
일시 : 2023. 10. 14. (토) 09:00-16:35

설문 참여하기 질문하기



AGENDA
09:00 - 09:25 등록

09:25 - 09:26 프로그램 및 진행 안내 ●  정성진 (가톨릭의대 신장내과)

09:26 - 09:28 개회사 ●  김수완 (전남의대 신장내과)

09:28 - 09:30 축사 ●  임춘수 (서울의대 신장내과)

1부 Looking Back to See Ahead ●  좌장: 김수완 (전남의대 신장내과)

09:30 - 09:55 노인 고혈압: 제대로 치료되고 있는가? ●  유민아 (이화의대 신장내과)

09:55 - 10:20 저항고혈압 치료에 있어 신장신경차단술은 효과적인가? ●  권순길 (충북의대 신장내과)

10:20 - 10:45
신장결석증 예방을 위한 싸이아자이드의 효과는
재검토되어야 하는가?

●  오태렴 (전남의대 신장내과)

10:45 - 11:00 휴식

2부 전해질 및 산염기 분야의 궁금증 ●  좌장: 임춘수 (서울의대 신장내과)

11:00 - 11:25 
Cerebral salt wasting은 저나트륨혈증의 원인이 
될 수 있는가?

●  백선하  (한림의대 신장내과)

11:25 - 11:50 혈청포타슘이 약간 높아도 수술하는데 지장이 없을까? ●  조현정 (충북의대 신장내과)

11:50 - 12:15
대사산증이 동반된 신장이식 환자에서 알칼리요법이 
도움이 될 것인가?

●  윤혜은 (가톨릭의대 신장내과)

12:15 - 13:15 식사

3부 State-of-the-Art Lecture ●  좌장: 박형천 (연세의대 신장내과)

13:15 - 13:45 
Kidney and Hypertension
: The Beginning and Target Organ 

●  김수완  (전남의대 신장내과)

13:45 - 14:15
Tubular transport mechanism focusing on fluid 
balance and homeostasis

●  권태환 (경북의대 생화학교실)

14:15 - 14:45 Urine indices: From Physiology into Clinical Practice ●  김근호 (한양의대 신장내과)

14:45 - 15:00 휴식

4부 고혈압 진단과 치료에 도움이 되는 강의 ●  좌장: 한승엽 (계명의대 신장내과)

15:00 - 15:30 소아청소년 고혈압의 평가 및 치료에 대한 최신 지견 ●  남궁미경 (연세원주의대 소아청소년과)

15:30 - 16:00 신장초음파의 기초 ●  홍성숙 (순천향의대 영상의학과)

16:00 - 16:30 고혈압 평가를 위한 심장초음파의 역할 ●  이연정 (한림의대 순환기내과)

16:30 - 16:35 폐회사 ●  김수완  (전남의대 신장내과)



1부

Looking Back to See Ahead
● 좌장: 김수완 (전남의대 신장내과)

09:30 - 09:55
노인 고혈압: 제대로 치료되고 있는가?
● 유민아 (이화의대 신장내과)

09:55 - 10:20
저항고혈압 치료에 있어 신장신경차단술은 효과적인가?
● 권순길 (충북의대 신장내과)

10:20 - 10:45

신장결석증 예방을 위한 싸이아자이드의 효과는 
재검토되어야 하는가?
● 오태렴 (전남의대 신장내과)

10:45 - 11:00 휴식

전해질고혈압연구회
전해질 장애와 고혈압의 원인, 역학, 병태생리,진단 및 치료에 대한 

연구 활동을 하고 있습니다.

http://enbp.org

설문 참여하기 질문하기



노인 고혈압: 제대로 치료되고 있는가?

노인 고혈압: 제대로 치료
되고 있는가?

2023.10.14

이대서울병원

유민아

2023년 대한신장학회 전해질고혈압연구회 심포지엄

Epidemiology of Hypertension Related to Aging

Wilbert S. Aronow. Circulation. ACCF/AHA 2011 Expert Consensus D
ocument on Hypertension in the Elderly, Volume: 123, Issue: 21, Page
s: 2434-2506, DOI: (10.1161/CIR.0b013e31821daaf6) 

2023년 대한신장학회 전해질고혈압연구회 심포지엄노인 고혈압의역학

노인 고혈압의 특성

• Pseudohypertension
• White coat hypertension
• Ankle blood pressure
• Ambulatory blood pressure monitoring
• 자가 혈압 측정
• 대동맥 수축기압과 맥압은 증가
• 이완기압은 감소
• Isolated hypertension

2023년 대한신장학회 전해질고혈압연구회 심포지엄

Front Cardiovasc Med 2020

HYVET Trial

NEJM 2008

Heart failure

노인 고혈압의 치료 필요성 2023년 대한신장학회 전해질고혈압연구회 심포지엄



노인 고혈압: 제대로 치료되고 있는가?

OSCAR study

Am J Med 2012

노인 고혈압의 치료 필요성 2 2023년 대한신장학회 전해질고혈압연구회 심포지엄

STEP study

NEJM 2021

노인 고혈압의치료 권고안

Journal of Medicine and Life Science, 2022

2023년 대한신장학회 전해질고혈압연구회 심포지엄

Isolated Systolic Hypertension

Vidal-Petiot E, Ford I, Greenlaw N, et al. Cardiovascular event rates and 
mortality according to achieved systolic and diastolic blood pressure in 
patients with stable coronary artery disease: An international cohort study. 
Lancet 2016.

2023년 대한신장학회 전해질고혈압연구회 심포지엄



노인 고혈압: 제대로 치료되고 있는가?

Importance of Diastolic Pressure

Annals of internal medicine, 2006

2023년 대한신장학회 전해질고혈압연구회 심포지엄

Age and Ageing 2022

2023년 대한신장학회 전해질고혈압연구회 심포지엄

Fraility

Circulation Research, 2019

2023년 대한신장학회 전해질고혈압연구회 심포지엄

Summary

• Thiazide, CCB, ARB (ACEi)
• 치료 시작 140, 90
• 치료목표 130, 80
• Diastolic 60 미만으로 떨어지지 않도록 한다.

2023년 대한신장학회 전해질고혈압연구회 심포지엄



저항고혈압 치료에 있어 신장신경차단술은 효과적인가?

저항고혈압 치료에 있어 
신장신경차단술은 효과적인가?

충북대학교병원 신장내과
권 순 길

CONTENTS
• Background

• Renal denervation trials for resistant hypertension

• Outcomes and meta-analysis of RDN

• Recent clinical trials

• RDN beyond-hypertension

• Summary and future aspects

Resistant hypertension (8.9-62.5%?)

Egan BM. Circulation 2011;124:1046-1058.

We found that a TRH increased from 15.9% (1998–2004) to 28.0% (2005–2008) 
of treated patients (p < 0.001)

이뇨제를 포함한 3제 이상 최고 용량을 복용하면서 140/90 mmHg 이상 지속

Compliance of the patients

The highest prevalence of partial and total nonadherence was among follow-up 
patients with inadequate blood pressure control (28.8%) and those referred for 
consideration of renal denervation (23.5%), respectively

Tomaszewski M. Heart 2014;100:855–861



Thoracic 
sympathectomy

Renal sympathetic activities

Renal efferent activity Renal afferent activity

Krum. Br J Clin Pharmacol  2013;76:495–503

Surgical renal denervation
• History of renal denervation

• Cervical sympathetic denervation (Jaboulay.  Lyonmed 1895;80:341)

• Renal denervation for pain control (Papin. J Urol 1924;11:337)

• Renal denervation for BP control (Page. J Clin Invest 1935;14:27-30)

Complication of surgery
• “Irreversible complications”

• Impotence
• Urinary incontinence
• Orthostatic hypotension

저항고혈압 치료에 있어 신장신경차단술은 효과적인가?



Catheter-related denervation

Krum. Circulation 2011;123:209-215

CONTENTS
• Background

• Renal denervation trials for resistant hypertension

• Outcomes and meta-analysis of RDN

• Recent clinical trials

• RDN for beyond-hypertension

• Summary and future aspects

Symplicity HTN-1

Hypertension 2011;57:911-917

Symplicity HTN-2

Lancet 2010;376:1903–09

저항고혈압 치료에 있어 신장신경차단술은 효과적인가?



Symplicity HTN-1, 2 Trials
• Symplicity HTN-1 (Hypertension 2011;57:911-917)

• 153 with RDN in Australia, Europe, and the US
• 20/10, 25/11, 26/14, and 32/14 mmHg (1,6,12,24 Mo)

• Symplicity HTN-2 (Lancet 2010;376:1903–09)
• 52 (RDN) vs. 54 (control) randomized in Europe, 

Australia, and New Zealand
• Between-group differences in BP at 6 months were 

33/11 mm Hg (p<0·0001)

그러나 효과 없음이 밝혀져…

N Engl J Med 2014;370:1393-40

N Engl J Med 2014;370:1393-40

CONTENTS
• Background

• Renal denervation trials for resistant hypertension

• Outcomes and meta-analysis of RDN

• Recent clinical trials

• RDN beyond-hypertension

• Summary and future aspects

저항고혈압 치료에 있어 신장신경차단술은 효과적인가?



