous variables were categorized using 
median as the cut point. Univariate analysis for risk factors 
for non‑survivors was done and unadjusted odds ratios 
were computed. Multivariate analysis was done using 
logistic regression methods and adjusted odds ratios 
were computed.

Results

A total of 92 patients underwent 525 HD treatments 
during the study period. Baseline characteristics are 
described in Table 1. There were 60 male and 32 female 
patients. The mean age was 56.5 ± 16 years. The etiology 
of renal failure were sepsis in 64 patients, cardiac in seven 
patients, malaria for seven patients, post‑surgical for four, 
trauma for two patients, poisoning for two patients, and 
other causes for four patients.

Table 1 also illustrates treatment characteristics: 75% (68 
patients) of the patients were on vasopressors, 82% (74 
patients) were on mechanical ventilation and 77% (70 
patients) received enteral nutrition support. APACHE II score 
mean was 22.3 ± 7.4, mean BUN was 63.6 ± 37.7 mg%, mean 
serum creatinine was 3.6 ± 3.7 mg%, and mean pH was 7.2 
± 0.2. The mean serum sodium was 133.3 ± 11.2 mEq/L 
and mean serum potassium was 5.0 ± 4.5 mEq/L. Mean 
hemoglobin was 9.4 + 2.4 g% and mean total white cell 

count was 16.2 ± 16.9 cells/mm3, and lastly, mean platelets 
were 1.5 ± 1.2 m.cells/mm3.

Table 2 shows the dialysis prescription pattern. The mean time 
difference between admission to ICU and start of HD was 6.8 
days. Dialysis duration distribution: 324 sessions (61.2%) of 
dialysis for <4 h, 83 sessions (15.9%) were for 4‑6 h and 118 
sessions (22.5%) persisted for >6 h. Mean BFR was 191.8 ± 
35.2 ml/min, and mean DFR: 474.9 ± 109.8 ml/min. Mean 
heparin used was 281 ± 339 u/h and mean UF 242.1 ± 279.3 
ml/h. 67 treatments (12.7%) had hypotension.

Outcome was analyzed at 30 days from the start of HD 
[Table 2]. Of the 92 patients; 23 (25.%) were alive, 
59 (64.1%) died, and 10 (10.8%) patients were either 
transferred or discharged at request.

A comparison of survivors and non‑survivors was done 
to identify the predictors for survival. Non‑survivors had 
significantly higher APACHE II scores, lesser number of 
HD treatments (indicating early mortality), lower pH, 
and higher PTT. There was no significant difference 
in serum creatinine, urine output, and hemoglobin 
between the two groups [Table 3]. Use of ventilatory 
support, nasogastric feeding, and vasopressors use were 
not significantly associated with non‑survival (data not 
presented here). APACHE II score above median (>21.5), 
HD treatments below median (<3), PTT above median 

Table 1: Baseline clinical features of patients with acute 
kidney injury
N 92
Mean age (years) 56.5±16
Gender

Male 60
Female 32

AKI etiological factors
Sepsis 64 (74.1)
Cardiac diseases 7 (7.8)
Malaria 7 (7.8)
Post‑operative kidney injury 4 (4.4)
Trauma 3 (3.3)
Poisoning 2 (2.2)
Others  4 (4.4)

Organ support
Mechanical ventilation 74 (82)
Vasopressors 68 (75)
Enteral nutritional support 70 (77)
APACHE II score 22.3±7.4
Blood urea nitrogen (mg/dl) 63.6+37.7
S. creatinine (mg/dl) 3.6+3.7
S. sodium (meq/L) 133.3+11.2
S. potassium (meq/L) 5.0+4.5
pH 7.2+0.2
Hemoglobin (g/dl) 9.4+2.4
Total white blood cell count (1000 cells/cu mm) 16.2+1.9
Platelets (1000 cells/cu mm) 150+120

AKI: Acute kidney injury, APACHE II: Acute physiological and chronic health. 
Figures in parentheses are percentages
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(>37.5) and pH below median (<7.2) were significantly 
associated with non‑survival in the univariate analysis 
[Table 4]. We also did multivariate analysis; however, 
the same factors were not significant, probably due to 
the small sample size.

