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• 52세/남자

• 주소 : 하루동안의흉부불편감과호흡곤란

• 현병력 :

내원13년전지방간진단

최근한달사이식사는거의하지않고매일소주2병을먹음

3일전속이갑갑하고매스껍고물만마셔도구역질발생함

금일가슴답답함과호흡곤란으로내원함

• 과거력 : 내원3-4년전당뇨,고혈압진단

• 사회력 : 담배 1갑/하루, 술소주2명/하루

• 가족력 : 특이소견없음

• 생체징후 : 혈압 100/50 mmHg, 호흡수 20회/분, 체온 35.8도, 맥박수 104회/분

증례
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급성신손상의정의및분류





Annals of Internal Medicine • Vol. 166 No. 9 • 7 November 2017



Conceptual model for the 

diagnosis and treatment

of AKI

1. Renal function monitored 

closely by Scr & U/O

2.Careful assessment of vol

status & hemodynamics

1.1. Scr, U/O, Volume status & Hemodynamics



1.2. Medication

Am J Kidney Dis. 2018 Jul;72(1):136-148

MGH Nephrology guide

1. Very high level of VM ( > 50 ug/mL) → Nephrotoxic

2. If creatinine is rising acutely, assume GFR < 10. 

3. Pay close attention to narcotics and anti-coagulants, which may 

accumulate in renal failure.



JASN March 2019, 30 (3) 505-515;
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• No randomized trials comparing intravenous fluids to placebo for AKI prevention

• Early goal-directed therapy, in which septic patients received intravenous
crystalloids, inotropes, and transfusions according to predefined protocols,

had no effect on mortality or need for RRT in 3 subsequent large trials

2.1.Intravenous Fluid Resuscitation

N Engl J Med 2017;376:2223-34.



Assessment of fluid responsiveness

• Multiple clinical assessments and repeated measures to

assess fluid responsiveness.

• Intravenous fluids should be used judiciously in patients with

AKI who are not “volume responsive.”

• After significant volume resuscitation, even if patients remain

volume responsive, vasopressor support should be considered

to avoid markedly positive fluid balance.

2.1.Intravenous Fluid Resuscitation



2.1.Intravenous Fluid Resuscitation



2.2. Colloid Versus Crystalloid

SAFE trial

1. use of either 4 percent albumin or normal saline for fluid resuscitation 

results in similar outcomes at 28 days.

2. Ix for albumin: large-vol paracentesis for patients with ESLD

3. Cix for albumin: patients with traumatic brain injury 



2.2. Colloid Versus Crystalloid

CHEST study:

1. In patients in the ICU, there was no significant

difference in 90-day mortality between patients

resuscitated with 6% HES (130/0.4) or saline.

However, more patients who received

resuscitation with HES were treated with renal-

replacement therapy.

2. Following the publication of this study, the FDA

added additional warnings to the packaging for

HES.



2.2. Colloid Versus Crystalloid



Am J Kidney Dis. 2018 Dec;72(6):900-902



2.3. Physiologic Balanced Salt Solution Versus NormalSaline Solution

Isotonic 0.9% saline solution

• Higher chloride content than the extracellular space in humans

(154 vs w110 mmol/L)

• risk for hyperchloremic metabolic acidosis.

• Hyperchloremia associated with ↑renal vascular resistance,

↑renin activity, and ↓GFR in animal studies

• associated with ↑extravascular volume and ↓renal cortical tissue

perfusion compared to a balanced salt solution in healthy

volunteers,



2.3. Physiologic Balanced Salt Solution Versus Normal Saline Solution



2.3. Physiologic Balanced Salt Solution Versus Normal Saline Solution

SMART study

“ We'd be lucky to improve mortality by 1 percent 

with an expensive drug, much less a fluid that costs $2."



• We recommend controlled fluid resuscitation in volume depletion, while,

however, avoiding volume overload (Grade 1C).

• We recommend against the use of starches (Grade1A) as harm has been

shown and suggest not using gelatine or dextrans for fluid resuscitation

(Grade2C).

• We recommend correction of hypovolaemia/dehydration using isotonic

crystalloids in patients receiving intravascular contrast media (Grade 1B).

• We recommend regular monitoring of chloride levels and acid–base status in

situations where chloride rich solutions are used (BPS).

• We suggest the use of balanced crystalloids for large volume resuscitation

(Grade 2C).