메타분석 (Sci Rep 2019): 효과 없다

Our meta-analysis of 15 RCTs showed no significant benefit of RDN on blood pressure 
control in patients with resistant hypertension.

진료실
혈압

24시간
혈압

메타분석 (JACC 2021): 효과 있다

Although the magnitude of benefit, about 4/2 mm Hg, is modest, it is similar between 
patients on background antihypertensive medications and those who are not.

저항고혈압 치료에 있어 신장신경차단술은 효과적인가?



24시간
혈압

진료실
혈압

Cochrane Database of Systematic Reviews 2021, Issue 11. Art. No.: CD011499.

There is low-certainty evidence that renal denervation does not improve 
major cardiovascular outcomes and renal function.

Conversely, moderate-certainty evidence exists that it may improve 24h 
ABPM and diastolic office-measured BP

저항고혈압 치료에 있어 신장신경차단술은 효과적인가?



RDN의 효과 비교 (BB, CCB)

Messerli JACC 2021;77:2920-2

CONTENTS
• Background

• Renal denervation trials for resistant hypertension

• Outcomes and meta-analysis of RDN

• Recent clinical trials

• RDN beyond-hypertension

• Summary and future aspects

우리나라 데이터 (2021): 효과 있음

Office systolic blood pressure was safely reduced at up to 36 months post-renal denervation 
in GSR Korea, and adverse events were rare. In addition, patients with and without diabetes 
had similar office systolic blood pressure reductions.

Kim BK Hypertension Research 2021

Non-Randomized Trial

저항고혈압 치료에 있어 신장신경차단술은 효과적인가?



2022년 일본과 한국에서 연구: 효과 없음

다양한 국가, 36개월 (2022): 효과 있음

Lancet 2022; 399: 1401–10

A clinically meaningful and lasting blood pressure reduction up to 36 months of follow-up.

Significant reductions in night-time and early morning ambulatory blood pressure at 24 
months and 36 months could translate into reductions in cardiovascular events, including 
stroke and heart failure.

저항고혈압 치료에 있어 신장신경차단술은 효과적인가?



CONTENTS
• Background

• Renal denervation trials for resistant hypertension

• Outcomes and meta-analysis of RDN

• Recent clinical trials

• RDN beyond-hypertension

• Summary and future aspects

RDN beyond hypertension
• Glucose control?
• Sleep apnea syndrome?
• Left ventricular hyperplasia?
• Congestive heart failure?
• Chronic kidney disease?
• Pain control?

RDN beyond hypertension
• Glucose control?
• Sleep apnea syndrome?
• Left ventricular hyperplasia?
• Congestive heart failure?
• Chronic kidney disease?

Circulation 2011; 123: 1940–6

Improved HbA1C 6.1% versus 5.6%; p<0.05
Sleep apnea index changed after RDN,
16.3 versus 4.5 events/hr; p=0.059

Hypertension. 2011;58:559-565

RDN beyond hypertension
• Glucose control?
• Sleep apnea syndrome?
• Left ventricular hyperplasia?
• Congestive heart failure?
• Chronic kidney disease?
• Pain control?

RDN 후 LV mass 감소
(일부환자는 혈압과 무관하게 감소)

JACC 2012;59:901–9

NT-proBNP 를 감소시켰으나
EF 호전 효과는 없었음

J Cardiac Failure 2017;23:702-7

저항고혈압 치료에 있어 신장신경차단술은 효과적인가?



RDN beyond hypertension
• Glucose control?
• Sleep apnea syndrome?
• Left ventricular hyperplasia?
• Congestive heart failure?
• Chronic kidney disease?
• Pain control?

RDN and renal function

We conclude that renal function does not significantly change up to at least 
9 months after RDN

CKD에서도 혈압 강하 효과?

RDN in 15 patients with stage 3–4 CKD (mean eGFR, 31 ml/min per 1.73 m2

1, 3, 6, and 12 months were -34/-14, -25/-11, -32/-15, and -33/-19 mmHg

J Am Soc Nephrol 2012;23:1250–1257

저항고혈압 치료에 있어 신장신경차단술은 효과적인가?



J Am Soc Nephrol 2012;23:1250–1257

RDN in dialysis: 효과적

RDN beyond hypertension
• Glucose control?
• Sleep apnea syndrome?
• Left ventricular hyperplasia?
• Congestive heart failure?
• Chronic kidney disease?
• Pain control?

After a median follow-up of 12 months, 81.8% of the patients experienced a 
sustained improvement in pain intensity

Kidney International 2017;91:972–981

저항고혈압 치료에 있어 신장신경차단술은 효과적인가?



Kidney International 2017;91:972–981

13 of 44 patients:
Diagnostic celiac plexus block only

5 of 44 patients:
Renal denervation

23 of 44 patients:
RF-major splanchnic plexus block

Sustained pain

Transient relief

CONTENTS
• Background

• Renal denervation trials for resistant hypertension

• Outcomes and meta-analysis of RDN

• Recent clinical trials

• RDN beyond-hypertension

• Summary and future aspects

요약

•저항성고혈압 치료에 있어 신장신경차단술은 

효과적이라고 하기에는 아직 증거가 부족하다.

•그러나 신경차단 기술의 발달로 최적화가 이루어지고, 

시술에 잘 반응하는 환자들을 선정한다면 치료 효과를 

현저히 높일 수 있을 것으로 기대된다.

Predictors of RDN responses

Am J Kidney Dis 2022;80(4):527-535

저항고혈압 치료에 있어 신장신경차단술은 효과적인가?



2022 태국 고혈압학회 가이드라인

• Beta-blockers took decades to find their place in cardiovascular 
therapy and make a 180° turn from being strictly contraindicated.

• We can only hope that such an odyssey will not happen with 
RDN and that the right tree or at least the right branch will be 
identified while the dog is still barking.

Messerli JACC 2021;77:2920-2

경청해  주셔서  
감사합니다..

저항고혈압 치료에 있어 신장신경차단술은 효과적인가?
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신장결석증 예방을 위한 싸이아자이드의 효과는 재검토되어야 하는가?



2부

전해질 및 산염기 분야의 궁금증
● 좌장: 임춘수 (서울의대 신장내과)

11:00 - 11:25

Cerebral salt wasting은 
저나트륨혈증의 원인이 될 수 있는가?
● 백선하 (한림의대 신장내과)

11:25 - 11:50
혈청포타슘이 약간 높아도 수술하는데 지장이 없을까?
● 조현정 (충북의대 신장내과)

11:50 - 12:15

대사산증이 동반된 신장이식 환자에서 
알칼리요법이도움이 될 것인가?
● 윤혜은 (가톨릭의대 신장내과)

12:15 - 13:15 식사

전해질고혈압연구회
전해질 장애와 고혈압의 원인, 역학, 병태생리,진단 및 치료에 대한 

연구 활동을 하고 있습니다.

http://enbp.org

설문 참여하기 질문하기



Cerebral salt wasting은 저나트륨혈증의 원인이 될 수 있는가?

Cerebral Salt Wasting Is a Real Cause of 
Hyponatremia?

Seon Ha Baek, MD.PhD

Hallym University Dongtan Sacred Heart Hospital

Pros and Cons

Agenda 

l Brief Overview of Hyponatremia

- Importance of identifying the Underlying Cause

l Cerebral Salt Wasting (CSW): Traditional Concept

l CSW vs SIAD: Similarity and Difference 

l Pros and Cons about CSW, as Real Cause of Hyponatremia

Agenda 

l Brief Overview of Hyponatremia

- Importance of identifying the Underlying Cause

l Cerebral Salt Wasting (CSW): Traditional Concept

l CSW vs SIAD: Similarity and Difference 

l Pros and Cons about CSW, as Real Cause of hyponatremia

Brief Overview of Hyponatremia

l Hyponatremia (serum sodium [sNa] <135 mmol/L) 

- Most common electrolyte abnormality 

- Increased mortality and morbidity that arise from itself and treatment error.

- Cause of Hyponatremia and Diagnostic approach  Eur J Endocrinol 2014;170:G1-G47
N Engl J Med 2000;342:1581-1589

Harrison 21th edition



Cerebral salt wasting은 저나트륨혈증의 원인이 될 수 있는가?

Cause of Hyponatremia: Importance of identifying the Underlying Cause

Eur J Endocrinol 2014;170:G1-G47

1. Serum Osmolality 

2. 

3. 

4. Volume status

Cerebral Salt Wasting Syndrome: Traditional Concept 

J Neurosci Nur 2020;52 (6):289-294

Cerebral Salt Wasting Syndrome: Traditional Concept 

ü CSW was first proposed in 1950 to explain natriuresis and hyponatremia 
accompanying intracranial disease. 

ü CSW present with identical clinical characteristics except being hypovolemic 
(primary natriuresis) and having appropriately increased ADH levels. 