Discussion

Our study  illustrated that appropriate modified practice of 
IHD could be customized to the clinical needs of patients 
with AKI in ICU. It helped achieve reasonable clinical 
outcome in environments with resource constraints. 
Modifications adopted in our practice included increasing 
frequency of dialysis, varying duration of dialysis, 
minimizing anticoagulation, reducing dialysate flow, and 
customizing ultrafiltration based on hemodynamic status.

The spectrum of ICU patients developing AKI and the age 
profile in our patient population was similar to ICU in the 
developed world.[1] The younger age reported in previous 
Indian studies was likely due to the socioeconomic class of 
patients attending tertiary care public hospitals.[9‑11] Male 
patients constituted the majority (66.6%) and sepsis was 
a major causative factor of AKI. This shifting age pattern 
was consistent with the shifting demographics in India, 
health‑seeking pattern among patients in private health 
sector, and increasing chronic diseases in India.

The sickness profile was assessed using APACHE II. 
Though there are several “sickness scoring systems” 
uniquely designed for patients with AKI, we used 
the APACHE II for ease of implementation. The large 
proportion of sepsis in our series accounted for the high 
prevalence of multiorgan failure.

Globally, the choice of modality for RRT varies across 
centers. In recent international surveys on clinical practice 
patterns, it was found that 80% of the centers administer 
CRRT, 17% used intermittent RRT (IRRT), and a very few 
used PD.[2] Continuous therapies were commonly used 
in Europe, whereas in Australia, more than 90% of the 
critically ill patients with dialysis‑dependent renal failure 
were treated with CRRT.[2] But CRRT is a labor‑intensive 
and expensive modality of RRT. The above factors were 
major limitations to utilizing CRRT in nephrology practice in 
India. Modifications of conventional IHD such as sustained 
low efficiency dialysis, short daily dialysis, and isolated 
ultrafiltration were shown to achieve satisfactory patient 
outcome.[12,13] In our study, 83 sessions (15.9%) went on 
from 4 to 6 h, 118 sessions (22.5%) persisted for >6 h, and 
about 30% of dialysis treatment were on consecutive days. 
The retrospective nature of the study limited reviewing 
other important adverse effects including new onset of 
infections from access, major bleeding, and transient cardiac 
arrhythmias. Poor hemodynamic tolerance of IHD was a 
common problem for patients in the ICU. Hypotension 
occurred in 12.7% of the IHD sessions in this study. Due 
to retrospective nature of study, recall bias and improper 
documentation may influence reliability of our findings. The 
salient feature was that the patient survival in our study was 
similar to that published in developed countries. This fact 
may indirectly indicate that major adverse effects may not 
have been missed in our data review.

There is yet no consensus on the timing of initiation of 
RRT. The mean BUN and creatinine of patients in our study 
reflect the timing of initiation to be reasonably consistent 
with contemporary practice. Significantly, it was noted that 
it was possible that patients initiated early on RRT might 
have survived even without RRT. There were no randomized 
trials comparing the outcome of the practice of modified 

Table 2: Hemodialysis prescription characteristics and 
outcome
Total number of dialysis treatments 525
Duration of dialysis

≤4 h 324 (61)
4‑6 h 83 (16)
>6 h 118 (23)
Blood flow rate (ml/min) 191.8±35.2
Dialysate flow rate (ml/min) 474.9±109.8
Heparin (units/h) 281±339
Ultra‑filtrate (ml/h) 242.1±279.3

Complications of dialysis
Hypotension 67 (13)

Outcome
Alive 23 (25.5)
Died 59 (65.5)
Transferred out 8 (9)

Figures in parentheses are percentages

Table 3: Comparison of characteristics of survivors 
versus non‑survivors patients with acute renal failure in 
the intensive care unit

Survivors 
(n=23)

Non‑survivors 
(n=59)