• We suggest using human serum albumin if a colloid is deemed necessary for

the treatment of patients with septic shock (Grade 2C) Intensive Care Med (2017) 43:730–749



2.4. Blood Pressure Management

SEPSISPAM study



Vasoactive Medications in AKI

• Recent evidence continues to show no benefit of dopamine and

its agonists for the prevention or treatment of AKI.

• Angiotensin II shows promise as a vasoactive agent for the

treatment of distributive shock
Crit Care 18: 534, 2014

JAMA 316: 509–518, 2016

The VANISH Randomized Clinical Trial

2.4. Blood Pressure Management (Vasopressors)



• We recommend titrating vasopressors to a MAP of 65–70 mmHg (Grade 1B) rather than a

higher MAP target (80–85 mmHg) in patients with septic shock. However, for patients with

chronic hypertension we recommend aiming for a higher target (80–85 mmHg) for renal

protection in septic shock (Grade 1C).

• We recommend lowering systolic pressure to 140–190 mmHg rather than to 110–139 mmHg

in patients with acute cerebral haemorrhage with severe admission hypertension (Grade 1C).

• If vasopressors are needed for treatment of hypotension, we recommend norepinephrine

(along with correction of hypovolaemia) as the first-choice vasopressor vasopressor to protect

kidney function (Grade 1B) and suggest vasopressin in patients with vasoplegic shock after

cardiac surgery (Grade 2C).

• We suggest individualizing target pressure when premorbid blood pressure is available (BPS).

2.4. Blood Pressure Management (Vasopressors)
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• We recommend against loop diuretics given solely for the

prevention of acute kidney injury (Grade 1B).

• We suggest using diuretics to control or avoid fluid overload in

patients that are diuretic-responsive (Grade 2D).

3.1. Diuretics



3.1. Diuretics

Critical Care 2013, 17:R207

J Am Soc Nephrol 26: 2023–2031, 2015



3.2. Nutrition & Glucose control

The NICE-SUGAR Study



3.2. Nutrition & Glucose control

Intensive versus conventional glucose control in 
critically ill patients: 
A meta-analysis of randomized controlled trials



Goals of Nutrient Intakes in AKI

• 칼로리: 20-30 kal/kg/day

• Preferably provided via the enteral route

• Timing of nutritional support: enteral nutrition is the preferential

modality in the first 24 to 48 hours of intensive care unit stay

• Protein goal: 0.8-1.0 g/kg/day in non-catabolic pts, 1.1-1.5

g/kg/day in RRT, max 1.7 g/kg/day in hypercatabolic or CRRT

• Insulin therapy targeting plasma glucose: 110 to149mg/dL

• Vit C: 50 to 100 mg/day.

3.2. Nutrition & Glucose control

Journal of Renal Nutrition, Vol 23, No 3 (May), 2013: pp 255-258

KDIGO guideline 2012



Comprehensive Clinical Nephrology - 6th Edition 

NE, ANP, multipotent stem, ALP 

3.3. Pharmacotherapies for AKI 



3.3. Pharmacotherapies for AKI 

Am J Kidney Dis. 2018 Jul;72(1):136-148. 



The handwriting is on the wall: There will soon be a drug for AKI

1. The new drugs for mitochondrial 

dysfunction in AKI

1) ACMSD (Alpha-amino-beta-

carboxymuconate-e-semialdehyde

decarboxylase)

2) QPRT (Qinolinate

Phosphoribosyltransferase)

3) NAM (Nicotinamide)

2. Trial end points including AKI 

stage

1) MAKE (Major Adverse Kidney 

Events)

2) RFR (Renal Functional Reserve): 

3) FO (10% Fluid Overload)

Nat Rev Nephrol. 2019 Feb;15(2):65-66

3.3. Pharmacotherapies for AKI 
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Tx of Volume depletion

• judicious administration, beginning with 1 to 3 liters of fluid, with

careful and repeated clinical assessment to assess the patient's

response to this therapy

• Fluids should be targeted to physiologic endpoints such as

mean arterial pressure or urine output or, among patients in

whom invasive monitoring is utilized, to dynamic changes in

cardiac output

• Although no consensus exists to guide therapy, among

hemodynamically stable patients who do not have overt

evidence of volume depletion, we administer 75 to 100 mL per

hour for a total of 1 to 3 liters.