ü Diagnostic Criteria 
- Negative sodium balance (natriuresis) with (increased urine output)
- Physical exam finding of hypovolemia (contracted effective arterial blood volume): 

low BP and tachycardia 
- Reduced RBC mass and plasma volume 
- CVP ≤ 5cm H2O
- SNa increases in response to saline 

Long-standing debates for CSW and SIAD 

ü CSW was first proposed in 1950 to explain natriuresis and hyponatremia accompanying 
intracranial disease. 

ü First clinical description of SIAD in 1957: nonosmotic vasopressin secretion with secondary 
natriuresis 

ü CSW became as an extremely rare disorder or a misnomer for what was truly SIAD, 
disappeared from literature for almost 20 years.

ü Resurgence of CSW as a clinical entity in 1980s with reports of patients developing 
hyponatremia after neurosurgical procedures or in association with SAH or stroke 
(embraced by most neurointensivists) 

à As a distinct entity persists today : CSW vs SIAD (due to assessment of volume status)

ü Maesaka and co-workers took one step further: CSW is more common than SIAD in the 
absence of cerebral disease and can occur with normonatremia 

ü Debates of CSW as a real cause of hyponatremia (Verbalis and Sterns vs Maesaka)
J Am Soc Nephrol 2008;19:194-196, CJASN 2020;15:1666-1668, KIDNEY360 2023;4:445-447, KIDNEY360 2023;4:441-444
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SIAD, Diagnostic Major and Minor Criteria 

Kidney Res Cin Pract 2022;41(4):393-411

Inappropriate AVP secretion with secondary natriuresis  

Cerebral Salt Wasting Is a Real Cause of 
Hyponatremia?

Pros and Cons 

CSW vs SIAD: similarity and difference

J Clin Med 2022;11:7445, Modified

Similarity

Major 
difference

J Neurosci Nur 2020;52 (6):289-294

Pros, CSW: 1) Model of Pathophysiology 
l It is time to abandon the outmoded volume approach 

KIDNEY360 2023;4:445-447
J Clin Med 2022;11:7445

NF
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Pros, CSW
Handling of filtered urate, 
lithium, sodium by different 
segments of renal tubule  

J Clin Med 2022;11:7445

Pro, CSW: 
3) Effect of isotonic saline on urine osmolality 

Effect of isotonic saline infusion on uOsm and sOsm in 
volume depleted hip fracture w/o cerebral disease

à Progressive urine dilution and normalizing sNa  

Effect of isotonic saline infusion on uOsm and sOsm in SIAD

à Absence of urine dilution or correction of hyponatremia

J Clin Med 2022;11:7445

Pro, CSW: 
2) Algorithm utilizing FEurate to identify causes of hyponatremia 

J Clin Med 2022;11:7445
Am J Med Sci 2018; 356:15-22

31% 
38%

27%

62 hyponatremic patients 
in general medical ward
(prevalence, %)

Pro, CSW: 
4) Identification of Haptoglobin Related Protein without Signal Peptide 
(HRPWSP) as Natriuretic Factor (NF) in renal salt wasting (RSW)
: Change cerebral to renal salt wasting

: Does not include other causes of salt wasting such as chronic kidney disease, 
Addison’s disease, Batter or Gitelman’s syndrome 

(1) Initiation of Nonequilibrated Phase 
- Nutriuretic factor, HPRWSP, major effect on proximal tubule sodium transport to increase sodium and 

water excretion à hemodynamic instability: lower BP and postural hypotension with tachycardia, 
polyuria

- HPRWSP, inhibitor of proximal tubular sodium transport 

(2) Equilibrated State 
- Escape the effects of salt wasting natriuretic protein by undergoing humoral, hemodynamic, neuronal 
compensation

J Clin Med 2022;11:7445
l Studies
injected the plasma of 21 patients with neurosurgical diseases and 18 AD patients into rats
à significant increases in FENa, FElithium and urine flow rates (UFR) without changing BP or GFR as 
compared to normal and gender-matched controls Life Sci 1993;52: 1875-1882

J Am Geriatr Soc 1993;41: 501-506
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Pro, CSW: 
4) Identification of Haptoglobin Related Protein without Signal Peptide 
(HRPWSP) as Natriuretic Factor (NF) in renal salt wasting (RSW)
l Setting:  
- same rat renal clearance studies
- determine natriuretic activity (NA) in serum from a patient with a SAH and another with Alzheimer’s disease (AD)
- demonstrate NA in serum: proteomic and SWATH (Sequential Windowed Acquisition of All) analyses

Am J Med Sci 2021;361 (2):261-268 

Among 664 proteins, intravenous infusion of HPRWSP into rats induced significant dose-dependent 
increase in FENa and UFR  

Pros, CWS (conclusion) 
1. RSW is common in general medical wards (≈38%).
2. Change CSW to RSW. RSW would not be considered without  presence of cerebral disease. 

3. RSW can occur in hyponatremic and in a potentially large number of normonatremic

patients, especially in SAH or AD

4. Determining urine sodium concentrations in work up of hyponatremia is not as informative as 
professed to be. 

5. Identification of HPRWSP that probably causes RSW can have following clinical applications:

a. Serve as a biomarker of RSW to simplify the diagnosis of RSW including AD,  appropriate 
management and improve clinical outcomes.
b. Because RSW will increase excretion of large urine volumes including distressing nocturia, 
there is a need to develop an inhibitor to HPRWSP to improve outcomes.

c. HPRWSP, a potent proximal diuretic inhibitor, which can be combined with a distal diuretic to 
effectively eliminate the fluid overload of CHF and improve clinical outcomes.

J Clin Med 2022;11:7445

Pro, CSW: 
4) RSW occurring without hyponatremia, especially AD and SAH 

J Am Geriatr Soc 1993;41: 501-506

l HPRWSP was only protein with natriuretic activity in AD sera.
l Progressive increase in FElithium was associated with worsening AD (MMSE)
l RSW is probably present in many normonatremic patients with AD and SAH

J Clin Med 2022;11:7445

l Widely disparate prevalence of CSW in SAH 

Cons, CWS  

CJASN 2020;15:1666-1668

à Question the validity of criteria for diagnosis of CSW



Cerebral salt wasting은 저나트륨혈증의 원인이 될 수 있는가?

l What Would Constitute Convincing Evidence of Hyponatremia due to 
CSW?

ü Hypovolemic hyponatremia 

ü Respond within minutes to volume repletion (and cortisol replacement if needed) with 
maximally diluted urine (Uosm <100 mOsm/kg) and rapid correction of hyponatremia 

à eliminate clinical signs of hypovolemia and lower hematocrit (HCT)

ü When isotonic saline is stopped
à Hyponatremia should recur, with concentrated urine, a high rate of sodium excretion, 

Clinical signs of hypovolemia: weight loss, rising HCT

Cons, CSW  

KIDNEY360 2023;4:441-444

Cons, CSW:

l Distinction between CSW and SIAD Is Unnecessary
ü If CSW exists, its treatment need not differ from treatment of SIAD.
ü All patients with intracranial pathology who develop symptomatic 

hyponatremia should be treated with hypertonic saline. 
ü SIAD can coexist with volume depletion and must be treated with 

volume repletion. 

l Experimental studies of long –term antidiuretic hormone induced 
hyponatremia indicated that a significant proportion of hyponatremia is 
attributable to secondary sodium losses rather than to water retention. 

KIDNEY360 2023;4:441-444
CJASN 2020;15:1666-1668

Cons, CSW: Unconvincing Data Supporting Diagnosis of CSW  

KIDNEY360 2023;4:441-444

ANP, BNP

Conclusions

1. It is difficult to deny the existence of CSW. 
2. The frequency of CSW does not seem to be that high. 
3. Studies related to the mechanism and differential diagnosis of CSW 

(esp. differential diagnosis of SIAD) should be prospectively proven and 
validated in a larger number of patients. 

4. In agreement of Pros and Cons groups, symptomatic hyponatremia 
should be treated with 3% saline. 

5. Asymptomatic hyponatremia resulted from CSW can be treated with 
isotonic saline, sodium tablet, and fludrocortisone. 

ü If CSWS is misdiagnosed as SIADH and treated by fluid restriction, hypovolemia can 
worsen and serious sequelae may result.

ü These include hypotension, cerebral vasospasm, ischemia, or infarction of brain tissue.
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End

seonhabaek@hallym.or.kr

Thank you for your attention
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혈청포타슘이 약간 높아도 수술하는데 지장이 없을까?

Case

defibrillation pads

a left supraclavicular 
block and light sedation

IV calcium chloride 1g, 
sodium bicarbonate 50 
mEq

general anesthesia with 
propofol and a laryngeal 
mask airway

2 hour AVG replacement

calcium chloride 1 gram
sodium bicarbonate 50 mEq
50% glucose 50 ml and regular insulin 10units
hyperventilation, endotracheal inhalation of 
albuterol 5 puffs

HD via femoral catheter

serum K+ level (mmol/L)

6.3 6.9 6.2 5.8

0hr 1hr 1hr 15min 2hr 

Bradycardia

Physiological distribution of K+ in the body 

Metabolic Disorders and Critically Ill Patients, Springer
Medical physiology

혈청포타슘이 약간 높아도 
수술하는데 지장이 없을까?

