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Number of nephrologists in India

Population of India =
1,324,171,354

GDB =1715 USD /CAPITA
Nephrologist-population ratio=
1: 715,768

Percentage of GDP spent
on healthcare by
government

1.5 -




Definition

Rapid deterioration (days) in renal function leading to :
- Reduced clearance of toxins (Bun, Creat)
- Altered regulation of electrolytes/Acid-Base (K*,H")

- Expanded extracellular volume



Acute Kidney Injury (AKI)

“»AKI has a strong impact on morbidity, mortality and resource
utilization regardless of etiology, setting or definition used.

«» There are virtually no therapies to reverse AKI.

*»* Therapies applied late have proved ineffective.

Kl; 2008 (73): 801



Deleterious effects of AKI on distant organs

Brain

e A GFAP
A Vascular permeability

Encephalopathy

AIL-1, IL-6, TNF-o
Neutrophil infiltration
¥ LV Fractional shortening
Myocyte apoptosis

yocy pop Lungs

AVascular permeability

Na* channels downregulated
Pulmonary edema

Alveolar hemorrhage

Liver
Endothelial cell apoptosis

AICAM-1, IL-6, TNF-o

Transaminitis

Neutrophil infiltration A

Oxi_dative stress _ A4 A lctastinas

AKl results in remote organ injury to the heart, lungs,
liver, intestines, & brain & leads to an increase in cytokines, leukocyte trafficking,

organ dysfunction, apoptosis, & necrosis

SC.Yap, Anesthesiology 2012; 116:1139—48
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Chertow et ai. JASN 2005



Management of Acute Kidney Injury

BPBox 4: Management principles inn acute renal
fasisluare

e Identify and correct pre-renal and post-renal factors
= OOptirmiise cardiac outpruat and renal bBlood flow

= Review drugs: stopp nephrotoxic agents: adjust doses
xrycd M1 onNnitor concentrations Wwhere appropriate

e AAccurzitcly monitor fluid balance zainnd dail v body
sweight

e Identify and treat acute complications
(hypoarkalaemia. acidosis, PrPulmmonary ococederns)

e Optirmise nutritionail su Prort: adequate calories,
mminimnmal nitrogenous waste PpProduction, potassitiri
restriction

e fdentify aand aggressively treat infoection: minimiscoc
incdyswelling lines:; remove bladder catheter if anuric

= Identify aand treat bleeding tenndency: Prrophyviaxis
with proton pump inhibitor or H, aanitaagonist, transfiuase
if required, avoid aspirin

Initiate dialysis before uremic complications emerge

Hilton: BMJ 2006; 333: 786-790




Classification system for AKI — AKIN

Increase in serum Cr of > 0.3mg/dI(26.4 micromole/L
or increase to more then or equal to 150-200%(1.5-2
fold) from baseline

Increase in serum Cr to more than 200% to 300% (>2-
3 fold) from baseline

Increase in serum Cr to more than 300%(>3 fold) from
baseline (or serum Cr of more than or equal to
4.omg/dl(>354 micromole/L) with an acute increase
of atleast 0.5 mg/d|

<0.5 ml/kg/h for more then 6 hours

<0.5ml/kg/h for more than 12
hours

<0.3 ml/kg/h for 24 hours or anuria
for 12 hours

Mehta et al:Crit Care.2007 Mar 1;11(2):R31



Classic Indications for RRT

“»*Non-obstructive oliguria (>200 mL/12hr) or anuria

+* Azotemia (urea >30mmol/l) or uremic signs and symptoms — pericarditis, encephalopathy
“*Hyperkalemia (K+ >6.5 mmol/L) or rapidly rising K

+»*Severe acidemia (pH <7.1) from metabolic acidosis

“*Progressive and/or uncontrolled dysnatremia

“»*Uncontrolled hyperthermia and/or hypothermia (>39.5 C)

+*Clinically significant, diuretic unresponsive organ edema

+»*Drug overdose with dialyzable toxin

+»Coagulopathy requiring large amount of blood products




Techniques of peritoneal dialysis

Technigues of PID for AKT [19]

Technigue Description

ATPID MNost ofien used in the past. Freguent and short exchanges with volumes 1—2 T and dialysate
flowwsof 2— ST . h Fach session lasts 16—20 h. usuallsy tri-session per week The solute clearance is

Ii1ikelw inadeqguate due to its intermiittent nature.