4.1. Volume Depletion

UptoDates



4.1. Volume Depletion



4.1. Volume Overload

Tx of Fluid overload

• Diuretics: continuous infusion can be tried because it is less ototoxic

• currently no evidence to support the use of natriuretic peptides as an

adjunctive treatment in AKI.

• Morphine and nitrates can be used to alleviate the respiratory

symptoms of pulmonary edema in urgent situations.

1) Morphine can be administered intravenously at an initial dose of 2 to 4

mg over a 3-minute period and repeated at 5- to 15-minute intervals

as needed.

2) Nitrates are also commonly used. Nitroglycerin reduces left ventricular

filling pressure through venodilation; an initial dose of 5 mcg of

intravenous nitroglycerin per minute can be used

Comprehensive Clinical Nephrology 8th  p,834



Tx of K disorders

• severe hyperkalemia (serum K > 6.5 mmol/L or with ECG changes)

• Calcium gluconate to reduce the risk of arrhythmia

• Next step: to enhance the shift of K to ICF (insulin plus dextrose,
beta agonists, or sodium bicarbonate)

• K excretion: sorbitol with sodium polystyrene sulfonate or calcium
polystyrene sulfonate resins

• New agent: not studied to treat acute hyperK

1) Patiromer (approved by FDA)

2) ZS-9 (Na zirconium cyclosilicate)

4.2. K disorders

Ann Intern Med. 2017 Nov 7;167(9):ITC66-ITC80



Tx of Na disorders

• HypoNa:

1) 체액량부족: 생리식염수투여

2) 체액량과다: 수분제한및 furosemide, 소금섭취제한,

• HyperNa:

1) 원인: in AKI with dehydration, NS투여후, 수분제한

2) Tx: providing water via enteral routes or IV hyponatric solutions.

4.3. Na disorders

Ann Intern Med. 2017 Nov 7;167(9):ITC66-ITC80



Tx of Ca, P & Mg

• HyperP

1) 원인: 신장에서제거감소, 횡문근융해증시세포외누출증가

2) No RCT about the benefits of treating HyperP

3) Tx: dietary P restriction & oral phosphate binders

• HyperCa

1) 원인: 다발성골수종에동반된 AKI

2) Tx: volume expansion & furosemide 투여

• HypoCa:

1) 원인: HyperP, PTH에 저항성, calcitriol 생산 감소, bicarbonate투여로 인해
서 hypoCa 심해짐

2) Tx: Ca gluconate (혈관외누출시조직괴사를덜일으킴)

• HyperMg

1) 원인: Mg infusion

2) Tx: Mg 주입중지, furosemide 투여

4.4. Calcium and P disorders

Ann Intern Med. 2017 Nov 7;167(9):ITC66-ITC80



Tx of Acid-Base disorders

• Metabolic acidosis(M/C) by reduced regeneration of bicarbonate &

failure to excrete ammonium ions

• Na-bicarbonate if serum HCO3 < 15-18

• most physicians restrict the administration of sodium bicarbonate

to patients with severe metabolic acidosis (arterial pH <7.10 to 7.15)

• Alternative forms of base treatment such as

tris(hydroxymethyl)aminomethane (THAM) are not recommended in

patients with AKI because THAM can cause hyperkalemia.

• protein restriction is not recommended in AKI.

4.5. Acid-Base disorders



질문

1. 신대체요법의 적응증은 무엇인가요?

2. 신대체요법을 언제 시작하고 언제 중지할까요?

3. 간헐적 HD를 할까요, CRRT를 할까요?

4. 가장 안전하고 가장 효과적인 항응고제는 무엇인가요?

5. 시행해야 할 투석량은 어느 정도인가요?

6. CRRT가 신기능 회복에 미치는 영향은 어떤가요?

7. 신대체요법시 항생제 등의 약제 적정투여용량이 있나요?



Journal of Hospital Medicine 2019;14:XXX-XXX.