HyunjeongCho
Division of Nephrology, Department of Internal Medicine, 

Chungbuk National University Hospital

1

2023.10.14(토토) 11:25-11:50 

Case ( Patient with Hyperkalemia for Surgery)

§57 years, M

§Scheduled op: revision of left AVG

§Past medical history: HTN, ESRD

§The surgery team informed anesthesia group that it is a 20 minutes 
procedure, and patient can get HD immediately post-procedure

§The patient’s serum K+ level was 6.3 mmol/L in the morning of surgery

§The patient was dialyzed the day before

§Preoperative EKG: high T waves with heart rate at 90s/minute

Proceed or Postpone? 

Transl. Perioper. Pain Med. 6, (2019) 
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Resting membrane potential

Renal physiology 6th

Hyperkalemic ECG changes are often not evident. These are due to alterations in the transcellular 
potassium gradient rather than the absolute serum potassium value.

Frequency of ECG abnormalities in hyperkalemia 

Kidney Int 97, 42–61 (2019)
Care Popul. Heal. 18, 963–971 (2017)

The RAS system and regulation of renal K+ excretion

Kidney Int 97, 42–61 (2019)

Definition and severity of hyperkalemia

§a serum K+ level of >5.5 mEq/L (although in some studies 5.0 to 
5.4 mmol/L qualifies for the diagnosis)

*5.0 or upper limit of normal range

Kidney Int 97, 42–61 (2019)
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Clinical manifestation of hyperkalemia

§Usually asymptomatic until cardiac 
manifestations develop.

§These manifestations usually occur when the 
serum K+is 6.5—7 mEq/L or possibly at lower 
levels with an acute rise in serum potassium. 

§The most commonly affected organs are the 
cardiac and skeletal muscles due to an 
impairment of neuromuscular transmission.

§ Hyperkalemia can cause ascending muscle 
weakness that begins with the legs and 
progresses to the trunk and arms, and rarely 
muscle paralysis, myopathy and paresthesia

Rev. Endocr. Metab. Disord. 22, 1157–1170 (2021) 

Hyperkalemic ECG abnormalities & outcomes
§ 188 patients with severe hyperkalemia K+ ≥6.5 mEq/L

§ adverse events as symptomatic bradycardia, ventricular tachycardia, ventricular 
fibrillation, CPR and/or death 

Care Popul. Heal. 18, 963–971 (2017)

Prevalence of hyperkalemia

§ 47,089 emergency department pts

Clin. Exp. Emerg. Med. 4, 73–79 (2017)
Méd. Princ. Pr. 24, 271–275 (2015)

§Over a 4-month period, all hospitalized 
patients (21,435 measurements)
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Succinylcholine

§A transient potassium increase of approximately 0.5 to 1 mEq/L is observed after 
succinylcholine administration

§Succinylcholine should be avoided if potassium ≥5.5 mEq/L or if any ECG changes 
are evident

Anesthesiology 104, 158–169 (2006)

Lack of guidelines on preoperative hyperkalemia and 
associated risks
§There are no guidelines that specify a maximum safe level of 
potassium prior to induction of anesthesia.

§There is neither an orderly progression of ECG abnormalities in 
individual patients as potassium rises, nor does the absence of ECG 
changes preclude the possibility of hyperkalemia-associated cardiac 
arrest.

§Clinicians need to be aware that some pre-, intra- or postoperative 
causes are well-known (e.g. massive transfusions) while others are 
under-appreciated (e.g. certain volume expanders or anesthetic agents). 

§It is important to identify individuals at high risk so as to avoid 
exacerbating factors, serially monitor potassium levels, and initiate 
therapy before there are adverse outcome.

Risk factors of 
hyperkalemia

Predisposing factors Drugs/substances
• Low glomerular filtration rate • Potassium-sparing diuretics
• Male sex • β-blockers
• White ethnicity, high proteinuria • Non-steroidal anti-inflammatories
• Higher baseline potassium • Renin-angiotensin-aldosterone inhibitors
• Diabetes mellitus • Potassium supplements 
• Congestive heart failure • Calcineurin-inhibitors (cyclosporine, tacrolimus)

• Coronary artery disease • Mannitol 
• Peripheral artery disease • Heparin
• Malignancy • Digitalis
• Low hemoglobin • Penicillin G
• Hyperlipidemia • Succinylcholine
• Metabolic acidosis (non-organic) • Octreotide
• Hemolysis • Diazoxide
• Exercise • Minoxidil
• Reduced aldosterone secretion • Volatile anesthetics (e.g., isoflurane)
• Reduced response to aldosterone • Red cell transfusion
• Voltage-dependent renal tubular acidosis • Salt substitutes
• Selective impairment in potassium secretion • Fruits
• Gout • Alfalfa
• Ureterojejunostomy • Amino acids
• Tissue breakdown (e.g., rhabdomyolysis) • Dandelion

• Dried toad skin
Pseudohyperkalemia • Hawthorne berry
• Fist clenching • Horsetail
• Hemolyzed sample • Lily of the valley
○ Tourniquet time > 1 min • Milkweed
○ Mechanical trauma • Nettle
○ Pneumatic tube without cushioning • Noni juice
○ Fine gauge needles • Siberian ginseng
○ IV start compared with straight needles
○ Temperature (heat or cold shock)
○ Duration of storage
• Thrombocytosis
• Leucocytosis (e.g., chronic lymphatic leukemia)Kidney Int 97, 42–61 (2019)

Association of eGFR and albuminuria with hyperkalemia

§meta-analysis of 27 international cohorts [10 general population, 7 high 
cardiovascular risk, and 10 CKD], n = 1,217,986 participants

Eur. Hear. J. 39, 1535–1542 (2018) 
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Hyperkalemic emergency

§Patients with hyperkalemic emergency include:
• Those with clinical manifestations or ECG changes
• Those with serum potassium of >6.5 meq/L
• Those with serum potassium of >5.5 meq/L plus kidney function impairment and 

ongoing tissue breakdown or potassium absorption.

Uptodate

Preoperative assessment

§Surgical factors
• Type of surgery
• Elective vs emergency

§Patient-related factors
• Co-morbidities (DM, CKD, HF, sepsis)
• Acute vs chronic hyperkalemia
• Degree of tissue damage
• Anticipated blood loss and fluid shifts
• Acid-base disturbances
• Medications (ARB, ACEI..)

Risk stratification of 
perioperative hyperkalemia

§ Surgical patients with repeated history of recent 
surgery

§ Invasive and major surgery

§ Patient with AKI or CKD, CHF, cirrhosis

§ Patients taking medications like ACEIs, 
Angiotension II rceptor blocker , potassium 
sparing drugs (sprinolactone)

§ Burn, massive trauma

§ Recent preoperative blood transfusion

§ Patient with poor controlled Diabeteus mellitus.

Int. J. Surg. Open 21, 21–29 (2019) 
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Management of 
perioperative hyperkalemia

§cause & severity of hyperkalemia

§ Urgency of the management

Int. J. Surg. Open 21, 21–29 (2019) 

§The therapeutic options
• Those that minimize the cardiac 

effects of hyperkalemia 
• Those that induce potassium uptake 

by the cells 
• Those that remove potassium from 

the body
§ IV calcium, sodium bicarbonate, insulin 

with/without glucose, or other alkalizing 
agent

§ inhalation salbutamol
§ hyperventilation can often be adopted 

to induce mild respiratory alkalosis
Int. J. Surg. Open 21, 21–29 (2019) 

Emergency surgery

§For patients with potassium ≥5.5 mEq/L before or during emergency 
surgery:
• We generally proceed with surgery with particular attention to continuous 

intraoperative ECG monitoring and intraoperative point-of-care 
measurements of potassium 

• We avoid use of SCh due to the potential for increasing the potassium level 
further and inducing life-threatening arrhythmias preceded by rapidly changing 
ECG findings

• Ideally, discussions among the surgeon, anesthesiologist, and nephrologist 
weigh risks of proceeding against risks of delaying surgery for dialysis, 
particularly if any ECG features of hyperkalemia are present. Even one to two 
hours of hemodialysis typically reduces total body and serum potassium 
concentrations to a safer level.

Uptodate

life-threatening surgical situation

§When dialysis is not feasible (eg, significant hemorrhage), the 
operation is performed regardless of potassium level and ECG 
changes. 

§If potassium is >6.5 mEq/L, the anesthesiologist must temporize with 
medical management of hyperkalemia.

§Though rarely necessary, continuous kidney replacement therapy or 
hemodialysis can be performed in the operating room if equipment and 
personnel are available (eg, during cardiopulmonary bypass in a 
cardiac surgical procedure) 

Uptodate
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Postoperative period

§After the surgery is over, the patients often become 
• volume depleted
• acidotic
• require blood transfusion
• exposed to factors which may further impair RAS system 
• activation of sympathetic nervous system

§The patients should be monitored during the postoperative period for 
recurrent hyperkalemia.