Continuous I_ong dwells of 2—6 h with up to 2 1. of dialsy sate each (similar to CAPIY) The clearance of small
eguilibration molecules mas also be inadeqguate but clearance of middie molecules is possibly higher due to the
peritoneal ilong dwells.

dialsy sis (CEPIDD)

TP Ty pically imvoluves an imitial infission of 3 1. of dialiyvsate into the peritoneal cavity. A portion of
dialvsate. t1idal drain voelume (usuzalls 1—1 5 1)) is drained and replaced with fresh dialvsate (tidal
111 volume) The reserve volume abvwasy's Temains in the peritoneal cavity throughout the tidal

cwvcle.

Continuous therapy proposed 1o increase hich small solute clearances. Freguent exchances,

usualls with ovcler (1848 exxchanges per 24 h 2 1. per exchange). The total dialyvsate volume
range from 36 to 7O L a dav.
CEFPD In-flow and out-flow of dialy sate occurs simulitanecusly through two access routes. By inflow of

300 md1 mmin_ it 1s possible to achieve a high peritoneal urea clearance.

Volume
e

=== )| / A Y S
: ) / . Acute Intermittent Peritoneal Dialysis(AIPD)

TFPD /\ / avi \ L \//\/ s \/'\
: '] 1/\/\/\ VVVVVVVVVVVVYV \ Chronic Equilibrated Peritoneal Dialysis(CEPD)

([ _wveo ) //\/\/ V’\x \/\/\/\/\/\\ \/\/\/\/\J{\ \/\/\\ /\/\ . Tidal Peritoneal Dialysis(TPD)

/ Simultaneous and continouts INnflow and outflow \

[ CFPD ]

High volume peritoneal Dialysis(HVPD)

4>l Ime

Fig. 7. lllustration of the techniques of peritoneal dialysis used for patients with acute . CAPD/APD
Kidney injury.



Peritoneal Access

1.Rigid catheter
. . P T
Ease of insertion, cheap T T T 5 T 1 e | m———
High risk of peritonitis, catheter dysfunction, CATHETER
poor dialysate flow

2.Flexible catheter
Accommodate high dialysate flow rate, expensive

Subculansouns
Ut

gber
=kin

v A~y
%

,’,f

Subculanaous
cutt

Gabriel DP et al. Kidney Int suppl 2008:587-93
Gabriel DP et al. Perit Dial Int 2007;27:277-282



A CARDIAC SURGERY - VALVE REPLACEMENT ON PD
FOR AKI AT MMM HOSPITAL -ICU

———

Costof PD perday = 27.31031.8USD e _

Nursing Cost per day = 15USD Dianeal é = 4B Enteral Nutrition

Swan Neck Flexible Catheter - 50 USD '4‘ = = ’“ :

16 to 19 Litres in 24 hrs

UF =2.5t0 3.5 Litres on supports IABP 1:1

SB :/,86 to 103 mmhg
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CATHETER

ACUTEP.D INITIATED
4.5 2.5% 750ml 30min dwell

Total cost - Rs.35000.

TENCKHOFFSWAN NECK SERUM CREATlNlNE ACUTEPD

CONVERTEDTO CAPD
2.5% 1.5L 3hour dwell
7.5% 1.5L overnight

35
\ YT CAPDSTOPPED
3 _

Catheter
removed

Endomyocardial biopsy done

Re-explorationdone

for cardiac tamponade

0 T T T T T T T T T T T T T T T T T T T T T T T

o 1 2 3 4 5 6 7 8 g9 307 TY¥ F2 23 3 X5 36 <37 I8 39 200 23 22 23

Central line cathetertip culture -

POST OPERATIVE DAY Burkholderia cepacia.

24 25 26 27

28 29 30

‘1)Tacrolimus
1.5mg B.D
2)MMF1gB.D
3)Prednisolone

- CREATININE(mg/dl)

. TACROLIMUS
LEVEL (ng/ml)

Maintenance
immunosupp
-resion

Fig:- Endomyocardial

biopsy showing

nonspecific
inflammation.




