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Preoperative

SAP 180 mmHg
DAP 110 mmHg

Intraoperative

MAP not lower than
25-30% of awake

Postoperative

Resume antihypertensive drugs upon
oral intake or substitute (IV)

ECG, Serum
Creatinine,
Electrolytes
(Diuretics) search for
target organ damage

Attenuate sympathetic
response to
laryngoscopy (or use
laryngeal mask)

Measure blood pressure every 5-15 min
first hour then every 30 min until 3 h
postoperative

Diuretics?, ACEI, ARB

(heart, brain, kidney)

Antihypertensive Consider use of Treat postoperative hypertension to MAP
Drugs; continue day noninvasive cardiac >100 and < 130 mmHg and HR 50 BBM;
of surgery: output monitoring Metoprolol: repeat 2-5 mm bolus (IV);
B-blockers, CCB and near-infrared Labetolol: repeat 10-20 mm bolus (IV);
stop day of surgery: spectroscopy (NIRS) Nicardipine: 0.5-1 ug/kg/min (IV);

Nitroglycerine: 0.1-5 ug/kg/min (IV)
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(Hypertension Crisis During Surgery)
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BLOOD PRESSURE SYSTOLIC mm Hg DIASTOLIC mm Hg
CATEGORY (upper number) (lower number)

ELEVATED 120-129 and LESS THAN 80
HIGH BLOOD PRESSURE
umm 130 -139

HIGH BLOOD PRESSURE
(HYPERTENSION) 140 OR HIGHER 90 OR HIGHER
STAGE 2

HYPERTENSIVE CRISIS
(consult your doctor HIGHER THAN 180 HIGHER THAN 120
Immediately)
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Definitions

s Hypertensive = Hypertensive emergency
crisis y
A |l_x|"|‘r'lr'i'|».i\'l-
urgenc

L‘.[I!L‘I';_’_t:llk:_\'

s Hvpertensive s Malignant hypertension
Old term, varyine definitio
unlikely to find in recent g elines

Severely elevated blood pressure

papilleden

acute nephropathy
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Recommendations for Hypertensive Crises and Emergencies

References that support recommendations are summarized

1. In adults with a hypertensive
emergency, admission to an intensive
care unit is recommended for continuous
monitoring of BP and target organ
damage and for parenteral administration
of an appropriate agent (Tables 19
and 20)_5u 215022
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Recommendations for Hypertensive Crises and Emergencies

(Continued)
Recommendations

2. For adults with a compelling condition

(ie, aortic dissection, severe preeclampsia
C-E0 or eclampsia, or pheochromocytoma crisis),
il SBP should be reduced fo less than 140
mm Hg during the first hour and to less than
120 mm Hg in aortic dissection.

3. For adulis without a compelling condition, SBP
—_— should be reduced by no more than 25% within
C-E0 the first hour; then, if stable, 1o 160/100 mm Hg
within the next 2 to 6 hours; and then cautiously
to normal during the following 24 to 48 hours.
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Table 19. Continued

Class Drug(s) UUsual Dose Range Comments.

Adrenergic Esmolol Loading dose 500-1000 mcg/kg/min over 1 min Contraindicated in patients with concurrent beta-blocker
blockers—beta, followed by a 50 fkg/min infusion. For additi therapy, bradycardia, or decompensated HF.

receptor selecive dosing, the bolus dose is repeated and the infusion Monitor for bradycardia.

antagonist increased in 50-mcg/kg/min increments as needed to a May worsen HE.

Adrenergic blockers— Labetalol

maximum of 200 meg/kg/min.

. Initial 0.3-1.0-mg/kg dose (madmum 20 mg) slow IV

Higher doses may block beta, receptors and impact lung
function in reactive airway disease.

(Contraindicated in reactive ainvays disease or chronic obstructive

combined aipha, and injection every 10 min or 0.4-1.0-mg/kgh IV infusion up | pulmaonary disease. Especially useful in hyperadrenergic
nonselective beta 10 3 mg/kg/h. Adjust rate up to total cumulative dose of syndromes. May worsen HF and should not be given in patients
recepior ankagonist 300 mg. This dose can be repeated every 4-6 h. with second- or third-degree heart biock or bradycardia.
Adrenergic Phentolamine | IV bolus dose 5 mg. Additional bolus doses every 10 min | Used in i ies i d by holami
blockers— as needed 1o lower BP to target. excess (ph i i i
nonselective alpha oxidase inhibitors and other drugs or food, cocaine iodcity,
receptor antagonist amphetamine overdase, or clonidine withdrawal.
Dopamine,-receplor | Fenoldopam  Initial 0.1-0.3 mcg/kg/min; may be ini Contraindi in patients at risk of increased infraocular
selective agonist of 0.05-0.1 meg/kg/min every 15 min until target BP is pressure {glavcoma) or intracranial pressure and those
reached. Maximum infusion rate 1.6 meg/kg/min. with sulfite allergy.
ACE inhibitor Enalaprilat | Initial 1,25 mg over a 5-min period. Doses can be Contraindicated in pregnancy and should not be used in

BP indicates blood pressure; CCB, calcium channel blocker; HF, heart failure; IV, i

increased up to 5 mg every & h as needed to achieve
BP target.

acute Ml or bilateral renal artery stenosis.

Mainly useful in hyp ies associated with
high plasma renin activity.

Dose not easily adjusted.

Relatively slow onset of action (15 min) and unpredictabllity
of BP response.
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Table 20. Antihyp: Drugs for Treatment of Hypertensive Emergencies in Patients With Selected Comorbidities
Comorbity | preferred brugisy Comments
Acute aortic dissection Esmolol, labetalol Requires rapid lowering of SBP to <120 mm Hg.
Beta blockade should precede (eg, ni pine or nitrop )
administration, if needed for BP control or to prevent reflex tachycardia or
inotropic effect; SBP <120 mm Hg should be achieved within 20 min.
Acute pulmonary edema Clevidipine, nitroglycerin, Beta blockers contraindicated.
nitroprusside
Acute coronary syndromes Esmolol, t labetalol, nicardipine, Nitrates given in the presence of PDE-5 inhibitors may induce profound
nitroglycerint hypotension. Contraindications to beta blockers include moderate-
to-severe LV failure with pulmonary edema, bradycardia (<60 bpm),
hypotension (SBP <100 mm Hg), poor peripheral perfusion, second- or
third-degree heart block, and reactive airways disease.
Acute renal failure Clevidipine, fenoldopam, NA
nicardipine
Eclampsia or preeclampsia Hydralazine, labetalol, nicardipine | Requires rapid BP lowering.
ACE inhibitors, ARBs, renin inhibitors, and nitroprusside contraindicated.
Perioperative hypertension (BP =160/90 idipine, esmolol, nicardipi perative hyp is most frequently seen during anesthesia
mm Hg or SBP elevation >20% of the nitroglycerin induction and airway manipulation.
preoperative value that persists for >15 min)
Acute i; discharge or ¢ i Clevidipine, nicardiping, Requires rapid lowering of BP.
excess states (eg, i
carofid endarterectomy status)
Acute ICH Section 9.4.1 Section 9.4.1
Acute ischemic stroke Section 9.4.2 Section 9.4.2

*Agents are listed in alphabetical order, not in order of preference.
‘tAgent of choice for acute coronary syndromes.

ACE indicates ting enzyme; ARB,
PDE-5. type-5; and SBP, systolic blood pressure.
References:

in receptor blocker, BP, blood pressure; bpm, beats per minute; ICH, intracerebral hemorrhage; LV, left
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(Major Surgery in Kidney Transplant Recipient)
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Major surgeries

Cardiothoracic Surgery CABG; Valvular Surgery
Intraabdominal Surgery Bariatric Surgery; Major Intraabdominal Surgeries
Urologic Surgery Radical Cystectomy; Radical Prostatectomy; Nephrectomy
Orthopedic Surgery Hip or Knee Replacement
Neurosurgery Spinal fusion Surgery
Gynecology Surgery Cesarean Section; Total Abdominal Hysterectomy
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Serum Creatinine = 1.5 mg/dL (eGFR = 37 cc/min)

HbA1C =7%

Hb = 11.3 g/dL

Platelet Count = 180,000

Cyclosporine Level (C) = 50 ng/mL

Everolimus Level (C ) =5 ng/mL

AST =12 1IU/L, ALT =15 IU/L

Na*, K*, Ca**, Mg*": within normal limit

PT, PTT, INR, CT, BT: within normal limit

Urine Analysis: Protein = 2+

U/C: Negative
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Operation Recommended Antibiotic Comments
Cefazolin for CABG; Vancomycin for
Cardiothoracic valvular surgery Continue prophylaxis for up to
Surgery If patient has 3-lactam allergy: clindamycin 72 hours.
or vancomycin
Cefazolin
Vascular
Surgery If patient has 3-lactam allergy: clindamycin
or vancomycin
Oral: if available neomycin+ metronidazole Combination of oral and
Colon Surgery parenteral prophylaxis may
Parenteral: Cefazolin + metronidazole result in lower wound infection
Cefazolin
Hip or Knee
Arthroplasty If patient has 3-lactam allergy: clindamycin
or vancomycin
Gynecology Cefazolin Metronidazole monotherapy
Surgery can be used.
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1. Hydrocortisone 100 mg every 8 hours for 24 hours, initiated at the time of surgery

2. Methylprednisolone 25 mg IV every 6 hours for 24 hours
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WBC = of 18800 cells/mm® (95% Neutrophils)
Hemoglobin = 13.7 g/dL
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Serum Creatinine = 1.9 mg/dL (Range: 0.7-1.2 mg/dL)
Lactate Dehydrogenase = 646 U/L (Range: 155250 U/L)

Total Bilirubin = 2.2 mg/dL (Range: 0.3-1.2 mg/dL)
Direct Bilirubin = 0.4 mg/dL (Range: 0-0.2 mg/dL)
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Budding Yeast Organisms on KOH Stain: A Cryptococcal Antigen Titer = 1:2048.
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T =39 °C, HR = 110, BP = 80/50 mmHg

Physical Exam: Peripheral Edema = 2+

CVP =14 mmHg

ECG: No Finding in Favor of Acute Ischemia, Frequent PVC

Cardiac Ejection Fraction = 40%

WBC =20,000/pL, BUN =65 mg/dL, Cr =1.1 mg/dL, Na =138 mEq/L, K= 3.8 mEq/d
Lactate = 6.2 mmol/L
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TasLE 1: Conventional indications for renal replacement therapy.
1.1. Fluid overload resistant to diuretic therapy
1.2. Metabolic acidosis (pH < 7.15) refractory to medical management
1.3. Hyperkalaemia (K> 6.5 mEq/L) refractory to medical management
1.4. Uraemic symptoms or signs (encephalopathy, pericarditis, and bleeding diathesis)
Other important indications for RRT
1.5. Poisoning with a dialyzable drug or toxin
1.6. Hyperthermia refractory to regular cooling techniques
1.7. Life-threatening electrolyte derangements in the setting of acute Kidney injury
1.8. Progressive azotaemia or oliguria unresponsive to medical management

AL L Gloys 9,8 slapgemlSonil -\ Jyuor

< 100 4
;-‘ Log-rank test, p=0.005;
% HR=0.617 (95% CI, 0.439-0.866)
9 80 1 Delayed RRT
5 .-
2 60 - e
@ ,o-
) -
g Early RRT
= 40
o
2
© 20

O -

1 1 1 I 1 1

1 1 1 1 I |
0 1 2 3 4 5 6 7 8 9 10 11 12
Patients at risk Months since randomization
Delayed 119 69 59 54 51 48 46 44 44 41 38 35
Early RRT 112 78 69 68 64 62 62 61 60 59 56 56

Fig. 1 Kaplan-Meier analysis of overall mortality in the early versus
delayed RRT groups in the ELAIN-AKI trial. There was a statistically
significant difference showing improved survival in the early versus
delayed group.? AKI, artificial kidney initiation; ELAIN, effect of early
versus delayed initiation of renal replacement therapy on mortality in
critically ill patients with acute kidney injury; RRT, renal replacement
therapy.
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Tanre 2: Early versus Delayed RRT strategy: a comparison of ELAIN, AKIKL and IDEAL-ICU studies.

ELAIN (23) AKIKI (24) IDEAL-ICU (5)

Design
Selting

Population

(i) Main inclusion criteria

(i) Main exclusion criteria

{ii) No. Of patients

Baseline characteristics

{i) SOFA score (carly vs delayed)
(1) APACHE 1l score (carly vs
delayed)

Intervention-early RRT

Control-dedayed RRT

RRT roquirement in delayed
group (%)
Method of RRT

Primary oulcome

{i) Mortality in carly vs delayed
RRT

(1) P value

Secondary onlcome

{i) Duration of RRT early vs
delayed (median days)

{ii) Ongoing requirement for
RRT

RCT
Multicentre (29 1CUs)

RCT
Single centre
Predominantly postoperative
patients; 47% post candiac
SUrgery.

RCT
Multicentre (31 1CUs)

Predominantly medical patients

with septic shoch Patients with septic shock

(i) Failure stage of RIFLE criteriax:
Oliguria {urine output <0.3ml
per kilogram of body weight per
hour for =24 hours), Anuria for
12 hours or more, of a serum
creatinine level 3 times the
baseline level or =4mg per
deciliter (2350 umol per litre)
(1) Septic shock <48hrs of
COMMENCing Vasopressor
support
End-stage renal disease and
obstructive nephropathy

(i) KDIGO stage 2
(i) NGAL> 130 mg/ml
(1) Critical illness including at
least one of severe sepsis/
VASOPrEssor support/refractory
fuid overload/SOFA score 2.

(1) KDIGO stage 3
(Crz354micromol/L or anuria
for »12hrs or urine
output<0.3 mbkg'he for 24 hrs)
(i) Critical illness (mechanical
ventilation or vasopressor)

Preexisting renal discase ¢GFR
<30 mlimin/1.73m2

Preexisting renal disease
CrCl < 30mlfmin/1.73m2

pill 620 488
15.6 vs 16 10.9 vs 10.8 122 vs 124
3006 vs 307 Not available (NA) Na

<Bhrs of AKI KDIGO 2 <6hrs of AKI KDIGO 3

Absolute indications (urea

<12hrs of failure stage of RIFLE

<12hrs of AKI KDIGO 3 or >d0mg/dl, K+36 mmolfl, H?l"'? of Ml ""qu"fr‘ldw ':.IFLE
absolute indication pPH <7.15, acute pulmonary criter “un " © indications
oedema, oliguria/anuria >72 hrs) reopiag
91 5l 62
CVVHDE Multiple modalities: >50% Multiple modalities: 45% initially
initially on THD on ITHD

AL S0 days: 39.3% vs 54.7%
0.03

At 60 days: 48.5% vs 49.7%
0.79

Al 90 days: 58% vs 54%
0.38

9vs 25 Na 4wl

At 90 days: 13% vs 15% Al 60 days: 2% vs 5%

No significant difference in
mortality between an carly and  No significant difference in 90-
delayed strategy for the initiation  day maortality between early and

Al 90 days: 2% vs 3%

Early RRT compared with
delayed initiation of RRT

Conclustan reduced mortality over the first of RRT therapy. A delayed strategy of RRT among septic
90 days. strategy averted the need for RRT shock patients.
in a large number of patients.
. - . .
AJLGA)QGMMSA—‘JLEAMUAJMLMYJS»
Tanee 4: Comparison of various RRT modalities.
THD SLED CRRT
Cost + ++ PN
2

o Ahrs daily 6-12hrs daily 24 hrs (though achieves 16 hrs on

ration gl

falternate days falternate days h
Continuous

Haemodynamic instability Least suitable Good Most compatible
Compatible with extracorporeal N "
life support o o Yes
In raised intracranial pressure Increases Can increase Usually no change
Anti-coagulation Can be omitted Can be omitted i I e RIS G

Serum concentration of renally
cleared drugs

Vascular access

Compatible with supporting large
volume infusions (antibiotics,

maintain <ircuit

Major fluctuations Some fluctuation Least fluctuation

lled or
catheter

AV fistula or
tunnelled catheter

Would need to be daily and

AV fistula or nontunnelled or
tunnelled catheter

or

No Most compatible

nutrition, ¢tc.) longer scssions

— " Could be compatible if done at Not compatible—would need to
Maobilisation Muost compatible sightrest time be discontinued
THD ;i ttent he dialysis; SLE! d low-efficiency dialysis; CRRT :continuous renal replacement therapy.