Take home message

§There are no guidelines that specify a maximum safe level of 
preoperative potassium.

§The surgeon, anesthesiologist, and nephrologist engage in 
discussions to assess the risks of proceeding with surgery versus the 
risks associated with delaying the procedure for dialysis.

§In cases where K+ levels exceed 6.5, approximately 66% are 
accompanied by ECG abnormalities. Therefore, in severe 
hyperkalemia, surgery is performed after correction, except in life-
threatening situations.

M E M O



대사산증이 동반된 신장이식 환자에서 알칼리요법이 도움이 될 것인가?

Neglec&ng 
Metabolic Acidosis 
in kidney transplant 
recipients (KTRs)

Immunologic Cardiovascular 

Other complications

Infectious

Contents

l Treatment for metabolic acidosis in KTRs

l Prevalence post-transplant metabolic acidosis 

l Pathophysiology of post-transplant metabolic acidosis 

l Consequences of metabolic acidosis on outcomes

전해질고혈압연구회 심포지엄

2023.10.14

대사산증이 동반된 신장이식 환자에서 
알칼리요법이 도움이 될 것인가?

가톨릭대학교 의과대학 
인천성모병원 신장내과

윤 혜 은

The first report

Am J Med 1967;42:284
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Prevalence according to eGFR
Time since KT

Time since KT

J Am Soc Nephrol 2017;28: 1886

Pathogenic mechanism of 
post-transplant metabolic acidosis 

§ Common to the CKD condition
§ Specific to KTRs

Prevalence of post-transplant 
metabolic acidosis 

§ The actual prevalence of metabolic acidosis in KTRs is unclear.
- Mul:ple defini:ons used
- Various :ming rela:ve to KT

§ Reported prevalence 11 – 50% 

§ Large retrospective multi-center cohort study 
§ 2,318 KTRs at SNUH, SNU-BRM, and AMC

Prevalence according to post-transplant dura=on 

Total CO2<22 mmol/L

20 16
10.8 ----------------10-----------------

J Am Soc Nephrol 2017;28: 1886
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Pathogenic mechanism specific to KTRs

ü Metabolic acidosis in KTRs has the characteris5cs of distal RTA.

ü No specific enzyma5c defect has been found.

ü Mul5plicity of puta5ve causal factors o2en act in combina5ons.

Characteris2c of the donor 

§ Factors related to the quality of the donor kidney 
- living donor vs. deceased donor
- standard criteria vs. expanded criteria donor...
- donor age 
- donor renal function 
- events involving the graft before surgery 
(inflammation, ischemia, etc.)

Pathogenic mechanism common to CKD

ü Metabolic acidosis is observed when the gra2 func5on is well

over the GFR threshold 30 ml/min

ü Single kidney vs. non-transplant CKD

Reduced nephron mass

§ Higher blood flow rate in a single kidney
à Higher urine flow rate through a single kidney
à Altera5on in the urine to plasma ra5o of solutes
à Impaired transtubular chemical and electrical gradients
à Impaired renal acid excre5on

§ Impairment of both urinary concentra5ng and dilu5ng 
capability in KTRs have been reported.
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Am J Kidney Dis 2003;41(2):E6 

Normal control Patient control without RTA Rejec?on with RTA

H+ ATPase

Anion 
exchanger 1

No immunoreactivity

No immunoreac?vity

Transplantation 2008;85: 391

H+ATPase staining

Before 
KT

AHer 
KT

37 KTRs
Biopsy and H+ATPase staining
[median: 10 (1–181) months]
- 14 distal RTA type 1 (classical) 
- 5 rate-limited RTA
- 6 type 4 RTA
- 12 No RTA

• A clear decrease in H-ATPase expression 
in all transplant kidneys

• No difference in H+ATPase expression
between RTA and normal patients

Incidence of metabolic acidosis is consistently higher 
in the immediate post-KT period

§ No definite proof because of shortage of data

Post-KT 1 mo Post-KT 12 mo

27% 16%

Nephrol Dial Transplant (2016) 31: 730

Immunologic factors 

Am J Kidney Dis 2003;41(2):E6 

Post-transplant 30 months
Third episode of rejec5on 
ABGA: pH 7.11, pCO2, 12.8 mm Hg, HCO3- 4 mEq/L
Distal RTA 
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Immunosuppressive drugs – Cyclosporine 

CsA inhibits the pepTdyl prolyl cis-trans 
isomerase (PPIase) acTvity of cyclophilin A

Front Med 2018;5:261
Am J Physiol Renal Physiol 2005;288: F40

Immunosuppressive drugs - Tacrolimus 

Am J Physiol Renal Physiol 2009;297: F499 

type IIa Na-phosphate cotransporter

Na/H exchanger isoform 3 

a subunit of the H+ATPase

B2 subunit of the H+ATPase

Type A intercalated cell-specific Cl-/HCO3-
exchanger (Anion exchanger)

Tacrolimus-treated rat kidney

Immunologic factors 

ü Conflic5ng results 
ü Small cohort of pa5ents 
ü No significant associa5on between rejec5on and RTA

The role of the immune-mediated factors in the pathogenesis 
in RTA in KTRs needs more investigations.

Adv Ther (2021) 38:949–968
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Consequences of post-transplant 
metabolic acidosis 

ü Bone metabolism

ü Cardiovascular events

ü GraH outcome

üMortality

Am J Transplant. 2020;20:1063

Mineral metabolism 

§ Single center prospecTve cohort
§ 1,260 stable KTRs at 3mo post-KT
§ In paTents with arterial blood samples, 

435  (46%) had bicarbonate levels <22 mmol/L. 
Among them, 196 (40%) were academic (blood pH <7.38).

Immunosuppressive drugs - Tacrolimus 
Tacrolimus-treated rat kidney

pendrin: non-type A intercalated cells 
calbindin D28k/AQP2: principal cells

Am J Physiol Renal Physiol 2009;297: F499 

Solitary func5oning kidney 
or reduced nephron mass

Hyperfiltration hypothesis

Nephron under-dosing/
size mismatch

Impaired ammoniagenesis

↓ HCO3- reabsorption ↓ H+ excretion

↑ Na+H+ exchange

↑ ET-1 & Aldosterone

H+ ATPase ac5vity dysregula5on

Tacrolimus Cyclosporine

Rejec5on?

Intrarenal complement activation 

Tubulointerstitial injury 

↑ Angiotensin II

↓ Cis trans isometric activity

FronMers Physiol 2022;13:989816Metabolic acidosis
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Transplant direct 2019;5:e464

Bone fracture 

Metabolic acidosis was not associated with 
an increased rate of bone fractures

J Am Soc Nephrol 2017;28: 1886

GraH outcome and Mortality 

§ Multicenter retrospective cohort study 
§ 2,318 KTRs at SNUH, SNU-BRM, and AMC
§ Average follow-up 5 years, ≒ 75% living donor
§ Total CO2 at 3 mo post-KT  

Am J Transplant. 2020;20:1063

Mineral metabolism 

Transplant direct 2019;5:e464

§ Retrospec:ve cohort study using insurance data
§ 4,741 KTRs 
§ 3 groups 

(1) control group (no acidosis, n = 3,602)
(2) acidosis group (encoded acidosis, n = 370) 
(3) treatment group (encoded therapy, n = 769) 

Bone fracture 



대사산증이 동반된 신장이식 환자에서 알칼리요법이 도움이 될 것인가?

Adjusted HR for serum total CO2 in 5me-varying Cox models

Mortality Death-censored 
grac failure

Graft loss

Total CO2 24 – 28 mmol/L
J Am Soc Nephrol 2017;28: 1886

Graft outcome and Mortality 

Am J Kidney Dis 2019;73:476

Cardiovascular event and Mortality 

§ Single-center observational cohort study 
§ 2,128 KTRs free of CVEs during the first 13.5 months following KT
§ Predictor: mean tCO2 level at 1 year post-KT (10.5-13.5 months)
§ Outcomes: Ischemic, arrhythmic, and heart failure 

Death from any cause.

§ Low total CO2 concentraTon (<22 mmol/L) at 3 months post-KT
§ Time-varying total CO2 (<22 mmol/L)

GraH outcome and Mortality 

J Am Soc Nephrol 2017;28: 1886

Low total CO2 at 3mo Low ?me-varying total CO2
Graft loss

Low total CO2 at 3mo Low time-varying total CO2

Low total CO2 at 3mo Low ?me-varying total CO2

Mortality

Death-censored 
graft failure



대사산증이 동반된 신장이식 환자에서 알칼리요법이 도움이 될 것인가?

Clin J Am Soc Nephrol 2012;7: 1461

§ 12-month RCT
§ 30 KTRs with metabolic acidosis undergoing treatment 

potassium citrate (n = 19) or potassium chloride (control, n = 11)
§ Iliac crest bone biopsies and DEXA were performed at baseline and after 

12 mo.
§ Treatment with either potassium citrate or potassium chloride did not 

change serum calcium, phosphate, alkaline phosphatase, 25OH-vit, 
1,25OH-vit D, iPTH, and BMD within the 1-year study period.