RENAL REPLACEMENT THERAPY

&

L)

L)

¢ Use best available evidence to employ best practices in prescribing continuous kidney replacement
therapy — PD is a viable and cheap alternative.

*»*Measure performance and adherence to best practices for quality assurance and quality improvement
( Cost — Accessibility — Quality )

Adv Chronic Kidney Dis .2017;24(4):213-218
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Patient and practice-
dependent region of
variability

Survival %
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Dose of Dialysis

The putative dose-response relationship between dialysis dose and survival (adapted from Ricci [26]). In uraemic
patients who receive no dialysis, mortality is close to 100%. The probability of survival improves with dialysis. At
low doses of dialysis, increasing the dosage improves survival, but this effect eventually tapers off. Beyond a
certain threshold, further increments in dialysis dose will not reap further survival benefits.

From: Acute peritoneal dialysis: what is the ‘adequate’ dose for acute kidney injury?
Nephrol Dial Transplant. 2010;25(10):3155-3160. doi:10.1093/ndt/gfq178
Nephrol Dial Transplant | © The Author 2010. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.orgOxford University Press




Healthy Peritoneum

Scarred Peritoneum

Peritoneal cavity peritoneum

Cell-extracellular matrix

Fibroblast

Dextrose mms =

Osmotic
pressure
profile
Osmotic
filtration
Hydrostatic
pressure/
Driven flow

Blood capillary
Mesothelium .

Interstitium

50% osmotic UF +
Na-sieving during

@
hypertonic dwell ® ® °*

Small ™
Solutes —

50% osmotic UF +
small solute
transport

Small solute +
protien loss

Protien =

Capillary lumen

Aquaporin
(semipermeable
membrane)

Dense intercellular
fibers restrict
transport

Loose interceliular
fibers permit transport
of macromolecules

Glycocalyx

Higher glucose
concentration

Muscle cell

Osmotic profile

Water

flow . acea

flow

Muscle

transfer
unit < q
AQP4

<——— Peritoneum
C

Scarred
Absolute peritoneum

F re . [ ———

due to

ch i .
Dextrosc = = .
Osmotic
pressure
profile
Osmotic
filtration
Hydrostatic
pressure/ ———————>
Driven flow

Peritoneal cavity
d

Lower glucose
concentration

Cell-extracellular matrix
Fibroblast

uscle cells




Use of PD for AKI

**PD is still regularly employed in developing countries.

“+PD is an alternative when reliable power, clean water supply and facilities for water treatment are

unavailable.

“»*This is useful when major catastrophe damages the infrastructure.

“»*During disasters crush injuries are the next most frequent cause of death after direct Trauma.

¢+ PD can be life saving in this situation.



Jourmal List > Clim J Am Soc Nephrol > vwS(T103: 2013 Oct 7 > PRAC3S739336

Clhin J 2 Soc Nephrol. 2013 Oct 7 S(10): 1645 - 1660. PMCID: PRACI3ST2S32326

Published online 2013 Jul S._. doi: 10 229015/ 0N . O1S40233 PhalD:- 23833316

Use of Peritoneal Dialysis in AKIl: A Systematic Review

Chang Yin Chionh.”T Sachin S. Soni. = Fredric O_ Finkelstein.® Claudioco Ronco.™ and Dinna N Cry =207
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Flexible, cuffed PD catheter
percutancous/surgical inserton
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Adeqqualte resources
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Yes p— :
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Shock or liver failure

R . No
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Bicarbonate Standard dialysate

containinge
dialysate

——

S —

\\\3 it
Cycler: 36-434 litres with 2 litre fill veolumes
VMianual: =S5S0kg — 1.5 litre 2 hourly cycles
S50- 80kg — 2 litre 2 hourly cyclies