ks sla by, leil glas ¥ o)lals Jgu
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0.3+
024
0.1

0.0
. T T T T T T T T

Early strateg
Delayed strategy

Proportion surviving

p=079

No. at risk
Early strategy 3L 241 W07 194 179 172 167 161 158 157
a Delayed strategy 303 239 204 191 178 165 161 156 156155

10

09

08

0.7

0.6

05- Delayed strategy

04 o

03

0.2

0.1

cnl T T T T T T T T T T T 1
12 3 4 5 & 7 81216202428

Days

p<0.001

Proportion free from rental-
replacement therapy

Early strategy

No. at risk
Early strategy 31l 7 4 4 4 4 3 3 311000
Delayed strategy 308 268 229 192 153 135 1138 105 926139282113

Fig. 2 Kaplan-Meier analysis of overall mortality in the early versus
delayed RRT groups in the AKIKI trial. There were no statistically
significant differences when comparing the early versus delayed RRT
group. AKIKI, artificial kidney initiation in kidney injury; RRT, renal
replacement therapy.
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1.00
o
c
S 0.754
2
3
-
§ 0504 Delayed steategy
T
& Early strategy
E 0.25+
p=052
0.00 T T T T T 1
0 30 &0 90 120 150 180
Days since randomization
No. at risk
Delayed strategy 242 137 117 112 107 105 101
Early strategy 246 127 109 99 9% 92 92

Fig. 3 Kaplan-Meier analysis of overall mortality in the early versus
delayed RRT groups in the IDEAL-ICU trial. There were no statistically
significant differences when comparing the early versus delayed RRT
groups.'? ICU, intensive care unit; IDEAL, initiation of dialysis in early
versus delayed in the intensive care unit; RRT, renal replacement

therapy.
The IDEAL-ICU Trail asJlac : ¥ S5
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Urinalysis scoring systems

Prospective observational cohort studies with discovery
and validation cohorts for AKI cast scoring index®*
Grade 1—no casts or RTE

Grade 2—=21 cast or RTE but <10% of LPF

Grade 3—many casts or RTEs (10-90% of LPF)

Grade 4—sheet of muddy brown casts and RTEs in »90%
of LPF

Prospective observational cohort for development of
urinary sediment scoring system*

0 points—no casts or RTE seen

1 point each—1-5 casts per LPF or 1-5 RTEs per HPF

2 points each—=6 casts per LPF or 26 RTEs per HPF
Prospective multicenter observational cohort for derivation
of urine microscopy score™

0 points—no casts or RTE seen

1 point each—1 cast or 1 RTE per HPF

2 points each—2-4 casts or RTEs per HPF

3 points each—=5 casts or =5 RTEs per HPF

HPF=high power field; LPF=low power field; RTE=renal tubule epithelial cells
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Table 1| Biomarkers for S-AKI

Source tested

Known functions

Potential use in S-AKI

Marker of tubular injury
NGAL

KIM-1

L-FABP

Marker of cell cycle arest
[TIMP-2] - [IGFBP7]

Marker of endothelial
injury
Angiopoietins

VE-cadherin

Soluble

thrombomodulin

Marker of inflammation

Interleukin-6

STREM-1

Urine, plasma

Urine

Urine

Urine

Plasma

Plasma

Plasma

Plasma

Urine, plasma

NGAL chelates labile Fe released from damaged  Higher plasma and urine NGAL levels in patients with

tubules and prevents formation of hydroxy
radicals; upregulates heme-oxygenase-1

A lype-l membrane glycaprutem

receptor;
tubular injury and activates immune cells;
promotes apoptotic and necrotic cell clearance
and remodeling of injured epithelia
Cytoplasmic protein, transports free fatty acids to
mitochondria and peroxisomes for metabolism;
protects against damage caused by reactive
oxygen species; upregulated during ischemia-
reperfusion injury

TIMP-2 stimulates p27 expression, IGFBP7
increases the expression of p53 and p21, block
cyclin-dependent protein kinase complexes on

cell cycle promoation

Angiogenic factors for vascular development;
Ang-1 has been found to be protective by

vascular leak, which can worsen sepsis

forms adherens junctions

Thromkb dulin is a

e:ptess.ed on the surface of endothelial cells and

is rel i into the blood:

cells are activated.

A cytokine with a wide range of biological
activities; helps control the mdu:tuan of the acute

phase resp a

class switching
TREM-1 is an activating receptor selectively
expressed on the surface of neutrophils and
monocytes and associated with the i
response triggered by bacterial infection. (It ls
almost undetectable in noninfectious
inflammation.)

5-AKI compared with AKl due to other causes.
Plasma NGAL appeared to be useful for predicting
renal recovery at hospital discharge in patients with
S-AKL
Special concern: plasma NGAL increase in systemic
infection and inflammation without AKL; ability to
distinguish AKI from CKD by NGAL was also limited by
the low sensitivity and specificity values of NGAL
Data for KIM-1 specifically used for 5-AKI are limited.
Urinary KIM-1 at 24 h predicted S-AKl with an AUC of
0.91; the nonsurvivors had significantly higher level of
urinary KIM-1 at 24 and 48 h.

Urinary L-FABP levels at admission were significantly
higher in nonsurvivors than in survivors with 5-AKI
and may also reflect the severity of sepsis and monitor
the effectiveness of polymyxin hemoperfusion
treatment.

Prediction of AKI with AUC of 0.80." Levels did not
increase in nonrenal organ failures in sepsis [TIMP-2]«
[IGFEP7].

In patients with 5-AKl, plasma Ang-1 was significant
lower than in patients with sepsis but without AKL.™
Higher levels of Ang-1 were associated with lower
risk of AKI and higher levels of Ang-2 were associated
with higher risk of AKI and are an independent
predictor of 28-day mortality in ICU patients with

AKI requiring RRT.

Plasma VE-cadherin level at time of enrollment was
associated with severe AKI requiring RRT (OR: 6.44
per log increase in plasma VE-cadherin; 95% Cl:

1.126-36.847; P = 0.036).
Soluble thrembomedulin in a patient with sepsis at
ICU admission is an independent predictor for S-AK|
with AUC of 0.758.

Baseline interleukin-6 at admission predicted AKI in
patients with severe sepsis.

sTREM-1 may be produced locally by the endothelial
cells, tubular epithelial cells, or infiltrating

y cells during acute tubular
necrosis. In patients with sepsis, urine STREM-1
at ICU admission predicted AKI at 48 h with AUC of
0922, Diagnostic value for 5-AKl: AUC of 0.794 for
plasma and 0.707 for urine; predictive value 24 h
before 5-AKI diagnosis: AUC of 0.746 for plasma and
0.778 for urine.
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Glomerular shunt capillaries
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Increased oxidative stress |
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Baroreceptor mediated
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Refractory shock Mutti-organ failure |

Increased vascular permeability
endotheilal dysfunction
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Meutrophil activation adhesion and
migration
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cardiotoxicity
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L+ Endothelium
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Filtered art. collold

AR 4

Pinocytosis

Proximal Tubule,
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Osmaotic Nephrosis

Blood Interstitivm Microvascular No effect on
T Vascular leak & odema abnormalities microcirculation
1+ Renal volume
T Intracapsular pressure .
T Central venous congestion
" Renal venous congestion Fluid therapy in
4 Renal perfusion pressure septic AKI:
< Renal blood flow Potential harm pathways
k- Glomerular filtration rate

Tissue oedema in an encapsulated organ Direct fluid |
I Tubular dysfunction I

Glomerulus

Cellular
vacuolization

|

Progressive tubular
swelling/oederma

l

Interstitium

1 Cardiac output

T Oxidative stress
T Tubular injury

T Delivery of cytotoxic mediators
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Summary of trials of timing and dose of renal replacement therapy (RRT) in sepsis associated acute kidney injury (SA-AKI)

Indication for
Study study Comparisan Mo of patients with sepsis ‘Outcome and comments
Barbaretal™  Timing of RRT Ealhrslage septic shock patients with F.IFLE All 488 patients had septic shock Thits study, whichwas swuped ear‘,'mngiu Futility, found na
ik tostanting RRT duﬁemﬂceur y morality n earty am
verwsde\aycdslara[tcm&hlfnceded arm (54%). 38%in
dela\cedalmd»dn:!gnbniorecav@kk‘l
Payenetal'™  TimingofRRT  CVWHat 25 mifkg/h | d Al7E sepsis; 37 randomizedto  No impeovementin cutcomes with eary continuous RET. No
within 24 haffirst organ failure (including non-  CWWH and 39 to usual care arm differencein 28 day martality (54% in CVVH group; 44% in usual
renal orga care group; P=0.10)
Guadryetal'™ TimingofRRT  Patientswith acute tubular necrosis and stage 2504311 randomized o earty start and No difference .wndammual(P 40.79). Patients randomized to
3 I randomized to immediate start of RRT 244/308 10 delayed am dilayed s ¥ miore likety 1o have ine
i ic or (1 L/diay off diuretics or 2 L/day with diuretics). More. pat:ems
respiratony desangement to stant RRT in earty initiation arm had infecticns (10% v 5%: P=0.03) and
hypophosphatemia (22% v 15%; P=0.03)
Zhangetal™  DoseofRRT Patient: & rand ve 50 All i , with 139 receiving ha differencein 28 (57. mvas 3%}0!90 (59.6%v. 63.3%)
orEsmi, jkg.hn[hemofmraLon 50mukgjnard &1 'e(amngssm Skgih i thi it is and a traditional
|nd|ca'.|un fr RRT (P0.05 for bath)
loannes- Doseof RRT Patientswith septic shock All 138 patient: ic shock, with 71 Mo dif in 0 day. mulll,’[Sé 1% 50.7%; P=0.53),
Boyau etal deubling of creatinine or 12 noulsofo iz receiving 35 mLffkg/h and 8 70 norin lator, ICU), of by days at 90 days. Despite
(IVOIRE) ™ randamized to receive 35 or 70 ml/kg/h miifkg/h . more bypop! ia occurred in high
dose group (Pe0.01)
Parketal™ Doseof RRT Patientswith sepsisand at least a doublingof Al 212 patient had sepsis, with 107 in40mL/  Nodifference in 28 day mortality (646.5% v 65,7 %; Pe(.50) or
= i 12w i wdomized  kg'hamn and 105 in 80 miL/kg/ham 90 day mortality (74 5% v 78.1%: P=0.60). No difference in
toreceie 40 or BOmL kg renal sunvival or cytokine concentrations between groups. Ho
difference in eleciralyte disturb ium, phosphate, or
magneium) between groups
Chungetal Daoseof RRT Bum patientswith septic shock and AKI (<200 All 37 patients had sepsis, with 14 in control Wa differencein ?Sda,’mnﬂalw[im& .’?2"’ P m‘x]mlen.ﬂ
(RESCUE)™ mL/hofurine for 24 h orincrease in serum am and 23 In 70 mL/kg/ham ch

creatinine of 2.0 mg/dLin men or 1.5 mg/dLin
‘women] randomized to receive 70 miL/kg/h of
CVVH for 48 h or usual care

electrlyte distubances between groups

AKl=acute kidney injury; CvWH=continuous veno-venous hemofiltration; K-U=intenrsive care unit; RIFLE=risk, injusy, Bilure, loss, end stage kidney disease.
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Table 2| Timing for RRT in S-AKI

Timing of RRT initiation

Percentage of
Trial Setting sepsls Modality of RET Early strategy Delayed strategy Outcame
Gaudry of ol Aduits, ICU 80 IHD/CRRT Median time 2 h (IQR: 1-3 h) Madian time 57 h BOR: 25-83 h) Mo difference in 60-day mortality
(AKNT) patients with AK) atter ordih  after N = 308 (51% (48.5% v 49.7%), post hoc analysls in
(malticenter) QR 27-5.9 h) after received RRT) patients with septic shock (56%)
dogumented KDIGO stage 3 showed similar results, more patients
AKL N = 311 with CRESI and hypophosphatemia in
early group, adequate diuresis with o
need for RRT were obierved earlier in
delayed group
Zarbock et ol Adults, ICU n% CWVHDF Median time 6 h 10R: 4-7 h) Median time 255 h (10R: Significantly lower 90-day mortality in
(ELAIN] patients, 47% afver documented KDIGO 188-403 h) afer documented early group (39.3% vi. 547%). no
with cardisc stage 2 AKL N = 112 KDAGO s1age 2 AK] (within 12 h after  difference in renal recovery at 90 days,
surgery (single KDIGO stage 3 AKI, N = 119 {91%  95% of study population were surgical
center) recetved RRT) patients and small number of patients
with sepsis.
In follow-up analysis found significantly
recuced rate of MAKE . (64.5% vi.
85.1%) and 1-year mortality (50.2% vs.
&3.8%) in early group.
Barbar eof al Aduhts, patients 100% IHDACRRT Median time 7.6 b (IOR Median time 51.5 h 10R: Mo difference in 90-day mortality (58%
HDEAL-ICL) with septic shock 44-115 h) after RIFLE-F, 34.6-59.5 h) after documented AKI i, S4%). more days of RAT and less
and severe AKI N = 248 or meet emergency RAT criteria RAT-free days in early group, maore
(multicenter) K =65 memoll, pH < 7.15, fhad patients with hyperkalemia in delayed
overloadl. N = 242 (51% received group, similar fluid balance, 29% of
RRT) patients in delayed group had
SPORLANEOS reCovery.
STARRT-AX] Adults, ICU NA HD/SLED/CRAT “Accelerated” initiation: RAT “Standard” initiation: participants NA
INCTD1557361) patients with will be initiated within 12 h will be monitored over 7 days to
severe AKI of fulfilling eligibdty identify indications for RRT (X =6.0
(RIFLE-|, oliguria, mmolA, bicarbonate =10 mmaold,
PNGAL =400 ng' Pa0,/Fi0; <200 and bilateral

mi (malticenten) infiltrates on COR, persistent AKI

72 h aher eligibiiny)

MK, Artificial Kitary Initiaticn in Kidrey Injury teial: CRBSL catheter selatad Bloodirasm idection. CRRT, camtimuous renal ieplacement therapy; CVVHDF, continuoun waavenous hemadafitsation: CXR, chest 2 ray, ELUM, Early
Werius Late Initiation of Renal Replacenment Tharagy n Crmcally I Patints With Acute Kadwy ngury ksl UL intensive ¢ire ut, IDEAL-ICU, Initiation of Dulysis Eaety Viersus Deliyed o the Interaive Care Und trisl, 910, intermattent
Pemediabysis: KOR, intercuartie range; KNGO, Kidney Disesse: kmpriving Global Outcomes: MAKT s, magor adverve kidney svents by M5 days: WA, not applicable; pHGAL plaima netrophd gelatinase avicxisted bpocain
RIFLE. Risk, inqury. Fasture. Loss of Kidney Function, End-Slage Kidney Disease claiification. RRT, el replacemant therapy. 5-AKL sepiis-aiecisted acute kidney injury, SLED, witsmed low effciency distyii. STARRT-AX, Standard
Werun Accelerated ieitlation of Dabyiis i Acute Kidrey Injury trial
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Timing for RRT in S-AKI