Clin J Am Soc Nephrol 2012;7: 1461

Bone surface density Trabecular number Connec?vity

Bone microarchitecture

Am J Kidney Dis 2019;73:476

Total CVE
Adjusted incidence rate ra5o for total CO2

All-cause mortality

Cardiovascular event and Mortality 

Treatment for post-transplant 
metabolic acidosis 



대사산증이 동반된 신장이식 환자에서 알칼리요법이 도움이 될 것인가?

Transplant direct 2019;5:e464

Model 2: age, sex, deceased vs living donation, initial transplantation, general health care 
utilization within first y after transplant assessed by hospital days, number of ICD diagno
ses, and number of ATC codes)
Model 3: additionally adjusted for any variables that were significant in univariate models 
(including comorbidities, and co-medication variables)

Mortality, Graft failure, Fracture 

Bicarbonate treatment vs. No treatment 
Death 
Death-censored grac failure 

Bone fracture

Mortality, Gra2 failure, Fracture 

Vascular endothelial func=on

Kidney Int Rep (2021) 6, 2323

§ 18-week, randomized, double-blind, placebo-controlled crossover pilot study
§ 20 KTRs at least 1 year from transplant with an eGFR ≥45 ml/min/1.73 m2

a serum bicarbonate level of 20 to 26 mEq/L
§ Each treatment period was 8 weeks in duration with a 2-week washout period
§ Primary outcome: change in brachial artery flow-mediated dilation (FMD)

Clin J Am Soc Nephrol 2012;7: 1461

Cor?cal porosity
Bone formation 

(tetracycline band spacing)

Bone microarchitecture

Transplant direct 2019;5:e464

§ Retrospec:ve cohort study using insurance data
§ 4,741 KTRs 
§ 3 groups 

(1) control group (no acidosis, n = 3,602)
(2) acidosis group (encoded acidosis, n = 370) 
(3) treatment group (encoded therapy, n = 769). 



대사산증이 동반된 신장이식 환자에서 알칼리요법이 도움이 될 것인가?

Lancet 2023; 401: 557–67

Serum HCO3-eGFR

Blood pH Urine ACR

Lancet 2023; 401: 557–67

Preserving graH func=on 

Vascular endothelial func=on

Kidney Int Rep (2021) 6, 2323

% FMD

No significant changes in hs-CRP, IL-6, eGFR, or urinary ACR 

Preserving graH func=on 

Lancet 2023; 401: 557–67

§ RCT 
§ KTRs >1year, eGFR 15 – 89 mL/min/1.73 m², a serum HCO3- <22 mmol/L 
§ Oral sodium bicarbonate 1.5–4.5 g/d or placebo for 2 years
§ 242 KTRs enrolled
§ Primary outcome: eGFR slope



대사산증이 동반된 신장이식 환자에서 알칼리요법이 도움이 될 것인가?

SUMMARY 

§ 신장이식 환자에서 대사성산증은 만성콩팥병 환자의 예상사구체여과율과 비교하

였을 때보다 더 높은 유병율을 보인다. 

§ 신장이식 환자에서 대사성산증은 RTA 양상을 보이며, 기전은 CKD로 인한 기전 

및 CNI 와 면역학적인 이유 및 공여자 콩팥의 상태가 복합적으로 작용하는 것으

로 제시되지만, 명확한 증거는 아직 부족하다. 

§ 신장이식 환자에서 대사성산증이 graft failure, 환자의 사망율, 심혈관질환의 발

생과 관련되는 것으로 보여지며, 아직 골합병증과의 연관성을 뒷받침하는 연구결

과는 부족하다. 

§ 신장이식 환자에서 대사성산증의 치료의 이득에 대한 근거는 아직 부족하다. 

경청해주셔서'감사합니다

M E M O
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Kidney and Hypertension: The Beginning and Target Organ

Kidney and Hypertension: The Beginning and Target Organ 

전남대학교 의과대학 신장내과

김수완

2023 전해질고혈압연구회 심포지움 Oct 14, 2023
10:30~11:00 Kidney Cross-Transplantation:

Hypertension travels with the kidney

Primary role of renal homografts in setting chronic blood pressure 
levels in rats
Circ Res 36(6):692-696, 1975

Blood pressure changes produced by kidney cross-transplantation 
between spontaneously hypertensive rats and normotensive rats
Clin Sci Mol Med 47(5):435-448, 1974

Kidney and Hypertension

• Kidney as a cause of hypertension ?

• Kidney as a result (target organ) of hypertension !

Central role of the kidneys in the pathogenesis of hypertension

Rettig R et al. Am J Physiol 258:F606-F611, 1990

SHR kidneys carry a primary defect, which can induce hypertension in renal graft recipients.

Hypertension follows the kidney
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Remission of essential hypertension after renal transplantation

Curtis JJ et al. N Engl J Med. 309(17):1009-1015, 1983

Abstract
Six patients in whom "essential hypertension" led to nephrosclerosis and kidney failure
received kidney transplants from normotensive donors. After an average follow-up of
4.5 years, all were normotensive and had evidence of reversal of hypertensive
damage to the heart and retinal vessels. These six patients, all of whom were black,
and six control subjects matched for age, sex, and race were admitted to the General
Clinical Research Center for 11 days for observation of their blood pressure and their
responses to salt deprivation and salt loading. Mean arterial pressure (+/- S.E.M.)
among the patients who had previously had essential hypertension was similar to that
of the normal controls (92 +/- 1.9 vs. 94 +/- 3.9; P not significant), and both groups had
similar responses to salt deprivation and salt loading. Thus, essential hypertension in
human beings is shown to be similar to the hypertension seen in spontaneously
hypertensive rats in that both can be corrected by transplantation of a kidney from a
normotensive donor. This observation supports the concept of the primary of the
kidney in causing essential hypertension.

Pressure Natriuresis Curve

Cowley Jr AW et al. Hypertension 25(4):663-673, 1995

The transmission of familial hypertension with the kidney in 
recipients coming from normotensive families

Guidi E et al. J Am Soc Nephrol 7:1131-1138, 1996

In humans, the transplantation of a kidney from a donor with a family history of
hypertension confers a tenfold increased risk of hypertension to the recipient
compared with kidneys from donors without a family history of hypertension.

Cowley & Roman. JAMA 275:1581-1589, 1996

Proposed mechanism of pressure natriuresis

Increased Renal Perfusion Pressure

Increased Pressure and Flow Vasa Recta

Increased Renal Interstitial Pressure Washout of Medullary Solute Gradient

Superficial Nephrons

Decreased Sodium Reabsorption
in Proximal Tubule

Possible Thick Ascending Limb

Deep Nephrons

Decreased Sodium Reabsorption
in Proximal Tubule

Possible Thin Descending Limb
Possible Thick Ascending Limb
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Both factors, i.e. an increase in intrarenal
angiotensin II and a defect in prostaglandin-E2
production, would impair the renal capacity to
excrete sodium.

Mechanisms underlying pressure-related natriuresis:
The role of the renin-angiotensin and prostaglandin systems

Romero & Knox. Hypertension 11:724-738, 1988

Hypothesis of salt sensitivity

Adrogue & Madis. N Engl J Med 356:1966-1978, 2007

l Salt sensitivity may be due to a genomic adaptation to an
environment low in sodium.

l This may have led to overexpression of Na+-retaining mechanisms,
and underexpression of Na+-excretory mechanisms.

l Exposure to an environment rich in NaCl may result in Na+ retention,
and hypertension.

l Primary hypertension and age-related increases in blood pressure are 
virtually absent in populations in which individual consumption of sodium 
chloride is less than 50 mmol per day; these conditions are observed mainly 
in populations in which people consume more than 100 mmol of sodium 
chloride per day. 

l Hypertension affects less than 1% of people in isolated societies but 
approximately one third of adults in industrialized countries.

l The International Study of Salt and Blood Pressure (INTERSALT), which 
included 10,079 subjects from 32 countries, showed a median urinary sodium 
excretion value of 170 mmol per day (approximately 9.9 g of sodium chloride 
per day). Although individual sodium intake in most populations throughout 
the world exceeds 100 mmol per day, most people remain normotensive. It 
appears, then, that sodium intake that exceeds 50 to 100 mmol per day is 
necessary but not sufficient for the development of primary hypertension.
Primary hypertension results from the interplay of internal derangements 
(primarily in the kidney).