=>20kg — 2fitre 1.S hourly cycies

Consider change to 94 hourly cycles ornce

acidosis, pulmonary cedema and
hyperkalasmia resolueda

Acd Heparin SO0u S litre dialysate

—
—

—

S —

.
~——

\\

Standard dialysate
Target weeklhy Ko /v — 2.1
=4 0kes — 1 litre 2 howurly cycles
GU-GOKes — 2 litre 2 houwurly cycles
=60k — 2 litre 2 hourly oycles
Chanse to 4 hourly cvycles once
acidosis, pulmonary cedema and
hwperkalaemia resolved
Add Heparin SO0u JSlitre dialysate

Fluid overload with pulmonary cedema or severe hypertension — 4 25%4 dextrose
Mild fluid overload — alternate 1 .S9%940/2 25%, or use 2 .59
Euvolaemic or hypovoliaemic — 1 .59 dextrose

—

—

T ———

—

Optimum cars Measure potassium at least daily

I+ <=4 mmol/l add 3 mmol/! to dialysate
PAAinimum standard

Suggested dosing algorithm.




Acute peritoneal dialysis: what is the ‘adequate’
dose for acute kidney injury? @

Chang Yin Chionh ==, Claudioc Ronco, Fredric O. Finkelstein, Sachin S. Soni, Dinna N. Cruz

Nephrology Dialysis Transplantation, Volume 25, Issue 10, 1 October 2010, Pages 2155—
3160, https://doi.org/10.1093/ndt/efgl178
Published: 29 March 2010

Why is the use of PD for AKI declining?

PD utilization has markedly declined for various reasons especially in countries
with the resources to have all options at their disposal. The use of PD is
precluded in some circumstances, such as after major abdominal surgery or
trauma. The ultrafiltration (UF) volume cannot be accurately controlled with
PD, while current machines for EBP can exercise precise volumetric control.
There are also concerns that the presence of dialysate in the peritoneal cavity
may cause diaphragmatic splinting and result in higher ventilatory pressures in
mechanically ventilated patients. This is particularly detrimental to patients
who require lung-protective ventilation strategies to minimize lung trauma.
However, no study exists in the literature to examine the validity of such
concerns.




The main concern of many physicians is the possibility of
Inadequate clearance with PD

With the decline in the use of PD for AKI worldwide, the clinical experience of

the physician as well as the supporting statf in the use of this modality becomes
limited due to the lack of exposure.

Acute peritoneal dialvsis: what is the ‘adeguate?
dose for acute kidnevyv injurvse

e
LFIREE
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= Yinmn Chionh ===_Claudio Ronco., Fredric O. Finkelstein, Sachin S. Soni, Dinmna N. Craz=
Nepfrrofogy Diaglfyvsis Tramsplfiaonmniatior, Volume 25| Issuses 10, 1 Octobesy 201 0. Pacses 2155 —
160, https—//fdoi.or=,/10_ 1032 /ndt/ =gl rs

Published: 29 March 20310



RRT MODALITY ON MORTALITY IN PATIENTS WITH AKI

PD EBP Odds Ratio

Events Total Events Total M=H, Random, 959% CIi

A Cohort Studies
Hadidy 1989 O 4 25 77 C
Chow 2007 (A) a8 12 2 3 1
Kumar 1990 25 42 2 3 o
Chow 2007 (B) 12 26 A O
Werb 1979 9 13 12 19 1
1
O
1
O

.23 [0.01, 4.41]
00 [0.07, 14.64]
74 [0.06, 8.77]
29 [0.03, 3.12]
.31 [0.29, 5.89]
71 [0.53, 5.47]
45 [0.20, 1.00]

87 [0.90, 3.88]
.96 [0.53, 1.71]

Bellomo 1995 12 16 218
Mahajan 2006 46 95 25 37
Watcharotone 2011 47 62 52 83
Subtotal (95% CI) 270 444
Total events 159 260
Heterogeneity: Tau? = 0.18. Chi? =965, df =7 (P =0.21); 17 = 27%
Test for overall effect: Z2 =0.15 (P = 0.88)

B Randomized Studies

Arogundade 2005 O 4 <1 Not estimable
George 2011 18 25 25 0.49 [0.12, 1.85]
Phu 2002 17 36 34 5.19[1.64, 16.44]
Gabriel 2008 35 60 s0 1.23 [0.60, 2.52]
Subtotal (952 CI) 125 123 1.50 [0.46, 4.86]
Total events 70