Timing of RRT initistion

Percentage of
Trial Satting sepsis Modality of RAT Early strategy Dalayed strategy Outcome
Gaudry ef al. Acdudtz, KU B0% HDVCRRT Median time 2h 006 1-3h)  Medlian time 57 h (O 25-83 h) Ho difference in 60-day mortality
(ARIKT) patients with AKI after ord3h  after N = 308 {51% {48.5% vs. 49.7%), post hoc analysis in
(malticenter) QR 27-59 h) after received RRT) patients with septic shock (S6%)
documented KDIGO stage 3 showed similar results, more patients
AL N = 311 with CRESI and hypophasphatemia in
early group, adeguate diuresis with na
need Tor RAT were observed earber in
delayed group.
Zarbock et al Adulis, KU 0% CWHDF Mexdian time & h (K0ft 4-7 h) Median time 25.5 h 00 Sigrificantly bower 90-day morality In
{ELAIN) patlents. 47% after documented KDIGO 18:8-40.3 h} after documented earky group [393% vs. 54.7%L no
with cardiac stage 2 AKL N = 112 KDHGO stage 2 AKI iwithin 12 hafter  difference In renal recavery at 90 days,
surgery isingle KDIGO stage 3 AKIL N = 119 (91%  95% of study population were surgical
center) received ART) patients and small number of patients
with sepis.
I fallow-up analysis found significarithy
reduced rate of MAKE,; (64.9% vi.
89.1%] and 1-year monality (50.2% vs.
G9E%) in early group.
Barbar ef al Acdults, patients 100% IHOVCRAT Median time 7.6 b (0f: Median time 515 h (Of: No difference in 90-day mortality (58%
DEALACUY with septic shock 44-11.5 h) after RIFLEF, 345-59.5 h) after documented AKI  vs. 54%), more days of RRT and bess.
and severe AK N =245 or meet emaergency RRT criteria FRT-free days in early group, more
imulticenter) K =85 mmoll. pH < 7.15, fluld pathents with hyperkalemia in delayed
overioad), N = 242 (51% received ‘group, similar fluid balance, 29% of
RRT patients in delayed group had
3PONEANSOUS NECOVEry.
STARAT-AK Acdudts, 1 WA WD/SLEDVCRAT  “Accelerated” initiation: RRT  “Standard” initiation: participants N
[NCTO1557361) patients with will be initisted within 12 b will be monitored aver 7 days to
severe AXI of fulfilling eligibility identify indications for FAT (K =6.0
[RIFLE-, oliguria, mmol, bicarbonate =10 mmoll,
PNGAL =400 ng/ PaDFid; <200 and bilateral
mi {multicenter) infiltrates om CXR, persistent AKI
=72 h after eligibility]
AKIKL, Artificial Kidney Initiation in Kideey ljery infection; CRFT, cant renal replacement therapy, CYWHLF, continuous venoveno hemodisitration; CXR, chewt xeay: ELAN, Farhy
Viersus Lane Inisiation of Tharapy in C 25 With Acute Kidney injury triak ICL, intensihee cane unit: IDEAL-CL, Iniistien of Dialysis Early Versu Deliyed in the Intenshe Care Uit triak IHD, issesmittent
hemnocdialysic IOR, interquartile range; KDNGO, Kidney Disease: mwmﬁm&mﬂmi o Pajor adverse kidney events by 365 days NA, not applicable: pNGAL, platma meutsophil gelatinase-associated lipocaling

AFLE, Risk, Injury, Fallure, Loss of Kidney Function, End Stage Kidney
Wersus Accelerated Initiation of Dalysis in Acute Kidney infury trial.

therapy; S-AK,  injuary; SLED), sustained low efficiency dialysis: STARRT-AKL, Standard
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Experimental therapies for 5-AKI

Treatment

Property/mechanism of action

Comment

Blood purification
High-volume
hemafilration

High cutoff membrane

Adsorptive therapy
Polymyxin B
hemoperfusion
CytoSorb

oXiris

HA-330

LF5 adsorbers

CPFA

Pharmacologic therapy
Human recombinant
alkaline pt b

Convection enhances removal of large molecule
proinflammatory cytokines
Large pore membrane (average 20 nm in
diameter) allows removal of large molecule

cytokines

Synthetic membrane coated with palymyxin B
that binds endotoxin

Porous polymer beads; adsorption of cytokines,
in, free h in, bilirubin/bile acid
Surface-treated ANEI membrane with PEl and
coated with heparin; adsorption of endotaxin and
cytokines

Neutral microporous resin; adsorption of

cytokines, complements, free hemoglobin

Synthetic polypeptide bound w0 pomus

of

No survival benefit, increased the rate of hypophosphatemia and
hypokalemia, reduced circulating cytokine level (see text)
Compared with conventicnal CRRT in patients with 5-AKl, the use
of high cutoff membrane significantly reduced circulating levels
of inflammatory cytokines and improved hemodynamics, but na
effect on monality was observed.' " Excessive amounts of
albumin were also lost.

p and manocyte and
phil function with ¢

¥ on survival
benefit {see text)
Reduce circulating IL-6, |mpwve hemodynamlcs. ne
survival benefit'*

Reduced SOFA score at 48 h.'" Ongoing RCTs are investigating
the effectiveness of this treatment (ENDaX, NCT0O1948778; oXiris,
NCTO2600312)

Impraved hemoadynamics and organ function, shortened ICU
stay, and reduced ICU mortality ©
A case serles In pahenls M{h gram-negative sepsis reported

vethid dises; ad

d plasma ion with prion and

d s and decreased endotoxin level
bu't no effect on surdval, ™ "
No sumval benefit, technical issue [clotted), high cost.'”
i RCTs are pending (COMPACT 2, NCTO1639664;

Y ¥

r‘","nl"and
il di such as extracellular

Angiotensin Il

Levocarnitine

Reltecimod {AB103)

adenosine triphn!phane. which is released by
mitechondria in response to inflammation
and hypoxia
Potent vasoconstrictor to increase blood pressure
(effect on efferent arterioles > afferent arterioles);

ROMPA, NCT02357433).

No significant improvement in short-term kidney function was
found compared with placebo use. Mortality at day 28 was found
1o be reduced with AP

Pilet study in patients with catecholamine-resistant shock
showed restored blood pressure and increase urine output.

patent without i of
chronotropic properties

tnhan:e farty acld entry into the mkochondrla
anti-infl . and antiapop
actions
CD28 antagonist prevents binding of bacterial
superantigens to the CD28 T-cell receptor

Sub analysis in patients with high-output shock with AKI
requiring RRT showed angiotensin Il associated with an
impraved survival and a higher rate of renal recovery.
Ongoing RCT aims to evaluate the effect of angiotensin Il on
hemodynamics and urine cutput in patients with S-AKI (ASK-IT,
INCTOO0711785)

Did not iImproved argan dysfunction in septic shack. ~ Ongeing
RCT aims to explore the effect of levocamitine as an adjunctive
treatment for patients with 5-AKl (CarniSave, NCTO2664753)
Ongoing phase 2 RCT of reltecimod versus placebo in patients.
with 5-AKJ; aims to assess recovery from AKl and safety (Phase 2
Study of Reltecimod Versus Flacebo in Patients With Sepsis-
associated Acute Kidney Injury, NCT03403751).

gz
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HYPOKALEMIA - DRUG INDUCED

TRANSCELLULAR | RENAL K T K LOSS IN

K SHIFT LOSS STOOL
Epinephrine Acetazolamide |Phenolphthalein
Pseudoephedrine | Thiazides Na polystrene
Salbutomol Loop diuretics |sulfonate
Theophylline Fludrocortisone

Ritodrine Pencillin

Verapamil Aminoglycoside

Chloroquine Amphotericin B

Insulin overdose |Cisplatin
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HYPOKALEMIA

Metabolic Metabolic
acidosis alkalosis

DKA Diuretic therapy
RTA Vomiting, NG

LGI loss( diarrhea, |Mineralocorticoid
laxative abuse excess

Salt-wasing Penicillin derivatives
nephropathy

Liddle, Bartter,
Gitelman syndromes
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24h-urinary potassium excretion ‘\‘

< 15 mmol/d (Ug:Ug, <1.5) =15 mmol/d (Ug:Up, =1.5) |

| .

o Gastrointestinal loss:
vomiting, diarrhea T blood pressure | ‘ | or « blood pressure |
* Hypokalaemic periodic
paralysis
T aldosterone to renin ratio (ARR), | aldosterone, | renin Plasma hICilTb_Uﬂ'dlt.‘
1 aldosterone N concentration
If: Ift:
Primary hyperaldosteronism renal wbular acidosis e gastric loss

« adrenal adenoma or hyperplasia . dllln.‘llclllsc
« hbilateral adrenal hyperplasia - ma_gnluslum
* adrenal carcinoma deficiency
-

.

Bartter syndrome
* |1-beta hydroxylase deficiency Gitelman
o | 7-alpha hydroxylase deficiency syndrome
* apparent mineralocorticoid

familial hyperaldosteronism
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Primary lesions Sporadic gene mutations (idiopathic)

Hereditary mutations (SLC4A1,
ATPEV181, and many others)

Secondary processes  Autoimmune
* Sjogren syndrome
* Systemic lupus erythematosus
* Rheumatoid arthritis
* Primary biliary cirrhosis
= Autoimmune hepatitis
Nephrotoxins
= Amphotericin B
* Lithium
* Trimethoprim
Miscellaneous
* Sarcoidosis
* Amyloidesis
* Obstructive urapathy
* Interstitial nephritis
* Pyelonephritis
* Primary hyperparathyroidism

* Intravascular volume depletion
of any cause

* Chronic kidney disease of any
cause

MNote: This list is nal comprehensive and includes only the commen and
most cinically important disease associations.
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Cr =3.4 mg/dL, BUN =50 mg/dL, Ca =7.9 mg/dL, P = 7.1 mg/dL, K = 6.9 meq/L
ABG: PH =7.24, HCO3 = 18.4 meq/L, PCO, = 34 mmHg, BS =100 mg/dL
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1-  Widening of the Paced QRS Complex

2- Increased Atrial and Ventricular Pacing Thresholds that May Cause Failure
to Capture

3- Increased Latency Manifested by a Greater Delay from Pacemaker Stimulus

to Onset of Depolarization
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10 mL 10% Calcium Chloride = 6.8 mmol Ca**

10 mL 10% Calcium Gluconate =2.26 mmol Ca**
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Dose Efficacy
10mg decreases serum K' by 0.53 - 0.88 mmol/l
20mg decreases serum K' by 0.66 - 0.98 mmol/|
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n of E ps K in exchange Non-specific binding of X' Selective K’ binding in
action for Ca™ in exchange for Ca™ sxchange for Na™
Site of action Distal Colon Distal colon Entire intestinal tract
Administration Oral or rectal Oral Oral
Dosing 15-60/ day 8.4-25.2 g/day 2.5-30 g/day
Onset of effect >4 hours 4-7 hours 1 hour
Etficacy Unpredictable and =1.0L mmol/l in 4 weeks = 1.1 mmal/l in 28 hours

variable [OPAL-HK] [25-003, Z5-004]
Median time to
normalisation of serum K°
s 2.2 hours [25-004)
< e G Gastrointastinal Gastrointestinal
effects Hypokelaehé disardars duorders
Hypokalaemia Hypokalaemia
Hypomagnesaemia Oedema
Serious adverse Calonic necrasis No episodes of coloni No episodes of colonic
effects perforation or necrosis perforation or necrosis
reported reported
FOA Approvasl 1958 2015 2018
NICE Appraisal N/A Pending Approved
Atatus
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Emergency Management of Hyperkalaemia in Adults
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Hb = 14.1 mg/dL, WBC = 14000, Platelet = 237000
K*=8.5meq/L, Ca =9.5 mg/dL, BS = 124 mg/dL
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Initial Approach
Follow ALS Algorithm

Give Medical Treatment for Hyperkalaemia During CPR as per Hyperkalaemic
Cardiac Arrest Algorithm

Refer for Expert Help

Use Mechanical Device for Chest Compressions

Preparation for Dialysis Initiation
If ROSC not achieved within 15 minutes consider initiating dialysis

Choose RRT Modality Depending on Local Availability
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Use Renal Trained Nurse (preferably two) to Deliver Dialysis Treatment
Prepare Dialysis Machine with a low K* Dialysate

Get vascular access (if necessary) whilst machine is being prepared - use femoral
vein with ultrasound guidance; easy access and away from CPR

Initiation of Dialysis during CPR
Give fluid bolus (250 mL) once connected to dialysis machine and record starting time

Started with pump speed of 100 mL/min and gradually increase aiming for 200
mL/min

Give anticoagulation unless contraindicated (e.g. history of trauma)

Check K" level every 15 min using arterial blood gas analyzer and monitor blood
glucose

Give further IV Calcium Chloride if resuscitation is prolonged

Defibrillation
When serum K* < 7.0 mmol/L, consider attempting defibrillation if shockable rhythm
Do not perform defibrillation during dialysis unless machine is defibrillation-proof

Disconnect patient from dialysis machine just before defibrillation, then immediately
reconnect

If ROSC achieved, resume dialysis until serum K* < 6.5 mmol/L to maintain ROSC

If ROSC not achieved, resume dialysis until serum K* < 6.5 mmol/L and attempt
defibrillation again if shockable rhythm

Post-resuscitation care
Re-assess serum K", blood glucose and ECG when ROSC achieved

Terminate dialysis when serum K* controlled (K* < 6.5 mmol/L) and cardiac
rhythm stable

Record time of termination of dialysis and serum K" at ROSC

Transfer to ICU
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Patients N Range Mean+SD
Hospitalized 1047 1-30 12+4
Volunteers 86 8-18 13+2.4
Blood donors 203 4-20 11+2.8

e From Clin Chem 22:643-646, 1976
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Common

Lactic acidosis
Ketoacidosis

Acute kidney injury
Chronic kidney disease
Methanol poisoning
Ethylene glycol poisoning
Salicylate poisoning

Uncommon

« Diethylene glycol poisoning
« Propylene glycol poisoning
« 5-Oxoproline acidosis

« p-Lactic acidosis
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Step 1: Identify the normal range for the laboratory per-
forming the analysis

Step 2: Correct the anion gap for serum albumin level

Step 3: Compare the corrected anion gap to the patient's
baseline anion gap

Step 4: Evaluate the patient's past & present kidney function
(as measured by creatinine and estimated glomerular
filtration rate) to determine the kidneys’ ability to actively
manage and clear an acid load

Step 5: Evaluate the osmolal gap

Step 6: Order serum alcohols (methanol, ethylene glycol,
propylene glycol) if the osmolal gap is elevated or if it is
“normal” and there is suspicion of alcohol ingestion

Step 7: Order serum lactate if there is suspicion of end-organ
hypoperfusion or a history of metformin or propylene glycol
use

Step 8: Order serum keto acids if there is suspicion of
malnutrition, starvation, or uncontrolled diabetes

Step 9: Order serum salicylate if aspirin use is known or
suspected

Step 10: Order p-lactate if there is a history of bowel resec-
tion, short bowel syndrome, or active inflammatory bowel
disease

Step 11: Order serum or urine 5-oxoproline if there is a
history of malnutrition and acetaminophen use
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Pathophysiology, classification and clinical presentation of RTA

Normal Proximal RTA (IT) Distal RTA(I)  Type IV RTA

o O O ¢ O O

Low N/high
present® Present Absent
Absent Present Absent
Normal Low Normal
Urine NH4+ Low/?Normal* Low Low
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Differential diagnosis of hyperchloremic acidosis

Hyperchloremic acidosis

NH4 ‘

| UNH4 | NH4

AT
M |
| |
055 0 Renal loss o Defect i Bicarbonae
bicarbonate bicarbonate regeneruticn
UpH

BETE |
Distal RTA T Proximal RTA I
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Table 1. Metabolic alkalosis: Mechanisms of -

Ingest and absorb or infuse NaHCO, or NaHCO, precursors (ie., Na acetate, Na citrate, Na gluconate)
Distal renal tubule HCO; generation through enhanced H* secretion
Generous delivery of NaCl (or other Na salts such as Na,50, or Na penicillin) to distal tubules / collecting ducts, which are actively
reabsorbing Na*
K" depletion (shifting H™ into cells)
Remove HC from body (vomiting /nasogastric suction/ chloride-rich diarrhea)

Table 2. The metabolic alkaloses

ECF volume contracted: urine chloride concentration <20 meg/L
Gastric alkalosis: vomiting/nasogastric suction
Chloride-rich diarrhea (congenital chloridorrhea)
Status/ postchronic hypercapnia (acute reversal of chronic respiratory acidosis)
Cystic fibrosis with major sweatin,
Thiazide or loop diuretics after renal tubule diuretic effect has dissipated
Some villous adenomas
ECF volume expanded: urine chloride concentration >20 meq/L
i  hy Idost ism (unilateral ad /bil 1 hyperplasia/ glucocorticoid-sensitive hyperaldesteronism)
Severe Cusﬁing syndrome (especially because of ectopic ACTH)

Reduced 11-8 (OH) steroid dehydrogenase activity
Chranic licorice/carbenoxelone ingestion
Congenital AME syndrome (11-8 HSD type 2 inaclivating mutation)
Renin-=secreting tumors
Some forms of congenital adrenal hyperplasia
11-B hydroxylase deficiency
17-a hydroxylase deficiency
Liddle syndrome
ECF volume contracted: bul urine chloride concentration >20 meq/L (generally indicates a renal tubule reabsorptive defect)
Thiazide or loop diuretics actively working
Bartter syndrome (defective Na reabsorption in loop of Henle, furosemide-like lesion)
Gitelman syndrome (defective Na reabsorption at the thiazid itive site)
Metabolic alkalosis: other
Severe potassium deficiency
Milk (calcium) alkali syndrome
NaHCO; loads with markedly reduced GFR

Refeeding after fasting

ECF, extracellular fluid; ACTH, adrenocorticotropic hormone; AME, apparent mineralocorticoid excess; HSD, hydroxysteroid
dehydrogenases
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Increased proximal renal tubule HCO, reclamation
Extracellular fluid contraction
K* depletion

Continuous or intermittent generation of new HCO,
In distal kidney tubules and collecting ducts
Gastric HCI losses
Exogenous alkali

Reduced HCO,; filtrali d d GFR/kidney failure
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1.Dietary deficiency: malnutrition, TPN, chronic alcoholism.