P value

APACHE II score 19.5±6.05 24.0±7.6 <0.05
Age (years) 55.3±13.9 57.8±17.8 NS
No. of hemodialysis sessions 8.5±8.3 4.4±5.4 <0.05
ICU admission to HD start  
Interval (days)

10.4±22 5.15±7.85 NS

Prothrombin time (seconds) 20.2+7.6 26.5+18.6 NS
Partial thromboplastin time 
(seconds)

47.6+61 54.4+48.2 <0.05

Platelet count (1000 cells/mm3) 1.63+1.45 1.81+2.0 NS
Total white cell count (cells/
mm3)

15330+832 16487+12408 NS

Hemoglobin (G/dl) 8.50+1.27 9.8+2.64 NS
Blood urea nitrogen (mg%) 66.6+33.1 62.1+39.4 NS
S. creatinine (mg%) 3.7+2.2 3.3+4.4 NS
Urine output (ml/24 hour) 500+418 541+562 NS
S. sodium (mEq/L) 130+10.9 135+11.5 NS
S. potassium (mEq/L) 4.39+0.97 5.34+4.3 NS
S. bicarbonate (mEq/L) 13.4+5.6 14.1+7.3 NS
pH 7.29+0.16 7.19+0.03 <0.05
APACHE II: Acute physiological and chronic health, ICU: Intensive care unit, 
HD: Hemodialysis, NS: Non‑significant
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techniques of HD and CRRT in India. A recent randomized 
trial from India compared intermittent PD and continuous 
renal replacement therapy in a small group of patients in 
ICU.[14] The sickness profile of these patients was similar to 
that our study. In addition, this trial showed that patients 
in the PD group had comparable outcome to the CRRT 
group.[14] A recent meta‑analysis attempted to address this 
question noted no better survival with either modality, but 
there was significant heterogeneity in studies.[15]

Mortality of patients treated with RRT depended heavily 
on associated organ dysfunction and co‑morbidity, 
but for a general ICU population, the mortality was 
approximately 50‑60%.[1,2,12,13] which is also reflected in 
our study (58% at 30 days).

The strength of our study was a large sample size and 
it is the first study to describe the dialysis prescription 
details in India [Table 5]. In addition, none of the previous 
studies have described the treatment characteristics 
in detail. The limitations were retrospective nature, 
inadequate details of dosage, and duration of vasopressor 
use, lack of dialysis dose delivery measurement, and 
possible under reporting of adverse effects.

We conclude that modification of IHD by varying 
frequency of treatment, duration of HD, anticoagulation, 
ultrafiltration, blood flow rate, and dialysis flow rate 
may be a viable option for RRT in medical intensive care 
patients in developing countries.
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Table 4: Risk factors for non survivors with acute renal failure in the intensive care unit
Non‑survivors 

(N=59)
Survivors 

(N=23)
Odds ratio with 
95% confidence  

intervals 

Adjusted odds 
ratio with 95% 

confidence intervals n % n %
APACHE II score above median (>21.5) 33 56 7 30 2.9 (1.0‑8.4) 2.2 (0.7‑7.0)
No. of hemodialysis sessions below median (<3) 32 54 6 26 3.3 (1.2‑9.7) 2.0 (0.6‑6.5)
PTT above median (>37.5) 27 46 5 22 2.9 (1.0‑10.0) 2.5 (0.7‑8.5)
pH below median (<7.2) 46 78 12 52 3.2 (1.2‑9.0) 2.0 (0.6‑6.1)

Table 5: Comparison of studies in India of acute kidney 
injury in intensive care unit
Setting 
(Ref)

N Age Etiology RRT 
(%)

Mortality 
(%)

Comments

Tertiary 
care[9]

45 43.1 Hypotension 71 65 RRT 
characteristics 
unclear

Sepsis
Drugs

Tertiary 
care[10]

70 28.6 Surgery: 70% 74 90 RRT 
characteristics 
unclear

Medical: 30%

Tertiary 
care[11]

46 44.9 Medical: 72% 54 63 RRT 
characteristics 
unclear

Surgical: 23%

Present 
study

92 56.5 Medical: 90% 100 58

RRT: Renal replacement therapy
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