Indication of CRRT in Gospel Hospital

1. 절대적응증

1) 혈역학적으로불안정할때

2) Fulminant hepatic failure

3) Generalized brain edema

4) 대사성산증이동반된심한패혈증

2. 상대적응증

1) 저혈압의위험인자가있을경우 (간부전, 간경변증등)

2) 횡문근융해증

3) 종양융해증후군

4) 심한체액량과다

5) 진료과의강력한요청등



지속적신대체요법의 renal indication은 (    )이다

1. 과다한체액량을내과적치료로조절하지못하고혈압이낮은경우

2. 고칼륨혈증을내과적치료로조절하지못하고혈압이낮은경우

3. 대사성산증을내과적치료로조절하지못하고혈압이낮은경우

4. 요독증을내과적치료로조절하지못하고혈압이낮은경우

5. 급성신손상이동반된외상성뇌손상이있는경우

6. 급성신손상이동반된간부전이있는경우



지속적신대체요법의 nonrenal indication은 (    )이다

• 간부전

• 췌장염

• 체액량 과다 ( >10%)

• 횡문근 융해증

• 조영제 신손상

• 난치성 고열상태

• 급성 신경계 손상

• 저혈압이 동반된 중독

• 급성 비보상성 심부전

• 심한 패혈증과 패혈성 쇼크



지속적신대체요법을마치는시기는?

• 일반병실이동

• 환자의전신상태

• Ccr > 12-20 mL/min

• 혈청크레아티닌 < 3.0 mg/dL

• 승압제없이혈압및맥박수유지

• 소변량최소하루 1000-1500 mL이상 (최소 500-600 cc이상)
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A Euvolemic Kidney is a Happy Kidney,
Fluids are NOT always the answer

1. Optimize hemodynamics: Stop NSAIDs, ACEi/ARBs. Correct volume status.

1) Administer fluids if hypovolemic, diuretics if volume overloaded w/ physiologic

targets (e.g. MAP, UOP).

2) No evidence of benefit for dopamine (Ann Int Med 2005;142:510), empiric diuretics in oliguria

(JAMA 2002;288:2547), or mannitol

2. Manage complications: hyperK treatment, phos binders, DDAVP 0.3 mcg/kg IV

prn uremic bleeding

3. Avoid nephrotoxins: iodinated contrast, NSAIDs, ACEi/ARB, calcineurin inhibitors,

aminoglycosides, fleets enemas

4. Renally dose meds: antibiotics, narcotics, LMWH→ UFH, Keppra (remember Cr

much overestimates GFR in AKI) Harvard Board Review 2018 (Joseph V. Bonventre MD PhD)

MGH Nephrology Guide 2018



마무리

1. 일반치료

1) 콩팥기능 (Serum Cr & 소변량) 모니터링및체액량과혈역학적상태확인

2) 약제중지/조절

3) KDIGO bundle: 체액량/혈역학적유지, 신독성약제피하기. 고혈당피하기

2. 혈역학적유지

1) 수액투여반응평가: 맥압/심박출량, IVC 지름, SCV 지름등

2) Colloid (in liver failure or burns)? Vs Crystalloid !

3) HES: no longer recommended(European Medicines Agency & FDA)

4) Cl Crystalloid (염소와산염기평가)? Vs Balanced Crystalloid ! (다량주입시)

5) 혈압: MAP 65-70, 80-85 in HBP, NE !, VP in vasoplegic shock



3. 이뇨제, 영양요법

1) 이뇨제: 체액량조절, Furosemide stress test (UO < 100cc/hr  poor Px)

2) 혈당: BST 110-149 유지,

3) 영양요법: 칼로리, enteral route, protein goal

4) AKI약제: NE, ANP, multipotent stem, ALP 등

4. 합병증치료

1) Fluid Mx protocol: CVP(4<,4-8,8-12,>12), MAP(>60), Off Vasopressor, UO (>0.5)

2) 체액결핍(1-3리터/day, MAP/UO), 체액과다(이뇨제, morphine/nitrates)

3) HyperK (> 6.5 or ECG변화): Ca gluconate, shift of K to ICF, excretion, new drug?

4) HypoNa/HyperNa

5) HyperP, HypoCa/HyperCa, HyperMg

6) 대사성산증: NaHCO3?, 단백섭취제한??

마무리



마무리

5. The new drugs for mitochondrial dysfunction in AKI

1) ACMSD (Alpha-amino-beta-carboxymuconate-e-semialdehyde decarboxylase)

2) QPRT (Qinolinate Phosphoribosyltransferase)

3) NAM (Nicotinamide)

6. Trial end points including AKI stage

1) MAKE (Major Adverse Kidney Events): death, new RRT, 지속적신기능이상

2) RFR (Renal Functional Reserve): furosemide stress test

3) FO (10% Fluid Overload)



A Euvolemic Kidney is a Happy Kidney, 

Fluids are NOT always the answer

고신대학교부속복음병원신장내과
TEL 051-990-6108
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