2.Gastrointestinal: chronic diarrhea, proton pump inhibitors (PPI), malabsorption. laxatives, short bowel
syndrome. intestinal fistulas, nasogastric suction, primary infantile hypomagnesemia, patiromer (a potassium
binder).

3.Renal wasting:

¢ Diuretics: loop and thiazide

s Diuretic phase of acute tubular necrosis (ATN) and post-obstructive diuresis
+  Bartter syndrome and Gitelman syndrome

*  Aminoglycosides

*  Cyclosporine A and tacrolimus

»  Epidermal growth factor receptor [EGFR] inhibitors such as cetuximab

* Cisplatin

*  Amphotericin B

¢ Pentamidine

* Foscarmnet

+ Congenital or acquired tubular defects

4.Redistribution: acute pancreatitis, hungry bone syndrome, refeeding syndrome, blood transfusions, insulin.

5.Endocrine: primary and secondary hyperaldosteronism, hyperparathyroidism, hyperthyroidism, diabetes

mellitus, syndrome of inappropriate anti-diuretic hormone secretion (SIADH).
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Neuromuscular Manifestations
* Tremors
+ Tetany, including positive Trousseau and Chvostek signs, muscle spasms, muscle cramps
* Seizures
+ Vertical nystagmus
+ Apathy
+ Delirium

+« Coma

Cardiovascular Manifestations

« Electrocardiogram changes, including widening of the QRS complex, peaked T waves, prolongation of the PR
interval

+ Atrial and ventricular premature systoles
« Atrial fibrillation
* Ventricular arrhythmias, including torsades de pointes

+ Cardiac ischemia

Other Electrolyte and Hormone Abnormalities
+ Hypocalcemia
* Hypoparathyroidism

* Hypokalemia
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Causes of Hypocalcaemia

e Vitamin D deficiency

® Renal insufficiency with impaired 1,25(OH)2D production
® Acute pancreatitis

Medical e Hypoparathyroidism

* Sepsis

¢ Hypomagnesemia

* Acute Rhabdomyolysis

® Post-parathyroidectomy

e Hungry bone syndrome after parathyroidectomy

Surgical
® Post-thyroidectomy
¢ Post-cardiopulmonary bypass
* Massive blood transfusion
e Infusion of phosphate, citrate or calcium-free albumin
Iatrogenic

e Radiographic contrast with Calcium chelators

¢ Inhibitors of bone resorption (bisphosphonates, plicamycin)
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c Elemental Osmolarity
Solution Calcium mOsm/L Drug Volume
Calcium Chloride 270 mg 2000 10 mL
Calcium Gluconate 90 mg 680 10 mL
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Are any of the following acute
symptoms or signs present?
® Carpopedal spasm
= Tetany
® Seizures
*® Prolonged QT interval

Yes

1
No

v

A !
(eg, paresthesias) acute hypocalcemia
(eq, after neck surgery)?

ic or mildly sy

[

r
Yes

A

1
No

v

What is the corrected
serum calcium?*

Asy ic or mildly d
(eg, paresthesias) chronic hypocalcemia

<7.5 mg/dL (1.9 mmol/L)
or ionized calcium
<3 mg/dL 0.8 mmol/L)

l—]—l

>7.5 mg/dL (1.9 mmol/L)
or ionized calcium
>3 mg/dL (0.8 mmol/L)

v i

Able to take and absorb

oral calcium supplements? 1

I—I—I

No Yes

¥ ¥ A

IV calciumA¢

Oral calcium and vitamin &
supplementation ¥

v

v

® Measure serum calcium initially every four to six hours
= Measure serum magnesium and replete if low
® Confirm normal serum potassium and replete if low

® For acute hypocalcemia, measure repeat
serum calcium in approximately 24 hours

® For chronic hypocalcemia, measure repeat
serum calcium in approximately 1 week

v

)

IV calcium g lly provides i relief of sy

and vitamin D when patient able to take and
absorb oral supplements&¥

Continue IV calcium with plans to switch to oral calcium

Serum calcium rises to lower end or
just below reference range and resolution
of paresthesias (if previously present)?

r 1
Yes No

v ¥

® Continue oral calcium and
vitamin D suppl jon¥

# Increase oral caldum supplementation by 1to 2 g

® Moniter serum calcium

(el tal calcium) daily in divided doses¥
® Measure serum magnesium and replete if low
= If no improvement, switch to IV calcium® and
evaluate for malabsorption (eg, post-gastric
bypass, celiac disease)
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Causes of Hypercalcemia

e Hyperparathyroidis

* Malignancy & Granulomatous diseases, sarcoidosis, tuberculosis
* Thyrotoxicosis

e Vitamin D intoxication

* Medications (thiazides, vitamin A, antiestrogens)

e Alterations in CaSR* function (lithium therapy)

e Adrenal insufficiency

e Immobilization

e End-stage renal diseases

¢ Familial benign hypercalcemia

¢ Endocrine disorders (adrenal insufficiency, pheochromocytoma, VIPoma)

e Idiopathic

*CaSR, calcium sensor receptor
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Clinical Features of Hypercalcaemia

Dehydration
Anorexia

Gastrointestinal
Constipation

Nausea and vomiting

Hypertension
ECG changes:
Reduced QT interval
Cardiovascular
Arrhythmias
Digitalis sensitivity

Cardiac arrest
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Polyuria

Polydipsia

Decrease Renal blood flow
Decrease Glomerular filtration rate
Renal
Interstitial nephritis
Nephrocalcinosis

Hypercalciuria

Urolithiasis

Blood Thrombosis

Anxiety
Dementia
Psychiatric Depression
Irritability
Psychosis
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Bisphosphonate | ;550 JoSe sloileys Jodo (yod 4y g 00l sad dslol el FA
;o 12mg/dL | S zhaso i3S Ta> WSlgie (pigd (ondS 090 o a8lol leys ol an
LS9 gl dpogs g bl 631 15U el mndS L0 jgk by celn id b

(Bisphosphonate) Cuigmd o

,o Pamidronate 60 to 90 mg, IV L 4235 V0 L ;» Zoledronic Acid 4 mg, IV gus 55 2925
ey 50 Jol il aldl ogd oo oolainl 00d)lagSS ¢ JoSo loys ylgins celn ¥ b
oyl aSGo)lse ;o ubl oo Pamidronate Cowns jlion &)u8 LJos Zoledronic Acid
Calcitonin ;jlsjen j292x5 5| yls5 oo Bisphosphonate (gl o)ls 9929 adS ol> L (o0
.0,S oolaiwl Denosumabsg

(Denosumab) g jgid

ads oLl olhlew jo 0)las geaS 75 Denosumab 4 Sl 4 a>g5 L
O=aye Olayd 10 g gy9-8 Loy ;0 60 mg SC 390 L gl ol 5| Bisphosphonate  ¢low
09 oo ool wl azan \Lg> L5 aw 2 60-120 mg SC

L yloyo [0

aSo3lge j3 00,5 @k |, VL sl (g5l (slalie g (o0 (ellg e (lag)lo
52 Olhlon 59 4l Gade il b mle L oogn 9l i)l poin)S condSynle oo
oS oo oolaiuwl Cinnacalcet 5l o il aibls og>9 553Jbs

3o gon

Al 0g2g dyad S5els e e Ly 05 > 18 mg/dL pamndS o 4S50 100 5o
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3 . Onset of Duration
Intervention Mode of action ) .
action of action
Isotonic saline Restoration of intravascular volume During
> Hours . .
hydration Increases urinary calcium excretion infusion
Inhibits bone resorption via interference
with osteoclast function
o 4 to6
Calcitonin 48 hours
Promotes hours
urinary calcium excretion
. Inhibit bone resorption via interference 24 to 72 2to4
Bisphosphonates . . .
with osteoclast recruitment and function hours weeks
Increase urinary calcium excretion via Durin
Loop diuretics* inhibition of calcium reabsorption in Hours 8
therapy
the loop of Henle
Decrease intestinal calcium absorption
Decrease 1,25-dihydroxyvitamin D Days to
Glucocorticoids production by activated mononuclear | 2 to5days weeks
cells in patients with granulomatous
diseases or lymphoma
Inhibits bone resorption via inhibition 4 t010 4to 15
Denosumab
of RANKL days weeks
Calcium-sensing receptor agonist,
Calcimimetics reduces PTH (parathyroid carcinoma, 2 to3days During
therapy
secondary hyperparathyroidism in CKD)
At 5 5 During
Calcimimetics Low or no calcium dialysate Hours
treatment

RANKL: Receptor activator of nuclear factor Kappa-B ligand; PTH: parathyroid hormone; CKD:
chronic kidney disease.

* Loop diuretics should not be used routinely. However, in patients with renal insufficiency or
heart failure, judicious use of loop diuretics may be required to prevent fluid overload during
saline hydration
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(Nephrology Consult in Patients Receiving Contrast Media)

Oyl (S 3 p gle olEEAN cale &lua ¢ IS5 gl dibole yiSa

b g Jod JLw Vv 5IYL a3 Lid g cols o axs Ll oy50 allw VU LS
Ly s (55 ez S g )Lasl b aew ansB o0 e 4y EF: 25-30% L 8
21,5550 auxlS 5 00l (g 5wy CCU o ACS (Acute Coronary Syndrome) a.seis
35t oplte (15505l plowil cogr ail oo Sdymil Yiaial 5 55, 39,0
e 393 o oaid Loayy SLss VY jo ) aolees o cul oad culgs o

1atboe ) g a0 CCU o (Sl
BP =115/ 65 mmHg, HR = 90 /min, Temperature = Afebrile, RR = 18 /min,

SPO2 = 97% (in room temperature)

: J‘QLA.AJ @)..a.n LSLQS)“)
Insulin Lantus and Novo Rapid

Lasix: 4 mg/hour
Captopril: 25 mg/bid
Atorvastatin: 40 mg/daily
Heparin: 1000 u/hour
Pantoprazole: 40 mg/daily
ASA: 80 mg/day

Plavix: 75 mg/day
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BS: 216 mg/dL, Albumin: 3.8, BUN: 90 mg/dL, Ca: 9 mg/dL,

Creatinine: 2.7 mg/dL (Previous Cr: 1.9), Uric Acid: 7.4, Na+: 137 meq/L,

Hb: 11.2, K+: 4.3 meq/L, AST: 46, ALT: 35

Al 1S eSS)eS 695 | imli8l g By b 1o po e e VY i)l colies
Cenlysyd (5590985 0pglitn ezl o0le il o g (81,5505 plosil gz j Lo (sl
Contrast Induced Acute Kidney Injury (CI-AKI) slogy| oz i S ol 00l

Js_w 4?-9.: ) oSS 4 Cw] ﬁ)y wb- oole u_el))b)| Az g J_J KAWARY 9

5 005 Su—wSgig a3 (Todinated Contrast Media, ICM) v gsl> coml> 0lg o

IS ey (ol b ol 1500 L (AKD (95 ol ol Lol el ailgs o

Loyl 5 )35 pagmed 5| dsy (CI-AKD) o>l osls 51 56 AKI .aig—zy (CKD)
Ailiee i Ol 5o g5=lS Sl ol b ole rag

3l sBee S lo solaiwl JLis 4y aS 05 oo 7 ytae (CI-AKD aueis Sk
iy &S Bl LBl 4l o, Shae enlS iy il Ly gl o gl ozl olss
S0 5 i Sl L el FA 0 0.3 mg/dL 51 iion puis], S Liolidl &g o
051 S ol e (EalS Ly g el 0sls g 5l s, Vs o adsllociie
cley (B g jlam Sl T oae 4 a8 (o (g 015 2 (ol ) (e
g g0 oS
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™) 213 Ollass 53 (55599, 5Lae glina saniy Juad

JOVSPTSIIE
el oole )35 4 by ye (slaygiS b St
o b B3| o laygiSs S, 1|
55 e by boszg -)
cobs Y
Yoo Y
Ol 800 (48 2« S50 Bpamn ¢ o olgg Lo (yganlilap Lonsg <Y
el
loghes -V
B5GIL ) i s oaesdl A

u}b chod.g.la}g)A 6[.&»9,\5[3 x_iwg.) -

(5T 3 3 e sty 515 (5 b i 39) s 315 G5 )
YU SdVgeusl Y

Vb ahjeSimyy -V

o Vol e ¥

el VY-FA 5l S alols 4 ol oole 5l sasie oolaiwl -0

PSS 39,85 slg,lo 5l ool iz
(NSAIDS) suads il e oledlas olag,ls =)
ooy ;sSelSsine  -¥

(CND) (o ygimandS 005 o glagylo -Y



S5 9-83 sLae, gldio vvY

Rl L amlio o gyt Jloiml Ly (Sadlgiil 5 530,8 Gore (855050
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10 099 Syee0 5 eoliiwl e ay yguwliljiums g ol

Class Agent Osmolality
. Iothalamate
. Tonic L
High-Osmolar Diatrizoate 1,400 - 2,000
Monomers .
Metrizoate
Tohexol
Nonionic Toversol
Low-Osmolar Monomers Iopamidol 600 - 800
Ionic Dimer Iopromide
Ioglaxate
L Todixanol
Iso-Osmolar Nonionic 300
Totrolan

>l oobe glgil 1Y Jou

Parameter Score

Hypotension 5

Intra-aortic balloon pump 5

Congestive heart failure 5

Diabetes 3
Contrast media 1 for each 100 mL

Age > 75 years 4

Serum Creatinine > 1.5 mg/dL 4
Anemia 3
eGFR< 60 mL/min/ 1.73 cm2 2

Score CIN Risk (%)
<6 7.5
6-10 14
11-16 26.1
> 16 57.3

Mehran et al.’s Risk Sore for Contrast-induced Nephropathy :Y Jga>
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5 x Body Weight / 88.4 x Serum Creatinine (mmol/L)
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Angiotensin-converting Enzyme (ACE) Inhibitors. Cyclooxygenase-2 Inhibitors.
Shlow ;0 ) AKT o o6 Swgd g 0 3315wl 05l Metformin. NSAIDs. Antivirals
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(Heart Failure and Kidney Disease)
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:CCU )Q tﬁf‘aﬁ L_ngs)‘Q és_wsa O)BL&A
ASA: 80 mg, Losartan: 50 mg (bd), Amp Lasix: 10 mg/h

Sprinolacton: 25 mg/d, TNG: 5 mcg/min, Heparin: 1000 u/h, Plavix: 75 mg,
Atorvastatin: 40 mg/d

BP =105/70, RR = 30/min, T = 37 °C, PR = 100/min, O2 sat = 90% (3lit, O2Nasal)
plosl pol g JVP =9 emH 0 9 S3 :ed8 paw (Lo 4, VY 1) tlovay ;) poms aglasys
Syle +Y Sl
b oo 5 4 Slinlejl g oo e YO+ 1alidS Celw Y ol oz

BUN = 100 mg/L, Na = 125 meq/L, Hb = 8 mg/dL, K = 4.9 meq/L, Cr = 3 mg/dL
Ca =9, FBS = 100, Uric Acid: 12 mg/dL

ABG: PH=7.3, HCO3 = 15, PCO, = 30

EF = 25%
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Type Definitio

Abrupt worsening of cardiac function (e.g. acute cardiogenic
CRS type 1 (acute

. shock, acute decompensation of chronic heart failure or acute
cardiorenal syndrome)

coronary syndrome) leading to acute kidney injury.