Heterogeneity: Tau*=0.77. Chi*=7.29,df =2 (P =0.03); = 73%
Test for overall effect: Z2 = 0.68 (P = 0.50)

3

| i

L) ] |

0.001 0.1 1 10 1000
Favours PD Favours EBP

Effect of renal replacement therapy modality on mortality inpatients with AKI grouped by study design. The pooled odds ratiowith
95% confidence interval (959 CI) was calculated using the Mantel-Haenszel (M-H) random effects model. (A) Cohortstudies. (B) Randomized
studies. EBP, extracorporeal blood purification; PD, peritoneal dialysis.

Use of Peritoneal Dialysis in AKI: A Systematic Review

Chang Yin Chionh, *° Sachin S. Somi.* Fredric . Finkelstein,® Claudio Romnco,*™ and Dinmna ~N. Cruz~



Use of Peritoneal Dialysis in AKIl: A Systematic Review

Chang Yin Chionh,*" Sachin S. Soni,* Fredric O. Finkelstein,® Claudio Ronco,*” and Dinna N. Cruz""

Reported indicators of dose of peritoneal dialysis

Reference Std-Kt/Vre (per wk) Kires (Mml/min) Ker (ml/min) PD Volume (L/d)
Ponce (17) 3.5+0.68 NA NA 32.0—-44 0
Kilonzo (6) NA NA NA 7.5
Ponce D (18) 3.6 NA NA NA
George (28) NA 94+49 105+6.1 NA
Gabriel (10) 3.6+0.6 16.1+40" NA 42 8+5.72%
Gabriel (27) 39+0.6 17350 158*+42 432+5.1°
Arogundade (34) NA NA 81+28 S0+0.6
Phu (33) NA NA NA 70
Chitalia (26) 1.8-2.4 10.6—-19.8 5868 13.0-263
Thongboonkerd (25) NA 29 6 23.9 26.7
Trang (24) NA NA NA 48.0
Sonnenblick (22) NA NA NA 48.0
Indraprasit (21) NA 123 NA 24 0-36.0
Cameron (19) NA NA NA 40.8

Dose is represented by the standardized weekly Kt /V,, ., (5td-Kt/V .}, urea clearance (K, ., ), creatinine clearance (Kc,), and volume
of PD effluent per day (PDvolume). The dose is listed according to how the original article had presented thedata: mean, mean = SD, or

range. PD, peritoneal dialysis; NA, results not available.
*Information obtained from correspondence with authors.




Nutrition and AKI

Figure 1: Serum albumin, BUN levels and Ser.Creatinine Figure 2: Algorithm for deciding feeding options in ARF

in hypermetabolic patients

Creatinine
Albumin X Total protein (TP)

Expon. (Urea) Expon. (Creatinine) ; . /eplacement Therapy
Expon. (Albumin) — Expon. (Total protein (TP) ; Conservative Mgt ;

; 0.55 - 0.6g protein/kg/day; HD, PD, Haemofiltration; || CVVH, CVVHD, CVVHDF:
1000.00 4 " HBV important 1.0 - 1.5g protein/kg/day

Logarithmic transformation of Lab Data _—J—_l_
| Yes
—— Urea -
A

1.5 - 2.5g protein/kg/day

Functioning Gl trac lmpaired Gl motility |

No Yes No

‘—| Parenteral Nutrition —

Enteral Nutrition

R e e T e e

10 20 30 40 ¢ Increase to 0.8g/kg/day if
BUN<~36mmol/L

Individual Patient data - 1 to 50

Karupaiah T, JPD 2008;15:18-27



Conclusion

“»»Cost benefits of PD are related to both medical and economic effectiveness.
“*Major predictors of survival are age, diabetes, cardiovascular disease, anuria.
“*High volume automated PD for AKI Is a good alternative to intermittent HD.

“*PD has low cost and hemodynamic tolerance to treat CCF with variable severity
of AKI

s Can be converted to CAPD if recovery Is prolonged and can be used as a home
therapy.

*+PD has a higher clearance of large molecules than HD.