Adrogue & Madias. N Engl J Med 356:1966-1978, 2007

BMJ 297:319-328, 1988

Sodium in the pathogenesis of hypertension Lack of adaptation of the kidney to modern diet

1. Prehistoric humans: consumed a sodium-poor and potassium-rich diet

2. Genetic makeup in the kidney was adapted to low Na and high K diet. 

1) abundances of  K (fruits, leaves and herbage)
- FEK : 10 – 300 %

2) minimal supply of Na (salt < 1g/day)
- FENa : 0.5 – 30 %         

kidneys account for 90% or more of potassium loss

Adrogue HJ, Madias NE. N Engl J Med 356:1966-1978, 2007
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Lack of adaptation of the kidney to modern diet

l In human evolution, we have become adapted to a dramatic increment in
sodium intake and a reduction in potassium intake.

l At the present time, salt intake ranges from 50 mg/day in the Yanomamo
Indians living on their native diets to 16 g in some areas of rural China,
with an average global consumption of 9.8 g of salt daily.

l The relative inability of the kidney to meet this challenge, is more evident
in the aging population; At the age of 80, as many as 30% of the total
population of glomeruli may be sclerotic and the kidney has a reduced
ability to excrete a sodium load.

Oliver WJ et al. Circulation 52:146-151, 1975

Zhou BF et al. J Hum Hypertens 17:623-630, 2003
Mozaffarian D et al. N Engl J Med 371:624-634, 2014

Kaplan C et al. Am J Pathol 80:227-234, 1975
Epsteins M et al. J Lab Clin Med 87:411-417, 1976

Molecular mechanisms of human hypertension

Adrogue HJ, Madias NE. N Engl J Med 356:1966-1978, 2007

Molecular Pathways Implicated in the Generation of Increased Arterial and Arteriolar Smooth-Muscle 
Tone by an Excess of Sodium and a Deficit of Potassium in Primary Hypertension

Molecular mechanisms of human hypertension

Adrogue HJ, Madias NE. N Engl J Med 356:1966-1978, 2007

Interaction of the Modern Western Diet and the Kidneys 
in the Pathogenesis of Primary Hypertension

The modern Western diet interacts with the kidneys to
generate excess sodium and cause a deficit of potassium
in the body; these changes increase peripheral vascular
resistance and establish hypertension. An initial increase
in the volume of extracellular fluid is countered by
pressure natriuresis.

Molecular mechanisms of human hypertension

Lifton RP et al. Cell 104:545-556, 2001

A Final Common Pathway for the Pathogenesis of Hypertension

All inherited and acquired forms of hypertension share increased net salt balance as an inciting factor. Increased intravascular volume and volume delivery to the 
heart augment cardiac output and therefore blood pressure. The resulting tissue perfusion exceeds metabolic demand, leading to autoregulation of blood flow via 
increased vasoconstriction, resulting in a steady-state hemodynamic pattern of elevated blood pressure with increased systemic vascular resistance and normal 
cardiac output. Nl, normal.
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Molecular mechanisms of human hypertension

Lifton RP et al. Cell 104:545-556, 2001

l Population studies demonstrate greater similarity of blood pressure within
families than between families (Longini et al., Am J Epidemiol 120:131-144,
1984)

l Adoption studies show greater concordance of blood pressure among biological
siblings than adoptive siblings living in the same household (Biron et al. Can
Med Assoc J 115:773-774, 1976; Rice et al. Genet Epidemiol 6:571-588, 1989)

l Twin studies document greater concordance of blood pressures of monozygotic
than dizygotic twins (Feinleib et al., Am J Epidemiol 106:284-285, 1977)

l This familial aggregation of blood pressure is not simply attributable to shared
environmental effects.

Evidence for genetic effects

Lifton RP et al. Cell 104:545-556, 2001

Hooft et al. N Engl J Med 324:1305-1311, 1991

Alterations in renal hemodynamics occur at an early stage in the 
development of familial hypertension

The renal vasculature has been
implicated in the development of
essential hypertension, functional renal
vasoconstriction is present in many
patients with mild hypertension, and in
the offspring of hypertensive parents.

Lifton RP et al. Cell 104:545-556, 2001

Genetic studies in essential hypertension

l Population-based investigations of candidate genes for hypertension have
not produced unequivocal results. Hereditary contributes to primary
hypertension through several genes (polygenic effect). Expression of
hypertension-related genes might be affected by environmental and
behavioral interactions.

l It is apparent thus for that the genes for hypertension converge on a final
common pathway or probably at least in part through effects on renal sodium
reabsorption.
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Johnson RJ et al. Am J Physiol Renal Physiol 308:F167-F178, 2015
Carmelli D et al. Am J Hum Genet 55:566-573, 1994 

Lifton RP et al. Cell 104:545-556, 2001

Nongenetic mechanisms in essential hypertension

l While genetic polymorphisms involved in renal salt handling or in systemic
vascular reactivity are risk factors for hypertension, nongenetic mechanisms
may be more important. Indeed, a study of 635 identical twins reported that
60% of twins that were hypertensive had a twin that was normotensive.

l Genetics play an important role in hypertension, but other mechanisms
(epigenetic and acquired) may have a more critical role in the majority of
patients presently grouped under the term “primary” hypertension

Adult Hypertension and Kidney Disease
(The Role of Fetal Programming)

Zandi-Nejad K et al. Hypertension 47:502-508, 2006

Proposed mechanism of fetal programming of hypertension and renal disease

Nephron number in patients with primary hypertension

Keller G et al. N Engl J Med.348(2):101-108, 2003

l Patients with hypertension had significantly fewer glomeruli per kidney than matched normotensive controls. 
l Patients with hypertension also had a significantly greater glomerular volume than did the controls.
l The number of nephrons is reduced in patients with primary hypertension. 

In normal humans the kidney's capacity to excrete sodium declines with age
because there is an accelerating fall in GFR with age which begins around the
age of 30 yr. The redistribution in GFR with age is accompanied by a decline in
the number of functioning nephrons and is associated with the progressive
development of glomerulosclerosis which eventually leads to glomerular
obsolescence.

As there is generally no decline in salt consumption with age, sodium balance is
maintained by raising fractional excretion of sodium. This is achieved, in part, by
increasing the circulating concentrations of atrial natriuretic peptide, reducing
plasma renin and aldosterone, and raising the blood pressure.

Aging kidneys and number of functioning nephrons 

Keller G et al. N Engl J Med.348(2):101-108, 2003
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l The existence of nephron population heterogeneity with a subpopulation of 
ischemic nephrons with for sodium excretion and with chronic hypersecretion of 
renin.

l Increased renin secretion would interfere with the capacity of remaining 
nephrons to secrete sodium. 

l The theory explains why basal renin secretion is either not suppressed or 
inadequately suppressed in patients with essential hypertension. 

l The net effect of this uncoordinated response is to shift total renal function so 
that systemic arterial hypertension is sustained by abnormal sodium retention 
for the inappropriately high plasma renin level.

Sealey et al. J Hypertens 6(10):763-777, 1988

Nephron heterogeneity with discordant renin secretion and sodium 
excretion causing a hypertensive vasoconstriction-volume relationship

Johnson RJ et al. N Engl J Med.346(12):913-923, 2002

Acquired renal injury as a mechanism of salt-sensitive hypertension

Kidney damage may precede the development of hypertension

Johnson RJ et al. N Engl J Med.346(12):913-923, 2002

• 4635 patients without hypertension at baseline in PREVEND study
• Baseline UAE was significantly associated with the risk for developing hypertension.

A Unified Pathway for the Development of Salt-Sensitive Hypertension

Johnson RJ et al. 
N Engl J Med.346(12):913-923, 2002
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Franco M et al. Am J Physiol Renal Physiol 304:F982-F990, 2013

Acquired inflammatory changes in the kidney
Pathophysiologic Mechanism

Immune system in hypertension

• Okuda and Grollman (1967) showed that the transfer of lymphocytes from 
rats with unilateral renal infarction caused hypertension in recipient rats. 

• White and Grollman (1964) demonstrated that immunosuppression lowers 
blood pressure in rats that had partial renal infarction. 

• Olsen (1972) described an inflammatory reaction occurring inside the 
vasculature of humans with different causes of hypertension; specifically, he 
noted a periadventitial accumulation of T cells and monocytic cells. 

• Svendsen (1976) discovered that mice that were thymectomized or athymic 
nude mice do not maintain hypertension after renal infarction. 

• Ba et al. (1982) discovered that transplant of a thymus from a Wistar-Kyoto 
rat reduced blood pressure in a recipient spontaneously hypertensive rat 
(SHR). 

These studies suggest an important role of immune system in the 
pathogenesis of hypertension.

Norlander AE et al. J Exp Med 215:21-33, 2018

Rodriguez-Iturbe B et al. Kidney Int 59:2222-2232, 2001

Acquired inflammatory changes in the kidney

Mycophenolate mofetil prevents salt-sensitive hypertension resulting from angiotensin II exposure.

Infiltrating T lymphocytes and angiotensin II positive interstitial cells resulting from angiotensin infusion are suppressed 
by MMF treatment.