CRS type 1l (chronic Chronic abnormalities in cardiac function (e.g. chronic heart

cardiorenal syndrome) | failure) causing progressive chronic kidney disease.

CRS type Ill (acute Abrupt worsening of renal function (e.g. acute kidney failure due

. to volume depletion or glomerulo-nephritis) causing acute cardiac
renocardiac syndrome)

disorder (e.g. heart failure, arrhythmia, pulmonary edema).

CRS type IV (chronic Chronic kidney disease (e.g. chronic glomerular disease)

contributing to decreased cardiac function, cardiac hypertroph
renocardiac syndrome) & yp phy

and/ or increased risk of adverse cardiovascular events.

CRS type V (secondary | Systemic condition (e.g. diabetes mellitus, sepsis) causing both
cardiorenal syndrome) | cardiac and renal dysfunction.

Cardiorenal syndrome classification :\ Jga>
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(Updates in Hypertension Guidelines 2020)
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NSAIDs Combined oral contraceptive pill
Acetaminophen* Antidepressants
Others: Herbal and other substances:
e Steroids e Alcohol
e Antiretroviral therapy * Ma-huang
e Sympathomimetics: pseudoephedrine, cocaine, * Ginseng at high doses
amphetamines ¢ Liquorice
e Antimigraine serotonergics e St. John's wort
e Recombinant human erythropoietin * Yohimbine
e CNIs
¢ Antiangiogenesis and kinase inhibitors
e 11 -hydroxysteroid dehydrogenase type 2 inhibitors
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Established Diagnosis of Hypertension
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Grade 1 Grade 2
BP 140-159/90-99 mmHg BP 2160/100 mmHg
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CVD, CKD, DM or HMOD

I

[EssenTial LorTimaLl immediate drug treat-
: ment in all patients
Limited drug |
Availability? :
|

A

L Drug treatment in low to
No *| moderate risk patients

without CVD, CKD, DM

or HMOD after 3-6
In those at lower risk, supply fifestyle months of lifestyle
intervention for 3-6 months, intervention, il BP still
1f BP still net controlled and where not controlled
possible start drug treatment in those
aged 5080 years

b oo )L gl loys (IS )b ) S






Ia) 213 Ollass 53 (55599, 5Lae glina saniy Juad

iS5 5 ylow g SLar! o (glag 410
(Anticoagulation and Kidney Disease)

Oy (S 39 o gle olSdnly cole ilady o 2addi 0y iSs

S oo Lt ) odzmy by S (golal Sy ;L 5l g9l e
Bl oo (5395 o 9 (Tgeleng i Boly > (YL Sy (o0 10 o A4S sk
o Hyelyees i sloml ;las ape £95 00 9 ol £95 o0 alS L) (Lo 5o
waboe (223130 celmingl jeS” (o dS1S s dlS 50 (ogat o (g5 0 9 S-S
A5 (ACS) (5 5o i 5 g5k bl o lyan ol () 3 (it
gz oldailos (yleps an 5L 7l aels (e 5o ;500 By bl el asl
] (=0 S golasl i jo 4B 1 6 Sty

ol e Sy il b 5 5 oo oS 31 Ll 4 gLl a3 15
lg 5 )l )3 390 o an 5 5 Ol (2l )3 (g5 SYL Sy g Laglo
Lol e a5 ol st s 8] Sz L 45 L3 (31 815 5L pii
il el Iy e S

Oygeo o slasil oo slaglo o bog e g male OIS Conl oals  rw Joad o o
g S5 15 el eais diws 1o Gl ey U clalllan oy 5T oLl 1o g 4ol

a5 epe ol o slinl as glag)ls -

Sy pgyaies yo olinl i glagls  -Y

3llogan ohles yo olinl s glag)ls ¥

S g il o slisl ws slagls -¥

Sl s 08 8l Lo o Los 3 b Sleladl 5 i olsl -0

slissl as 5l 256 Sbgyis -1



550980 sloe, glie vay

als’ olw b jo oldxil as glag,lo

o0)ly adoz 5IK (poling (slocsisS Ll plizrem als’ bbb 5o
Ol dm s (52,89 090 oo dogd ()l (5l 5o as)lo |y eolal o oy
Ol 599 INR (oliwsl oy g 5 995 £9,-b 508 590 LY +-1 + Ly (g0l (pgumsl 2l
plos o1y =, yls .ol 7V s < ol (Therapeutic Range) TTR 4 jglay . 09— plas
g Sl Lol (32,1 51 0055 o0 (=) B)lg 4z )5 0,5 928 GleS o0 CKD J= 15
09 derlS” 0pSloe oy JEalS oy jrnie alS B9 e

bbb e ;o (Low Molecular Weight Heparin) LMWH ;I sslaiwl o
Sgis 50 drog 595 s (gl a5 cogd plowil j0 el b O ¥ als e aldS (i
aa Jled Ve sl ol s Sy gisle 0gd 5 tile 100 551 il eIl
ol 9 995 Sz 0l o s 5929 5l am g B el $-V a5 el g0
399 bl aob azan 1o LY o, ojlal

72955 ;9 0.4-1 U/mL 5 S5, 5925 10 0.1-0.37 U/mL 1556 oo T 00|
4 sl 0y, LSe35 o osliisl aS LMWH (s il sl Loy jslate ay
oS5k o Sl o5 e ) a8,y ol alS a5 o Jsrama 390
s D IBLIUEC Iy

Gold az)5 59923 1925 )Ll 9 (s Ll 99 o0 aposd CKD ) bews o
Lol Sl S0, Lligd (HIT) (o)l 51 (0L (Sogimgang i sloml Oyg0 )0 o)
9= e dnls adS ad i ol U ojles yo

s 51 Ly (ST oliesl o glag,lo slixl oo glag)ls Koo aiwo
ol -3l s (NOAC) agoz LK oaliyg o sLiail as sLas,ls Ly (DOAC)
DS (oo sl (@3l e y3 1) (oLS By S Ll Laglo

LSl g ]y 5 aias 09iiS Lo 45 oS8l £51 A, Lee Ling, 1o ]
Lol 525 il o JLsd )+ j5iS18 clmoutiiS, e 45 sbLaSs0l 5 LS5 lss, 5
Slazuye g Giald (gl b U (il 50 (6530 &S 1 (68 3)lg0 y0



vay 18 Ol ylass 5 (5554945 (5La0 ) glite aaly Juad

)‘ O el oad o s G9—9 g_s—Jﬁ‘“‘;‘ﬁ"‘Aﬁ)‘ )| (_g).ai_;..w 9 QLA)Q «(NVAF)
r9)S Sl wolp > Jluis ay (Hmslyeng i 51 (gSslz 10 BlsToe (LS )l
20,5 salaul

e le lagylo cpl 4y bogy o SIS
el 00z 3ol yols b jo b8 IG5 a0 b o)) lews jo Ll g <)
b oo gl ) B)ls 4 s (58 o S B PCT o oS AF () jle jo <Y

S r9> Oy 5o rom a5yl golinl mha s K0 jeisle a4 5L Lag,lo ol -V
o 69)“3 4o Lej)_..uu Q)s_»a o ‘3)“) p_,a.w UJLJ)Q p,_C),J.C )9_..4:9).: c..\.u.\_.w
aJs LSJLMJ)L) l_: u‘)l—"*’ )¢5)_igo sl assl

> ] 'a)y = u_u.u‘; LS)-"?")‘“»I 9 GFR wl?u LQ,:T )_:yu [— -f
.0, S solai_wl uL CKD-EPI L, Cockeroft-Gault g8 ;| GFR awlsxe

JMSA-’.)OLAV‘&.B)_AM&S)_MJL;‘\.\_U‘)\)LQJTO\A_A.AS&_S)_AA)LQ_U)_Q)Q -0
ol 8l (lansils ¢ Jluw VO 5l piiey ol 81 5o g 09-d Sz adS o Sl s L Yl
3995, 5 S ojlasl ]y ads o, Shac ol T 2 0l oL, 5 010 By a0 g ,2Y
S ol s S (i il e A 4 (s e s Dy
39 .08 Sz ol ;2 W0l V¢ vgus 1SS sl IS sn (0 4 jekay ]
92l 8 SIS 59,80 (slag)ls gt g (B ol (olw)Uccgie e (g8)l9
Lo candd g plso)lso 0 90,5 alad |y Lagylo anlbadS ol Syl o -1
Aol delol wsiled co 9 slaind g golanil s S 5iile

30 mL/min | =S is],S sl S e ;o VTE cps o LLuSy)les ) jugzs -V
59 +99-5 o928 Wb a)F (e 10 590 FAY e LslllS &0 50 5 958 cod dogs
3,10 Byas mio (g5l bo jlow ;o Lol 0,5 5062 GFR>15 5 (lg 5 oo AF 8)lg0

Sls lag 1o plu dy ol |y (g P95 Sy (2508 HLLST A -0+ (L GFR o -A



5590 slae, gl vaf

Sylge plaw ;o Lol 0,5 13528 0uLS GFR 4ylje y ;0 AF ] )Lews jo I) LLLS 90l -4
8,5 52925 e oo GFR>15 U
0,5 2855 0l o0 3 GFRS15 L ) 58uls =Y

5 525 QLS Bl 5 5alliosan 2 et o 1)

Gl 3 Sigaeg 5 (Sl (glaygiS 28) s 1 e a4y g iy 4 M Lo
Al oo (Jomelaang 5 Bolga dxine 9S50 Sidgaeg g gloyeiS 1 adss Sialiél g ol
2 s i aS o)ls e (SoSelginnd 09,5 05 A s Sy (a8l (o
ol S Dby gz (VeSS (il sz 50 Eol ugilinan S i g5 0l
bl yas jo ]y asS anw Wb ol les ol o 6_3.!9.,.019.,&5)3
OS] (i (gl yae S g 00lS 05 29 1 SoSelglnd e iS5 -)
LSl 5)‘b &5)—“‘
Syg—o )3 g sls )L_»wo‘ )L_o.u 4 HAS-BLED )L:..zao ool S aEpety &_Mﬁ{) -y
20,5 bl ool g)ls jmem8 ;0 Y (65— 95 S

323155 5 30 a8 Ve 5l e pege T L 91 5is 50 48 oy (sl e <Y
U SOl 53 aslol KDIGO drogs 3925 ylo) Goe 990 j0 .0ils g/l
Sl i )0 S Ve Sl S sl g 5Vl iy i a8 L
9o L_i_usj.oa r:)».\.l_w O LS)'“LW“" 9 DOACs $9) Sl Uas 4_§.u| E-l 4_>9_v L:
os_ws,o =970 DOAC LQ.J uo)l9_c (o JM Pt Oyg—o 3O g Cew! LMWH LsLms)‘a
il e bS] eyl a5



vas 213 Ollass 53 (55599, 5Lae glina saniy Juad

3bogen jo e slixil ws glag,lo
GYL Sy oy 50 ohlew ol lal 0L o (Y5 S8 il oo g
1wl i 0ylae Jold aS 0,5 asie ) g
Sl Veee e x VA5l eSS (led 5 il (cstwgies S o)
3l @5t 210 (g5 et ()l oliws S JLsd (g5 o> waly b <Y
JLSLS 1l g5 pe5s o2 =lls 51
J5 el VY (b jsile ol ¥

EWCTP PSRN (R g BN

1,5 ooliil 1L (e 23 S g, 3 Gled (0 S e YL S, L oyl 5o

50092 ool 09 ol Jlo L (g5l ool (g ol po 1yl g 5l <)
s Vo LGk Slo 5l 8) (Shrd o3l jlls (b o el 0
9= o0 At (pl L Jloyi oy

onled 4 od Wil 8lo 5l oottt b ond )b Jsbe b giiecs Y

Jlop S V-V an mplemaslg Voo e LY e v e ond ol Jolome Ly gt 5o

Some (gt 3l oy 9 Ol L (Blo g L adg) (oot 51 Gy 5 00 adlol ()L
9B ge Jrog olSws ay Lo el Loy Joloee i) S L

S=5les o)k lesliiul pace (S aniogs adS sla o)l s e phlew o
Lo o S gloasd slaml o0 )0 S

9% 12925 WlgS oo 63Ibo )y les 5o ubu&JLe,urab Jb ;o0 DOAC ¢lag,ls 5l



59193 (sLave, gldisa Yan

auls’ igm o oliasil wus glagyls
el Hhas o b 1) aisS g0 aldS Wgw o)y les ;o olasil aus glag )l jugaxd jo
Ohlew asile (il S usildS an bgs po ST il Jaso U Lag,lo jeas -
S

cogae g 29,10 IS 4y ofug axgs -V

g pgd aldS ol o Sles Gjguo 50 Ll 090 oo 4ol o DOAC 1925 590 )0

)5 51875 ()lg¥ o0 GFR 230 &ygo yo 1) (Ll lsn;y 5 o)1 515000s

i Sy ral 45 81 |y pylse Sy s iaS GER > 50 50 )0 bS]

sbe P—GP) 9 CYP450 W o..\_l.lS)Le,o as L;{Lmj)b ULAJA.Q k_dl))o C:)s_»o B
ol alS 70+ 1, DOAC 350 4l el i DS < g3 LiSTl Ly g3 iSsis

ol (ials 7.0+ [, DOAC 90 asl oS oo 8l o |5l S gylow 2 0 g

oliwil wo 8l o yo Lo jI B Sloladl g g0 g5 oyl0l

o=ylg el Jls o hlew oylol L i L_s_:L._MJ aazgi b Ceud 0l o
6,51 DOACSs 6008 =ly ) ol Lows oylol ay by pe IS 4y (LMWH g UFH
oul anls o, 5uls Cg> 45 Idarucizumab (gl -z Lag,ls ol (ol m 093 oo
.Q)L.\_; S99 03— J_..zlJ L_s—“’L‘MI S90 §_$—“j |

555 ol 25 SIS Sl ol (s e 3

CoYsS1gS il adad -

PT. CBC. apTT. TT. Blood Group sl golixil glacend ploxl -Y



vay 213 Ollass 53 (55599, 5Lae glina saniy Juad

5L Sge 50 S95 slrodygls g Sluls fagas 9 Sslinoges Sy jpisle Y
Sigdpsly Ao b (A2 b ylid plesh L Bpge jo <Y
GFR asslone 5 oniil,S o peoslail -0
S by ol JUd JoS)Lo g ( o8 Sl ¥ (b )10 Bran S0 p0 1
S Syge ;o PCCy ()55 dl SGalls g -V
Idarucizumab g2 o S 80ls Bras Ojgo o -A
leys o> 3l iy il iS5, ey ds) slini] claiions 45t o 435
Sae LSyl (YL cile e ple Lol ol 58000 5 (LLuSgol § (LS )l
Aol ey boeus (ml adaw o]
5 9l g g aile,S o ) JLados 558 Lr*j ZJled Andexanet ¢g,lo
Sl By s il Lel a il oo LSyl 5 LSl e 4y (g5 95
blop 1) gyls sllsgen plil L s go O3NS 31 )0 (g5 9% 3)l5e 5o
3 Sl Joel e g5 (ol Sty L il S g3 Yy
S Sy 2 i 15 a5 San g s 3 e J515 35

L o laladl Sylgs yo . cils ;i 10 Ty (gim o St § 5y yas Ao § ymgiil,S
5,5 a8 DOACs -5 el FA 51 L8las anly (g5 s oYL S,

Sl o (AKD adS ol LU 51 se93 (ARND oliasl oo glang,lo 51 50 Sl i
b e sl as glagyls plo b oyl oo 51 i golinl as I3l o e

Sy INR> 4 35 5wl YU golinsl acs ol 51 ol olsul 1551 Sy (o ot
Pl Sy S )i 3929 D9 )3 (pgmat Ca pigpeolS g YU (g5 jLid s



550980 sloe, glie TaA

Ygoxo . e 00053y (6 3>lod 0925 pae Lol 510 0529 Yaoro g y52lod ()] )0
63‘;5;9'“, o uLS‘SA c\.z.>|)A J_A.Q)g) d.*.>)‘ Lgdl.n.u‘ J)LO‘ S99 l.: O‘J_A.Q AKI l.)

Cordy 510,50 5 alS ol byl 5L 090 slem slapleys Jold ol

Aol o Sy Zoaw 4y ol

References:

1.

Viviana Aursulesei and Irina Tuliana Costache, Anticoagulation in chronic kidney
disease: from guidelines to clinical practice, Clin Cardiol. 2019 Aug; 42(8): 774-782.

David M. Salerno, Demetra Tsapepas, Apostolos Papachristos, Jae-Hyung Chang,
Spencer Martin, Mark A. Hardy, and Jaclyn McKeen, Direct oral anticoagulant
considerations in solid organ transplantation: A review, Clin Transplant. 2017 Jan;
31(1): 10.1111/ctr.12873.

Sikorska Julia and Uprichard James, Direct Oral Anticoagulants: A Quick Guide, Eur
Cardiol. 2017 Aug; 12(1): 40-45.

Juan Antonio Vilchez, Pilar Gallego, and Gregory Y.H. Lip, Safety of new oral
anticoagulant drugs: a perspective, Ther Adv Drug Saf. 2014 Feb; 5(1): 8-20.

Christine Ribic and Mark Crowther, Thrombosis and anticoagulation in the setting
of renal or liver disease, Hematology Am Soc Hematol Educ Program. 2016 Dec 2;
2016(1): 188-195.

David A Garcia, Mark Crowther, Risks and prevention of bleeding with oral
anticoagulants, 2020 UpToDate.

Chapman M.P., Banerjee A., Moore E.E. (2016) Coagulopathy of Renal Disease. In:
Gonzalez E., Moore H., Moore E. (eds) Trauma Induced Coagulopathy. Springer,
Cham.

Eugene C Kovalik, Andrew Davenport, Anticoagulation for the hemodialysis procedure,
2020 UpToDate.

Raymond Lin, Georgina McDonald, Todd Jolly, Aidan Batten, Bobby Chacko, A
Systematic Review of Prophylactic Anticoagulation in Nephrotic Syndrome, Kidney
International Reports, Volume 5, Issue 4, 2020, Pages 435-447



sJ9¥ 9,0 (slao)gliio
Olezlj 9 L) il







Olaaly 9 o) Gl e 49 (85919455 (sLae, glise tpdads Juad

élob FLINY —4 )I.&S
(Hypertension in Pregnancy)

Olyal (S 33 o gle OIS sale Oilud (ylubs |ysoss JiS

Sl (B
ailw b oo, el .ol o0 GIPOAD Sol> Lo 5l as el sla Lo YT o5l Loy
anzlp0 9 50 Sl 00,5 anlye (il jl ar (Shol> YO atidn 5 2o g (oo (95 L
SUSL b (il gl 5o By Colsl 8,0, 5l (g9 g 0952 VALV o+ (Sb b 95 Lsd

Pl 2558 4 e SLalsjl ol 2928 g ks Ly 0,8 it jlaro
Creatinine = 2.5 mg/dL, Hb = 11.3, Platelet = 92,000, Uric Acid = 10 mg/dL,
Liver Function Test: WNL

U/A: WNL (Protein = Negative)

el u_x.....'o 00gdte 4O L.&"a"m us_’> ).A—O-A.AJ‘
el Jloy 00gazme ;o 1ol )loxe 5 4dST 3l Feign

R0)5 CewlsByd (S5l 80 opgline Lo (6l

$o15 vunles olouil Sloyo pludl a> g Canus ol ausls

b Sol> ao) s AL T o g el ol Sl o8 1o 55 Lid g)lon i Olendys

taib o 5 9ylge Jolis (Shols 1o 095 jLid 318l auseis .amo oo &,
oo 9> HLis -
Gestational Hypertension b, Sol> 9> Lid -Y
@Myﬂ 9 W%lo)g: -\ﬂ
A5l o 099381 5y gunpedST 0y 45 ieje 93 ,Lad ¥



3909, Lo, glaine vy

VPl < g Las by asle Shels 5l L8 95 ,Lad aiblw a5 Shlaw Yoo

ol ey g5 5Lt Glte oo )l (610 i aie SIS 092 e e

0oyd YO L5 w135 oo ommnedlS o s a8Lil Sy o)yl ol 5o g oo axs L
Bl

3 Shel> pgs dasi ;0 Vg one Gestational Hypertension L Slol> g5 L
oo (=2 39 Oliee -0 oo 7y 95l VL 95 Lid al L a5gSoue 45 Lo
i VY oS U Sl o 5l oy el 5 il o 61051 ylgm0 amoys V-1 40
Aol e 0t o 5l o
09> L2 Ll 5l S 3 a8 09 oo ILLI (9> jLad 4 (adlSTlopy
Falolay cogigo jo S8l g uilog gy (Kol iy aiin lony xpb S
ylomt Syle o lel [0 1055 o, iSolil og e s te s VE A0 < yg s ,Lid cel
= =25 .3ls 2l ea UPCR > 0.3 glg L, 9 300 mg/24hr | sicy o)e—usn Lo

ousl oy Jgozr 30 48 adle Ly (g Sl (65 (solra (190 (sagpdlS oy
(\ Jsd.?-) el o|)_,o.2> ol



ver Olasl 9 L) Lo Lass 5o (55909785 (sLad, glise sadids Jund

Diagnostic Criteria for Preeclampsia

Blood pressure

. Systolic blood pressure of 140 mm Hg or more or diastolic blood pressure of
90 mm Hg or more on two occasions at least 4 hours apart after 20 weeks of
gestation in a woman with a previously normal blood pressure

U Systolic blood pressure d 160 mm Hg or more or diastolic blood pressure of
110 mm Hg or more. (Severe hypertension can be confirmed within a shot
interval (minutes) to fadlitate timely antihypertensive therapy).

and
Proteinuria

U 300 mg or more per 24-hour urine collection (or this amount extrapolated
from a timed collection)

or
*  Protein/creatinine ratio of 0.3 mgfdE or more or
*  Dipstick reading d 2+ (used only if other quantitative methods not available)

Or in the absence of proteinuria, new-onset hyper tension with the new onset of
any of the fallowing:

U Thrombocytopenia: platelet count less than 100,666 x 10°/L

U Renal insuffidency: Serum creatinine concentrations greater than 1.1 mg/dL
or a doubling of the serum creatinine concentration in the absence of other
renal disease

o Impaired liver function: Elevated blood concentrations of liver transaminases to
twice normal concentration

U Pulmonary edema

U New-onset headache unresponsive to medication and not accounted for by
altemative diagnoses or visual symptoms
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Indications for delivery of women
with preeclampsia

* Women with preeclampsia at 37 weeks® gestation
should be deliverad

= Women with preeclampsia between 34 and
37 weekes can be managed with an expectant
conservative approach
= Women with preeclampsia at =34 weeks’
gestation shouid be managed with a conservative
(expectant) approach at a centre with maternal
and foeotal medicine expertise, delivory being
necassary when one or more of the following
indications emerges:
(a) Inability to control maternal blood pressure
despite antihypertensives
(b) Maternal pulse oximetry <90% or pulmonary
oedema unresponsive to initial diuretics
(c) Progressive deterioration in liver function,
glomerular filtration rate, haemolysis or platelet
count
(d) Ongoing neurclogical symptoms or eclampsia
(e) Placental abruption
(H Reversed end-diastolic flow in the umbilical
artery Doppler velocimetry, a non-reassuring
cardiotocography or stillbirth
Of note is that neither the serum uric acid nor the
level of proteinuria should be used as an indication
for delivery
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Table 1. Clinical Risk Factors and Aspirin Use”

lisk Risk Factors Recommendation
High' « History of preeclampsia, especially when Recommend low-dose aspirn if the patient
accompmiecfby an adverse outcome has one or more of these high-risk factors

+ Multifetal gestation
o Chronic hypertension
s Type 1 or 2 diabetes
» Renal disease

 Autoimmune disease (ie, systemic lupus
erythematosus, the antiphospholipid
syndrome)
Moderate’ « Mulliparity Consider low-dose aspirin if the patient has
more than one of these moderate-risk
factors®

« Obesity (body mass index greater than 30)

» Family history of preeclampsia (mother or
sister)

» Sociodemographic characteristics (African
Amernican race, low socioeconomic status)
« Age 35 years or older

o Persona history factors (eg, low birth
weight or small for gestational age, previous
adverse pregnancy outcome, more than 10-
year pregnancy interval)
Low » Previous uncomplicated full-term delivery Do not recommend low-dose aspirn
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Table 3. Antihypertensive Agents Used for Urgent Blood Pressure Control in Pregnancy

Drug

Dose

Comments

Onset of Action

Labetalol

10-20 mg IV, then 20-80 mg
every 10—-30 minutes Lo a maxi
mum cumuative dosage of

300 mg; or constant infusion
1-2 mg/min IV

Tachycardia is less common with
fewer adverse effects

Avoid n women with asthma,
preexisting myocardial disease,
decompensated cardiac function,
and heart block and bradycardia

1-2 minutes

Hydralazine

5 mg IV or M, then 5-10 mg IV
every 20—40 minutes Lo a maxi

mum cumuat ive dosage of 20 mg;

or constant infusion of
0.5-10 mg/hr

Higher or frequent dosage
associated with maternal
hypotension, headaches, and

abnormal fetal heart rate tracings;

may be more common than other
agonts

10=20 minutes

Nifedipine
(immediate release)

10-20 mg orally, repeat in

20 minutes if needed; then
10-20 mg every 2-6 hours;
maximum daily dose is 180 mg

May observe reflex tachycardia
and headaches

5-10 minutes

Abbreviations: IM, intramuscularly; IV, intravencously.
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BUN = 42 mg/dL, Na = 129 meq/L, K = 3.3 meq/L, Albumin = 2.8 g/dL
Urinalysis: SG = 1.024, RBC = 0-1, WBC = 1-2, Protein = 2+

Ascites fluid: Protein = 2.4 g/dL, Albumin = 1.4 g/dL, WBC = 1200, PMN = 70%

1k oo e sl (pl 9y5e 50 cdas g i
fail oo jlow cpl 5o 4l 0,ee OS] Ceely wlgs oo (alge 4z -)
fules azs 1) s Lo IS Wil oo JUygslem gy LT <Y

p3yimes 5L (SBP) JUy S augil Cig e dmlyd o9 g anazgi L LT -V
il e zdae 1S 5, Shoe PO 0aiS sl e g5 JUgika

faS o ) 1) JUyglen pgyain Lol obs (Slg,as og>g LT -F

39w (3l ylos 50 4l 3,Sloe sl P ousaS slow! Jle

1l oo ) O)lg—e Jold ales slonl aJS o, e

3oy ¥ 09 1(SBP L g (s 2i5Le) Cigie ol jods aldS ool @

oy PY 2 by oy 2l 51 56 aalS ol

2o Wi Uyl pjaiw o

o3 A 1(Su gy peglS aile) (ool adlS (g)low @

Ll 10 adlS 0o ol L s dys Yo L5 )+ ogdos 4538 10 4z 5]

clizl Jds an 2l glabw j3 (Hy casog (ATN) (Hggi olo 9,55 )L jgas



vty Saeunan Sl Lo 53 55980 SLao)glie :p1ds Juad

ATN Lz 45 Shless 50 a8l sl a8 ATN (35551 ol (5 Sao sy (] o
Obloes - adb oo JUgilee olhlen 1 yitan pr (1S Gl ey g8 o0
Oler L s 95 09)lsS oo Slnle (ols s 51 151 50 0 Slgs co 55 ams 4 Mie
b JUy 0 el )las gy il e (el acd (g9l L jame slag)ls L

&5 0 sl a0 M () lew 50 0lgs o s Lo CdsSuly § Lo yaiglg oslS
slegais g2 50,8 o sbow (ol JLad ()0l gy L Gl lo jo 0l g o
gl al8)S 1A o 81l

JUgiles pg i

5 wet ke St 3 4lS sl o] o] e 5 Sl i
A il g el 4 Yoome M il ol Sl (g0 (e Ly 0L
Sl ;55 A Y st 58 JUjg (93,8 jlgs Slicwbis (laygeys L spas
Py 5o willel oo js (S ,2 L) (guS coilialsd ol jles ol lan a5
o dngilas (olial g3 (0,5 50 (Shd Ggre ot sliS e b JUgila
Salzoged Olydd )0 (bl (25 dony (o )BT a0 Bl o0 Dygm Ggrmiliee
L adgs Gimlidloads (o8 padlSie Lol 4l g j0 S 0, Soe ialS
9310 392y (oLl g3 (59,5 )0 Lises 4 Sl (Bgye (slo jeidbisgjly b
Ohlew 50 55 JUygiled pyain 0 ;534S j9 hailon . wled] o yioge LS| S i
Gl asdlas jo Jlio fleme aniams &) Cenl (1-San 3 (g0 0l () e 40 Dl
s 45" 0 o Lie sl o0 olonil S Cilon 4y Site oyt 3y o 45
el osle &7y 5o VoY 51 Len YA o JU sk

Lol g oo 000 (gaS duad (o)l JBSSI piion 1o JU)eila pyoiw a1

Wigdre JUygikea pyoin )Lz



5590 slae, gl T¥A

b e
1gS o0 paie p) s Sy L JUglks gy
P Ol (7505 Q31 e
b W Lol lagas
Goy o oS e 000 5l e JBlax b oS (gy9g

(10 MEQ/L j1 oS el )yl o Cale ing) s 61,00 @35 (il Sl Slwe @

G5l sgzgpacbhogzy o

ol S i SO L aslgs co Lol ccwl aival Jgano jobo asads Lyl gg, 0
pydiw a5 (ol a8 oy woais (5)le S oliws (o 9> L (b S coisie wile
e Yyame el a0 (o Sloys g o 3505 (o5 (5T g 5 JUgilen
ey L lejen (g5lon 4S5 Siae 10 (gl bl 09 b sad 4 S o) Slos g 4y
P P ‘_,’_J Oleyd 1 odle 0l cail sud 3 JL uSL cogae Lo JUsila
4l 0, Shose ;51 659 a) 0,5 )18 (3 Leyd Sy90 659 g a8 JLiles pyains
(OS99 Sz (=51 L Loy gy 0z 51 ey
Ty =S e lam rall ey wan oo olalb Lel as)las lasme polas
loady il S ralidl Lao LacSil gs Byae y blsaya s Sllew jo .0 20
g g Lo a S 5, Slos 05 dely Sdjgu0



JAR Saeunan Sl Lo 53 55980 SLao)glie :p1ds Juad

s 531 slo it s 50,5 3 s 5 U i s o
et sl s an JUsiles i 0,8 2rlae by ol (oo s
il os o jg s 9 adS o) Sac sl PLSTL ol le jo 8123

1aBloe ) b 4 Col oads 7 5lae JUjgila oyt (gl oS canid glayline 5 iy o5
Ogamslppe 9 (gomS a8y doy 2lw)U Lol guS ola L (psje (g5lam @
)9
4\»,15 sl u,w;' L4
Oloyd « Sad alas 5l ‘wobWleﬁd)jﬁo)lS_&TJﬂJorm%_?jf.\_c .
o 31 i sl 393 o 5SSy slmgyls L | L L
o)l alS o)l
e s ol 0S5, 1, S i JLeo ALl SBP L gl cigie  —
=L Cogie a5 I o wlgi oo JUjpls pyics pleys oS cl
oo ol 4 Mie (Lo 50 lgi oo JUjsilem myins ol jmogdle
A5S ed 3y 1y JUgiles pgyaicas Lagid ((obs (Slgydi Jlie ol 40)
S5 929 pace Sygo ;) HPF )3 Jolow O 51 158 )0l 508 JoodS w80 @
395 30 S e B0 5l ST (g @88 9 ()0
039 £59S 50 5 V) (659 sl b e (a3 51 g S 0 Shos 3gag0 pae @
o S0 @had g 59, 90 JBla> Sse 4y Gy 0 0,5 Vo v S Ta B 59, 50 (o



3909, Lo, glaine va.

sl Jde 51 ales oo L Sdygn0 Byman 5 SBP cons a8 o)lg0 amy a g5 Ly
Olozds 509 JLad ot a azgi Lyl Lo (5o als o, Slae LS 00lS
Sl ¥z (o5 )l (S (ans S S )3 (Hope0lS slagylow ()0
59,5 9,5 SBP (glys (Sgar (0l (sluayo 9 09-d ol o sLaSigs
00,5 59 jlas dy pegall 00 53 500 Ly g 99 e ag Sl i ol 1 egdle
S5 05 lan 4l 0, Shas (nsdl 5s28 5 Sdjgns ol Sl g 45 (Syg0 50
Slocudl aalgds 9g—5) ais lay adS o, e IS glym 5 (500 mdly e g
0aiS sloml YMEST dgd (SS9 ,85 clag)lo B yas alw pae « Bl Fgigw ;o
LS 518 0lays 990wl JLygilen i loie an s Lo ((JU5) 00 Sy
a5l (ol ails 9929 SBP L (ylejen asiles oo JUy5ikea pyoiw a Sl d asgs
pyims by 5L g0 53 5 il ool (s (T Gl sl (sl 99,5 e
505 oLl glan ool JUigila

£ils 5929 SBP L (ylojen ulyi oo JLiygilen oy 4yl 4y azrgi L
Dgmo 33 g bl oo (St (T (slay pladl (glmt (99,5 yao at L ol
203y plesil lojon wol JUeils pyaiw loys 5L

03205 3y (b (Sl aiiles (9lS (B gy len 9925 0b i 45 g hailes
a4 Hlew =l 50 peB R S92 ) (e (=l Bl o JUels g0
bboe b JHB Uik ppain 5L el (b (Shgyh S b

JUygibed pg i (yloyo

Sl o9 31 50 08 0, Shas oggr JUygile oy (ol JToasl pleys @
Sl bl 5l (o9 9 90 (s 3b Olayd LB cslin leys ( M
el 0S8 0 L gunS
slpdiin i jlow Bab a4 JU)gla praiw e Wit Lo jo @
e 055 pLasl ras T Ly S5 50 1y s (e L adsl oLy 095 oo
ol Bae L (Gl jo 05 (o Y5 +/0) polae 3035 Spgo a0 )80



Yol Saeunan Sl Lo 53 55980 SLao)glie :p1ds Juad

Ao gl 5 055 o gz 09z ;e (e Vol 4 (b gt LS
Gy 5 pSokS 50 235 1) (g9 210 Los o s 4o 59, 99 JBla s
090 97

s Lo il 4y a5 JUjeile pyoiiws 4 M o )le o @

D9 g0 Slgimiing (Sl puyiwd 10 ey d T L leys 45 g0)ls0 ;0 -
05 pLasl sl L S5 50 Gy 5 L adsl )Ly

S5 o0 Sty (el (yiad )3 (i S L lepo 45T (g0)l9e 0 -
o9 0l gl 5 9lig ST e yogae 3l (S sl Loy
595 =Bl g S (e V0 £9,5 L) 0925 o0 92 (S 95 Do 4
Gy yo sl plasely 5l a5 L VO U STas aclw A Joolsd jo
L (Sl 0 055,500 04) (599 pylies 355 o an Ly 9oy 553
b @ Se,See Ve e LN v 0 ) 098 o0 jmga (g 1) S0 o
PSS )0 25 1) (soys Losdo Ola—e A 59y 99 Doe an agT 5 G,y
£S5 00 LY (f JLis a5 09500 sz ([05 ) 0+ 125 Tam] g 50
095 ot a5 il g (1 p39aae L leys 48T (Sley LS 5 50

Sbg ST emmpd 5 e 85 (g L a8 (Shlew o plee o b —
Al oo 4an 90 Sae d Ygeme (WS o 8 leys s

)LM.Q.E_Q}st_: A_JL%“;I&L? gudsn GwlauLA)OA_’é\_Y‘;:bLM)Q —
39 40 (0 caml 18, L 0 asign L) (b -5 Lagie Lagie
098 oo plasl leys (s y0gae L 09l

cwuls ] )L"*’ w")ﬁ”‘ «393 Sloladl PL°3 Pl’.“] }| U‘*"’Sts‘)ﬁ“ J° :J|5'“°
£0505 318 5 4l Wigy o Loy ol 50 dnogl WS Wiy ploxil b (lojoen LT
M_M.oub[_‘w)oL55A_JSULA,@AJ5»@)L»°A_~SMJ_AL9L)_:W



S5 9-83 sLae, gldio voy

MTAJ‘S_:‘)LNJ RS (059 A L] A_:a.u)‘ uu_:Lg9_‘J5 6)Lo.u oAb —
Golom L )y e 51 (U595 pyoiw am ( LoMiw aile) ws)lo cisy JoB a IS

00,8 mlade ol ciS, 0B e al ) by g9lS

T WS g aS

(GFR)  J3,0515 (pgusslilid o5 sa Ly (CKD) (55015 (030 (5)lows s @
Ve 5l Gt gl aids jo ot e e 51 S 00l awlxe Uy g 5ol
Sl ccwdd o ﬁLSCA_;PLi_;_m)oﬂj °)‘9-°)'|g_r§iJ—§|d>9g_¢”9lA)'9)

5L plwl b 5 (ESRD) (gsulS” leil olo,lsszs  —

aids o i e Ve 2GFR L (sl GuilulS

5 Sylgms 5l oSG JBlas g sl (AKD adS o, Slac o> Pzl o is o

SIS atin LS gl
sl anals 5bs a5k LSS 55, i e JBlas Jlay =

Ldd i Sde 4y JBlas> adds o i) Lo YO 5l 5SS GFR -

References:

1. Martin-Llahi M, Guevara M, Torre A, et al. Prognostic importance of the cause of renal
failure in patients with cirrhosis. Gastroenterology 2011; 140:488.

2. Gings P, Schrier RW. Renal failure in cirrhosis. N Engl J Med 2009; 361:1279.

3. Laffi G, Daskalopoulos G, Kronborg I, et al. Effects of sulindac and ibuprofen in
patients with cirrhosis and ascites. An explanation for the renal-sparing effect of
sulindac.Gastroenterology 1986; 90:182.

4. Martin PY, Ginés P, Schrier RW. Nitric oxide as a mediator of hemodynamic
abnormalities and sodium and water retention in cirrhosis. N Engl J Med 1998; 339:533.

5. Akriviadis E, Botla R, Briggs W, et al. Pentoxifylline improves short-term survival

in severe acute alcoholic hepatitis: a double-blind, placebo-controlled trial.
Gastroenterology ~ 2000;119:1637.



Yoy

Soaturus Lo jlens 53 ($5519,40 sLae) gliie a1l Jund

10.

11.

12.

13.

14.

15.

Better OS. Renal and cardiovascular dysfunction in liver disease. Kidney Int 1986;
29:598.

Wadei HM, Mai ML, Ahsan N, Gonwa TA. Hepatorenal syndrome: pathophysiology
and management. Clin J Am Soc Nephrol 2006; 1:1066.

Barreto R, Fagundes C, Guevara M, et al. Type-1 hepatorenal syndrome associated
with infections in cirrhosis: natural history, outcome of kidney function, and survival.
Hepatology 2014; 59:1505.

Angeli P, Gines P, Wong F, et al. Diagnosis and management of acute kidney injury
inpatients with cirrhosis: revised consensus recommendations of the International Club
ofAscites. J Hepatol 2015; 62:968.

Wong F, Nadim MK, Kellum JA, etal. Working Party proposal for arevised classification
system of renal dysfunction in patients with cirrhosis. Gut2011; 60:702.

Duvoux C, Zanditenas D, Hézode C, et al. Effects of noradrenaline and albumin in
patients with type I hepatorenal syndrome: a pilot study. Hepatology 2002; 36:374.

Giilberg V, Bilzer M, Gerbes AL. Long-term therapy and retreatment of hepatorenal
syndrome type 1 with ornipressin and dopamine. Hepatology 1999; 30:870.

Kalambokis G, Economou M, Fotopoulos A, et al. The effects of chronic treatment
with octreotide versus octreotide plus midodrine on systemic hemodynamics and
renal hemodynamics and function in nonazotemic cirrhotic patients with ascites. Am
JGastroenterol 2005; 100:879.

Singh V, Dhungana SP, Singh B, et al. Midodrine in patients with cirrhosis and refractory
or recurrent ascites: a randomized pilot study. J Hepatol 2012; 56:348.

Formica RN, Aeder M, Boyle G, Kucheryavaya A, Stewart D, Hirose R, Mulligan D.
Simultaneous Liver-Kidney Allocation Policy: A Proposal to Optimize Appropriate
Utilization of Scarce Resources. Am J Transplant. 2016 Mar;16(3):758-66.






Yoo Saeunan Sl Lo 53 55980 SLao)glie :p1ds Juad

B son> s Aawj 39 S5999.58 Slegbi
(Nephrologist Role in Oncology — Hematology)

Oy (S 39 p gle LSty cole Oilad o gl 4 oS yISH

doddo
13U g adsl g)lon L b ions wli co Lo (oond o 50 (59205 (650
Ay Gy 50,5 eolw (glm 09l WT)L?_\ ads ey Ly o L b\_..ul.,so.obu
Jsl oysliie - oilon (oo (soutoy 4 Dtin () Len 53 (63505,85 ) op5liie as ()L

995l (0ld (B)loe E9md9e dn (gum 0y9liie 90 )0 5 (e (Lo o 4S50
.=l oo Targeted Molecular Therapy § Conventional og, 5

‘so.a.'m.b M) Fe) 4...15 ‘;’Lu)b ) O)Lo.& o)9w

Slailu Lo 0,5 o 1,8 0y5liie 0y50 sl ST inli8] cle s Al Y LS
ol Ayl Sibp del e pf) e d S AS o S8 al i ol Ty 168 50
BUN = 31 mg/dL, Serum Creatinine = 2.3 mg, Hb = 10.1 g/dL, ESR = 88

Urine Analysis: Protein = 1+, RBC = 6-8 hpf, WBC = 4-6 hpf, 24 hours Protein = 1550 mg

25 s g oy ale | ey -l 4510 1.2 mgldLL oy ], €35 ole VLo

alS 6jlasl 31, Sgig s anl s Lialydl 2.1 mEldL ol s paidyS Ss sliglo
i 3® Sl (i gl Joye0lS slan g lony Slitalefl gl g Col (cxinb Lo
595550 lgFinl Fe 9 4lS (mgm Hlon 050 oo oualie (B9 Mgy )58 55U
He aslatl bl jo 1048 o0 7 ylas Multiple Myeloma a.se s ylgstiwl e g ;o
wlopise B8 slon b3)sS s i lon o0 (e die) 3 S Bl LU



S5 9-83 sLae, gldio von

emebos 0l .l s Sts ey 5o auld assyle S S sl L)l

st Sy AlS 51 g 5 S @S 51 18 e ol n 4 i g
38 b s ads ol Sl

s 2 Mine Ly o adS sl Lol glacde : ) Jour

Prerenal Renal Post Renal
Jlteol <l & 945 £ o055 (555 Sl
* Monoclonal gammopathy-associated ©slS Sl
proliferative glomerulonephritis .
55 o>
¢ Rapidly progressive glomerulonephritis
She? Spao guals P b gLad Sl | gt ey Sermd
29098 bl gy
ol (Jsgs 39,5

Ol wd (5lag)lo e o (g ol 59,50
b glad o> ey

alS 5o Sl sladobe glis)|
Lysozyomuria

Light Chain Cast Nephropathy

ACE, ARB, wiile: )15 1S g ye (5550

Diuretic NSAID ,Contrast - .
furete ontras Thrombotic Microangiopathy

Venoocclusive Disease




vov Saeunan Sl Lo 53 55980 SLao)glie :p1ds Juad

(Venoocclusive Disease) W g Slouwd! o y0duw

Myoablative lgsviwl 750 sladign jo a5 el U, ssle auline pyaiu
S el g (Bgye ALl Dyem (9 Lid (2al3l L g aidl s 5LaT Alloegenic
QU] 15395 0o (65,0 Yoo 393 o0 0l 10l )3 (gl 0943 S g ot (280
el 7mgldL 51 5V gy (o Ol 5 98 (o

T L WOW] PO N L = W
:Joyoels 60550

Solid  gle 5055 g ps-22d (5 ,laws ,o :Rapidly Progressive Glomerulonephritis
39 go -2l Membrano-proliferative &0 4y 5 055 o 00

1adS” Jgig8 doduo 9 (Sumbiow slad ool

lbrw Jolw sl olasi co 50 Jlis anas)le (ol jsngiols S pain @
g 0dmd Yo 2SO ey 5 o2l L sLw jges5

MW)‘PM‘}’@W"\)MGQ5JQgr’5)“>gf‘—”""‘*‘55”9)'°" o
.p_.{)'laﬁwg::l_ﬁ)'.?@ulal)ad_f.m oloyl golS

Plasma Cell Jolow 25 g pgai) gol> oSe) jo:a s o Jlbpw Jolw gazs @
> b edle Ysano 0SS (o me2les S Sl 4 Sl la sl
S Gl 5 3l 55 G5 Sy ety 98 A Ly 5 o

59 9 Setwoliog  « Siiwgio ol Sol jo as)le ol :Lysozyomuria e

oimlBl L g cenl ol asle ol og b oo onalive Siiwginglin (o0

T el JlassSsn Jslos 52 pisid aod sl ol 0 (95 5 101 g5
D9 s (i 4lS (L)l g 09D o0 Syl




S5 9-83 sLae, gldio

YoA

A Joogs Sl o S 0,0y g, :Light Chain Cast Nephropathy

Ao) 5o by el dlaidl g Glgdl g 4 dS Jo gl asdis g Cast &yg o
Waldenstrom s g 99— oo 0u—s Multiple Myeloma I 50 asos
(Chronic Lymphocytic Leukemia (CLL 4 ,Macroglobulinemia, Lymphoma

| 00 uu)‘)_?

B9 Sl g 5 jg 0 51 (AU adlS 6550

Brao by g adsl jawsi o ol allay -l o8 :Thrombotic Microangiopathy

Gemcitabine. Vascular Endothelial Growth Factor (VEGF) u_ile Lag,ls

sl2onisS [lgo Bpas Ly lajer lgsiwl 430 0 Ssn o L g Inhibitors
Bl oo 3L S

S|

Uric Acid, Xanthine, Hypoxanthine, ¢l,sly o) dias) 50 1 Hgu95 JS1s slaidl
asle gyls sloysls 9 Sow 0)5y 9 j9w95 3 py0icw ;o Calcium Phosphate
Genitourinary 5 (o155 o Kiws ol jg055 die) jo iy 1 o) sloudl
- adb g g adb SO p b g jomd Sel (oo on (250 e
le)_> OHGAJ ol i )BJ_Qag)M )| 6&&‘5_«» é‘;yw L) as ‘>9—"‘°g5‘°
Cwl susS S8 ‘569»_«»)3).94 L>9 gA_H} Cow! W‘Jf ULA)Q

1899 loow 0 Sy dwlol

alS’ 6,050 Lm0 epe L ol> g0 4 Multiple Myeloma 4 Sl Lo 70+

S o ol alds jo 5l glaakad U g la s nelSsigas] aoms | aulis asyle . aig-d o
Joyd b Jg,0815 )0 xazxi Ly g Tubular Cast Nephropathy ,o Cast jg,- &)j9-0 4 45
.a-5L Light Chain Deposition Disease <40 4u Jo b (900 L g j90meleal 0l



Yo4 Saeunan Sl Lo 53 55980 SLao)glie :p1ds Juad

(Kappa 6,425 yiion & 9as L) S 0,505 280 Vg oo Cast g 5l 50 Shg s
3guaS Hloap aS ayl by a8l o 3laslccelu Y ol 06,8 Lo Ve v 5l i
L g il adls corl> oolo s NSAID (il 158 o) lo) o By « Sdgulile j9uasl cpn>
Ol 05l oo daanid asyle ol (albl albls g)lyol padST a80 Euli8l 5 ondS o
305 L o Waldenstrom azurslSs,S e y e oSy i gLt oty o cle
S Jog5 sladshw 4o i doo Wilgi oo (g5 lo e i LT WSlgS oo 5eS

D95 e (Sl pydiow jop an a8 adl Jliws s Jloy Sy p 4l o

lodsb oz ola (ol S i Sjgo an alS (6550 0o ol el
S92 092 Syl daml Al g (oS 51 (AU ()l S p0 Jslendly
gt ool 5 S oy ) ey (5 4oy Sl 5, 51
.o Crystal-storing Histiocytosis

(oamedS 0l (bl caiiwe Multiple Myeloma g, Lop 4o Sl 457 Sliles 5o
Immunofixation b9, L ;lsl g gy (59 558955 oo pyns j40d 9 SG 5l o]
oS 55,05 gLlag,lo aJS 055 oo dogi Free Serum Light Chain (5o L)l
4SS g3 o (sl g 990 Plool (g iU g pn IS 090 a8 sl
Light Chain Cast (aseid U jleg g 0l plosil aldS vogn 398 Lo ;o .05 plod]
Multiple ;o zl, slaleys cwl S3an mY 285 1,8 ;Leys o Nephropathy
a_ole L ulgs o Bortezomib o5l La Proteasome Inhibitor sl Myeloma
O dwo il Carfilozomib (gg)ls .o 39, J218 joe S aie) ;o a S L)l
2o, L 50 La Bisphosphonate (3, —ac .05 o0 (H255 ol 59,50 Eely Lo g)lo
(Pamidronate) Focal and Segmental Glomerulosclerosis g (Zolendronate) a_JS s>
ol ol y o

1,8 Bortezomib g y95Lal330 Ly jloys ot Sloys amsle 31 ey 392 ;Lo
High Cutoff g j,8 Leeudl L oy leyo 0l YU S 0y )lme 457 (69,150 0. 28)8
3,100 0529 jemm o)) sl eslaiul ol B wmle s g 0ads sloiin, Hemodialysis



3909, Lo, glaine e

(Sloyd (o g po Loyl (£)lge 1T 05lels 0)glitue
<o Squamous Cell Carcinoma asus) ;o gy y9095 Eke 4 ol a1 L3
Jolss j o (=leys sy -9,—5 oo 1,8 Neo-adjuvant Chemotherapy L oo
A )low ]S Sileyd conih 3l asy 39, ai> .l 5-Fluoruoracil ¢ Cisplatin
Ll slom (8L (5919 599 - anbioe inldl 2 (o 5o 05 (e VA (lie
Lo adS 5yl 45105 o3y ey aslo 035 51, Lass -l 005 o5 (oo VB
FUN LT VPR W] L S| EPWEIRCH N W YNSRIV | PR V- PNV SO RG] B SO0 =N WS
s bl (g w)las JLsilie Jsbow Gialidl JgymeglS ol capmal ()55 50 095 o0
S9AS—l 9B s onaliive Jomgs JSIs Cast g (—nlin (L )3 (g9l Jolw 2Lid)]
2 Gl pienl s (lekeeS o) 5l (ganled  Cnl ouh cans (Hggi 9 (B ye i
s S e 15 5llisges oo oL 33 e 4 Lt s S9in 5L i

ol sed 39 adS o, Slos

WS o el o |y gyl ol 4SSl lew pgws S o Cisplatin gyl Ly Covegons
oS 48Lal g SenSoig i glorg)lo @l g cwlio (Slops aole g oloys Jo-bo o
ARB 9 ACE 09)_? éus)‘d OH‘SA d_uas.: UI)LM L.)_" o &F’LA)O = 4 p—J).M
Lagylo ol 51 leys o jo conl ipn 10T cacias ol 1) aldS a5 )L 2 ales oo
.)9.»».: sola_ul

slogls ol (Sleys o glmgyls asss) ;5 adS LTI Ile 358 05l

5 Jorosls (65,0 ale (glS aliie (B)lye w Sl oo (o (oD 50 po—iye
Sl 35,55 5 (o5 b gl JolS ol Ly g Jsmass 0 Shoe IS (g5 o0
oLy i Aol D90 ao (g SN ILES )lg0 (dny 0 0S slonl ooy
o 50 e slogylo Ly (oldlaes a7 (ol (b s Slslie s90nsls
A5 L ¥ o)lects Jpd S e oSS adS o, Shae U cde iyt 4y oy

0SS (o0 ) LBl (]39S pgiye (gLl Byan Loy 3 00 ()55 B)lee



¥

Saatunu sLag Lo p3 6551980 oY, gliie :pid Jiad

919 599 el 5 (Sloyd (oo 5 B adS 0, Mo 385 (b)) 50 s 455

Ol L 599 il weils (Sloyd (oo slag)lo Sl (mdar el 4S5y Shee L
G596l )10 599 2ol g (ilS S (bl I s 4 S, See
a5 1) (Slyd (sonB )0 pope (sl lo ¥ Jgoor 09 o dogt (9)ld Canogomne |

A oo ol casle g9 il ay 5L

b (oo Loy 50 pgape byl (B)lge 1Y Jgoor

Sl p)les

Platinium agents

9519 09,5 9 o

Antitumor

MCD, FSGS, TMA in pegulated form of

AKI, TMA, FLS, hypomagnesemia Cisplatin
Less nephrotoxic than Cisplatin Carboplatin
Less nephrotoxic than both Oxaloplatin

antibiotics

Antracyclines:

nephrolithiasis, ATN, AIN

doxorubicin Daunorubicin, Doxorubicin
T™MA Mitomycin C
SIADH, Hemorrhagic cystitis Cyclophosphamide
SIADH, FLS, polyuria , Hemorrhagic cystitis Ifosphamide
SIADH Melphalan
Chronic Interstitial nephrits, uric acid Nitrosureas:

Carmustine, Lamustine, Sterptozocin




S5 9-83 sLae, gldio

AKI Cladribine
Kidney dysfunction Fludarabine
AKI Clefaraine
TMA Gemicitabine
Falsely increased creatinine Hydroxyureas
ATN, SIADH, functional kidney impairment Methotrexate
ATN,Interstitial edema, RTA, DI Pemetrexed

AKI, Hemorrhagic cystitis

Antimicrotubule agents

Cabazitaxel

SIADH

Proteasome inhibitors

Vinca alkaloids:

Vincristine, Vinblastin , Vinorelbine

Immune Mod

Hyperkalemia

ulatory Drugs

T™MA Bortezomib
AKI, ATN, TLS, Prerenal azotemia carfilozomib
TMA Ixazomib
AIN, Rhabdomyolysis Aresenic Trioxide
AKI Etoposide

Thalidomide

AIN, AKI

lenalidomide

Thrombotic Microangiopathy: TMA, Acute tubular necrosis: ATN ,Acute interstitial nephritis:
AIN, Acute Kidney injury: AKI , MCD: Minimal change disease , Collapsing glomerulopathy:
CS, Focal and segmental glomerulosclerosis: FSGS, Tumor lysis syndrome: TLS, Fanconi -like
syndrome: FLS ,Syndrome of inappropriate secretion of ADH: SIADH, Renal tubular Acidosis:

RTA, Diabetes Insipidus: DI
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Arsenic trioxide Cladribine Etoposide Lomustine (CCNU) Pomalidomide
Bendamustine Clofarabine Fludarabine Melphalan Pralatrexate
Bleomycin Cyclophosphamide Hydroxyurea Methotrexate Streptozocin
Capecitabine Cytarabine high dose Ifosfamide Mitomycin Topotecan
Carboplatin Daunorubicin Irinotecan Oxaliplatin Trabectedin
Carmustine (BICNU) Epirubicin Ixazomib Pemetrexed Vinorelbine
Cisplatin Eribulin Lenalidomide Pentostatin

Targeted Molecular Therapy g9lS" (2,lg : ¥ 6;losls 0,9Liko
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U/A: WBC = many, RBC = 1+, Protein = 1+
Protein / Creatinine Ratio = 0.68 g/g

Creatinine = 2 mg/dL
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Anaplastic lymphoma kinase inhibitors

Decrease GFR , Na, K & Cyst formation Crizotinib

B cell Lymphoma inhibitors
AKI, TLS Venetoclax

BCR-ABL1 and KIT inhibitors

Decrease GFR, Hypophosphatemia Bosutinib
TLS, AKI, hypophosphatemia, Rhabdomyolysis Imatinib
AKI, Rhabdomyolysis, TMA, NS, proteinuria Dastinib
FLS,AKI Vemurafenib, Dabrafenib
AKI, Hyponatremia, AGN report Encorafenib,Binimetinib

EGEFR Pathway inhibitors

Low serum ( Na, Mg, Ca ,K) , AKI ,AGN Cetuximab , Panitumumab

EGEFR Tyrosine Kinase Inhibitors

AKI, NS (MCD,MGN), Low serum

Afatinib, Gefitinib, Erlotinib
(MG, Phosphorus, K)
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EGFR Inhibitors

Hypophosphatemia
HER?2 Inhib

May induce: HTN,Low serum (Na, K, Mg), AKI

Erdafinib,Pemigatinib

itors

Terastuzomab, Pertuzumab

Low serum (Na,K,Mg) HTN

Glomerulopathy, Proteinuria, ATN

mTor Inhibi

Lapatinib

tors

Temsirulimus

VEFG pathway inhibitors
Severe AKI Lenvatinib
HTN, Proteinuria, low serum ( PK, Na, Ca) Regorafenib

AIN, CIN, low serum ( P, Ca)

Sorafenib and Sunitinib

Poly-adenosine diphosphate ribose p

Proteinuria, electrolyte abnormalities, AKI Vandetanib
AKI Ibrutinib
AKI Moxetumomab

olymerase (PARP) inhibitors

AKI Olaparib
Low serum Na Selinexor
TMA, AIN, AKI, GN Check point inhibitors

Glomerular Fitration rate: GFR, Thrombotic Microangiopathy: TMA, Acute tubular necrosis:
ATN ,Acute interstitial nephritis: AIN, Acute Kidney injury: AKI, MCD: Minimal change disease
, Collapsing glomerulopathy: CS, Focal and segmental glomerulosclerosis: FSGS,Membranous

GN: MGN, Tumor lysis syndrome: TLS, Fanconi -liki

glomerlonephritis: AGN, Fibroblast growth factor
Magnesium: MG, Hypertension: HTN,VEGF: vasc

e syndrome: FLS ,Syndrome of inappropriate
secretion of ADH: SIADH, Renal tubular Acidosis: RTA, Diabetes Insipidus: DI, Acute
receptor: FGFR, Sodium: Na,Potassium: K,

ular epithelial growth factor
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Afatinib Imatinib Sunitinib
Bosutinib Lenvatinib Talazoparib
Brentuximab Olaparib Vandetanib
Crizotinib Sorafenib
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Table 1 Causes of combined renal and rheumatological disorders

No. Disease Prevalence of kidney Predominant pattern(s) of kidney injury
disease
A Kidney involvement as a direct result of rheumatic disease
1 Systemic lupus erythematosus 31-55% Glomerulonephritis
2 Vasculitis
Large vessel vasculitis 20-90% Renal artery stenosis
Medium vessel vasculitis 50-75% Renal artery microaneurysms, renal infarcts,
renal parenchymal bleed, hypertension
Small vessel vasculitis 50-90% Proliferative glomerulonephriti
3 Systemic sclerosis 60-80% Scleroderma renal crisis
4 Mixed connective tissue disorder 25-50% Glomerulonephritis, renal vascular discase
5 Rheumatoid arthritis 20-50% Amyloidosis
6 Primary Sjogren’s syndrome 5-71% Functional tubular defects, chronic interstitial
nephritis
7 Sarcoidosis 1-50% Granulomatous interstitial nephritis
8 Anti-phospholipid antibody syndrome 9-25% Renal vascular disease, thrombotic microangiopathy
9 Inflammatory myopathies 20-25% Pigment cast nephropathy, glomerulonephritis
B. Dmug induced kidney disease Acute tubular necrosis,

acute interstitial nephritis,
minimal change disease
C. Manifestations of kidney Dialysis-related amyloidosis,
disease mimicking rheumatic disease chronic kidney disease —
mineral bone disorder
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Table 2 ISN/RPS classification of lupus nephritis (LN)

Q1 o)l.o.:: JB“‘?)

Class 1

Class Il

Class 111

Class IV

Class V

Class VI

Minimal mesangial LN

Mesangial proliferative LN

Focal LN (< 50% of glomeruli)

® 111 {A): Active lesions

® (11 {A/C): Active and chronic lesions
® [11{C): Chronic lesions

Diffuse LN (= 50% of glomeruli)

Diffuse segmental (IV-S) or global (IV-G) LN
» [V [A): Active lesions

* [V [A/C): Active and chronic lesions

® [V (C): Chronic lesions

Membranous LN

Advanced sclerosing LN

Normal glomeruli by light microscopy, but mesangial immune deposits:
by immuno-fluorescence

Purely mesangial hypercellularity of any degree or mesangial matrix
expansion by light microscopy, with mesangial immune deposits
May be a few isolated subepithelial deposits visible by
immunofluorescence or electron microscopy, but not

by light microscopy

Active or inactive focal, segmental or global endo- or extracapillary
glomerulonephritis involving < 50% of all glomeruli, typically with
focal subendothelial immune deposits, with or without mesangial
alterations

Active or inactive diffuse, segmental or global endo- or extracapillary
glomerulonephritis involving = 50% of all glomeruli, typically with

diffuse subendothelial immune deposits, with or without mesangial
alterations

Global or segmental subepithelial immune deposits or
their morphologic sequelae by light microscopy and

by immunofluorescence or electron microscopy,

with our without mesangial alterations

=90% globally sclerosed glomeruli without residual activity

Diffuse is defined as > 50% of glomeruli affected. Focal is defined as < 50% of glomeruli affected. Segmental is defined as a glomerular lesion that
involves less than half of the glomerular wft. Global is defined as a glomerular lesion that involves half or more of the glomerular wft.
ISN/RPS, International Sociery of Nephrology/Renal Pathology Society.
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Class IV with crescents/with
impaired renal function

Induction Protocol

Pulse methylprednisolone 1 gILV. X 3
days, foll d by oral prednisol
1 mg/kg/day, WITH

Monthly pulse cyclophosphamide (0.75 to
1 gm/m’) X 6 months

Class lll/ IV without crescents/without
impaired renal function

Induction Protocol

Oral prednisolone 1 mg/kg/day, WITH
1) MMF (1.5 to 3 gm/day) X 6 months, OR

2) Pulse cyclophosphamide 500 mg 1.V.

every 2 weeks X 6 doses. Pulse

methylprednisclone 0.75 g I.V. X 3 days at
the start of therapy

RESPONSE RESISTANCE
[revome] e ]

Maintenance Protocol Switch to alternate agent
Low dose steroids (0.125 to 0.5 mg/kg/day) Cyclophosphamide in place of MMF & vice versa
WITH OR add Rituximab

MMF (1 to 2 gm/day) OR

Azathioprine (1 to 2 mg/kg/day)
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SLE patient develops new:
Proteinuria > 500 mg/d
Nephritic urine sediment [dysmorphic RBCs, RBC casts, WBC
casts) especially if combined with evidence of proteinuria
Decreased kidney function (attributable to SLE)

Mo

Non-Proiferam Non- P!oliferatwe Non-I.N Kidney
Dnsease {5%)
tliss ] Class VLN Class lI/IV LN Class I/IV LN Mixed Class il C!as: VLN *  lupus Ndocvanhw
(Subnephrotic (Chroniconly) || (Activeor Actives || or IV+V LN {Nephrotic * Thrombotic

Chronic) APLAS, aHUS, ‘m',!P
*  Interstitial Nephritis
*  Cryoglobulinemic GN
*  Acute Tubular Necrosis
¥

to treat ext | disease only * Immunosuppression to treat LN (See Figure 5 & 6) Treat varies according to
. thn@\r Protective Measures! * Kidney Protective Measures condition

(Y oylels JSC2)
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Immuno-adsorption g Lewl (@iexi -0

S Sglse sbagles -1

Criteria for complete or partial remission not met after 6 to 12 months of
induction therapy

ey
Assess adherence to therapy (mycophenolate levels if no MMF/prescription
refill monitoring)
Review prescribed therapy to ensure this follows guideline directed dosages

Repeat renal biopsy to exclude other renal lesions and to assess for chronicity
or significant persisting glomerular or interstitial inflammation

J L
N
Refractory lupus nephritis
1
s

Switch between MMF and CYC or vice versa

.
S

Consider:

RTX as additional or alternative therapy or
Combined CNI multitarget therapy or

Prolonged courses of intravenous pulsed CYS or
Entolment in clinical trials

(polie (swgps) Cu i (lays - ¥ oyleds JSU5)
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