T lymphocytes mediate hypertension and kidney damage 
in Dahl salt-sensitive rats

De Miguel C et al. Am J Physiol Regul Integr Comp Physiol 298:R1136-R1142, 2010

l Infiltrating T lymphocytes are increased in the kidney of Dahl SS rats when placed on a 4.0% NaCl diet. 
l The T cells are capable of participating in the production of ANG II and are associated with increased 

intrarenal ANG II and the development of SS hypertension and kidney damage. 
l The suppression of T-cell infiltration decreased intrarenal ANG II and attenuated Dahl SS hypertension 

and kidney damage
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T lymphocytes mediate hypertension and kidney damage 
in Dahl salt-sensitive rats

Youn JC et al. Hypertension 62:126-133, 2013

l The number of circulating “immunosenescent” proinflammatory CD8+ T cells is increased in humans with 
hypertension. 

l These cells produce increased amounts of IFN-γ, TNF-α, and the cytotoxic molecules granzyme B and 
perforin compared with CD8+ T cells from normal subjects

The Immunology of Hypertension

Norlander AE et al. J Exp Med 215:21-33, 2015

l Adaptive immune cells: CD8+ T cells, CD4+ cells (Th1, Th17, and T reg cells), T cells, and B cells 
produce factors that promote or inhibit hypertension. 

l Innate immune cells: Macrophages, microglia, monocytes, DCs, and MDSCs also produce cytokines 
and ROS, which promote or inhibit hypertension. 

l The NLRP3 inflammasome in monocytes and DCs plays a key role in hypertension. γδ T cells function 
on the border of innate and adaptive immunity.

Innate and adaptive immune cells that have been shown to play a critical role in hypertension.

Activation of Human T Cells in Hypertensive humans

Itani HA et al. Hypertension 68:123-132, 2016

l There is an increase in circulating interleukin-17A producing CD4+ T cells and both CD4+ and 
CD8+ T cells that produce interferon-γ in hypertensive compared with normotensive humans. 

l Thus, human T cells become activated and invade critical end-organ tissues in response to 
hypertension.

Damage Hypertension GFR↓ Kidney
FailureHypertension

Proteinuria Proteinuria

OtherOther

Hypertension and Kidney
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62%  à 62% à 57%
62%  à 55% à 50%

TBW in males and females was measured by bioelectrical impedance analysis.
TBW% was derived by dividing the TBW (L) value by body weight (kg). 

VVoolluummee  ooff  tthhee  mmaajjoorr  bbooddyy  fflluuiidd  ccoommppaarrttmmeennttss

(70Kg)

Water is the most 
abundant constituent 
in the body: ~50% of 
body weight in women 
and ~60% in men. 

Water can cross the cell membranes via two basic 
pathways:

1) Simple diffusion through the lipid bilayer 
2) Facilitated diffusion through water-selective channels 
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Water can cross the cell membrane pathways:

Diffusion vs. Osmosis

Diffusional water permeability (Pd): 확산
• the flux of radioactively labeled water (T2O, tritiated water) moving 

across a membrane under an isotopic gradient of water. 
• No net water flux occurs.
• temperature-dependent and is constrained by membrane lipid 

organization and fluidity

Osmotic water permeability (Pf): 삼투
• membrane water permeability under the sudden osmotic gradients 

that constitute a driving force for water flow. 
• recording the subsequent change in cell volume
• a net volume flow of water through the membrane.

HGNC ID (gene) Approved symbol Approved name Previous symbols Synonyms Chromosome

HGNC:7103 MIP major intrinsic protein of lens fiber MP26,LIM1,AQP0 12q13.3

HGNC:633 AQP1 aquaporin 1 (Colton blood group) CO CHIP28 7p14.3

HGNC:634 AQP2 aquaporin 2 12q13.12

HGNC:636 AQP3 aquaporin 3 (Gill blood group) GIL 9p13.3

HGNC:637 AQP4 aquaporin 4 MIWC 18q11.2

HGNC:638 AQP5 aquaporin 5 12q13.12

HGNC:639 AQP6 aquaporin 6 AQP2L 12q13.12

HGNC:640 AQP7 aquaporin 7 AQP7L AQP9,AQPap 9p13.3

HGNC:642 AQP8 aquaporin 8 16p12.1

HGNC:643 AQP9 aquaporin 9 SSC1,HsT17287 15q21.3

HGNC:16029 AQP10 aquaporin 10 1q21.3

HGNC:19940 AQP11 aquaporin 11 11q14.1

HGNC:19941 AQP12A aquaporin 12A AQP12 2q37.3

HGNC:6096 AQP12B aquaporin 12B INSSA3 2q37.3

Aquaporins - Genes contained within the group: 14

https://www.genenames.org/data/genegroup/#!/group/305

Water can cross the cell membranes via two basic pathways:

1) simple diffusion through the lipid bilayer 
2) through water-selective channels, i.e., facilitated diffusion 

(i) a high water permeability (Pf > 50 μm/s)
(ii) a sensitivity to reagents (e.g., mercuric chloride)
(iii) a ratio of Pf/Pd greater than 1

 -- indicating that proteinaceous components forming water 
    channels increase membrane water permeability

Isoform Tubule Segments Subcellular 
localization

Regulation

AQP1 Proximal Tubule
Desc. Thin limb

APM + BLM No

AQP2 Collecting duct PC APM + ICV Yes

AQP3 Collecting duct PC BLM Yes

AQP4 Collecting duct PC BLM No

AQP6 Collecting duct IC, 
type-A

ICV Yes

AQP7 Proximal tubule, S3 APM No

AQP11 Proximal tubule ICV ??

Renal Aquaporins
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Localization of renal aquaporins

(long loop)

180L/day

~2L/day

Urine 
concentration

Osmotic water permeability in each renal tubular segment 

- Grantham and Burg
Am J Physiol, 1966

- Burg and Green
Am J Physiol, 1973

- Kokko
J Clin Invest, 1970

- Schafer and Andreoli
J Clin Invest, 1972

- Rocha and Kokko
J Clin Invest, 1973

Distal Tubule

Physiological roles of renal aquaporins
in fluid transport

1. Proximal tubule
- water channels catalyze coupling between NaCl and water

movement in isosmotic fluid transport

2. Descending thin limb of Henle’s loop
- water channels allow osmotic equilibrium in the presence

of rapid flow

3. Collecting duct
- water channels provide targets for vasopressin-induced

regulation of water reabsorption/excretion
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Major pathways for reabsorption of sodium, chloride, and water 
in the proximal tubule 

Isosmolality of proximal tubular fluid

Three experimental states: 
antidiuresis, water diuresis, 
and osmotic diuresis

Gottschalk CW and Mylle M. 
Am J Physiol, 1959

Freezing-point depression osmometer
(0.1 to 4 nl volume)

Near isosmotic fluid transport in proximal tubule

H2O

Active
Na+
transport

AQP1  in the proximal tubule

Na,K-ATPase in the proximal tubule

AQP-1: facilitated diffusion Osmotic water permeability Spontaneous fluid reabsorption rate

Pf and Jv in isolated microperfused S2 segement
of the proximal tubules in aquaporin-1 null mice

Schnermann, et al., Proc. Natl. Acad. Sci. USA, 1998
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Osmotic water permeability in 
isolated microperfused TDLH

Urinary concentrating ability in (–/–) mice

Reduced water permeability in thin descending limb 
of Henle in aquaporin-1 null mice

Chou, et al. J Clin Invest, 1998

Physiological roles of aquaporins
in kidney epithelia

1. Proximal tubule
- water channels catalyze coupling between NaCl and water

movement in isosmotic fluid transport

2. Descending thin limb of Henle’s loop
- water channels allow osmotic equilibrium in the presence

of rapid flow

3. Collecting duct
- water channels provide targets for vasopressin-induced

regulation of water reabsorption/excretion

The role of constitutive water channel protein, AQP1

When the AQP1 membrane protein is eliminated (but AQP2, 
AQP3, and AQP4 remain)

• The mice were unable to maintain water balance during 
dehydration, even when given the vasopressin analog.

• The body weight of these mice fell by 35%.  
• Their serum osmolality rose to over 500 mosm/kgH2O
• The urine osmolality did not increase over levels 

observed on ad libitum water intake (~600 mosm/kgH2O).

dTL in 
Long loop

???? dTL in
Short loop

mmTTAALL

??  aaTTLL  iinn  
LLoonngg  lloooopp
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AQP1 in descending thin limb (long loop)

Lumen

BM

BM

Interstitium
Interstitium

Physiological roles of aquaporins
in kidney epithelia

1. Proximal tubule
- water channels catalyze coupling between NaCl and water

movement in isosmotic fluid transport

2. Descending thin limb of Henle’s loop
- water channels allow osmotic equilibrium in the presence

of rapid flow

3. Collecting duct
- water channels provide targets for vasopressin-induced

regulation of water reabsorption/excretion

Feedback Loop Governing 
Regulation of Plasma
Osmolality through Control 
of Arginine Vasopressin
Secretion and Thirst

Knepper, Kwon, Nielsen, NEJM, 2015

Arginine 
Vasopressin 

(AVP)
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Intracellular molecular mechanisms for 
AQP2 regulation in renal collecting duct cells

Jung HJ, Kwon TH, AJP-Renal, 2016 S. Nielsen S, Kwon TH, Frokiær J, Agre P., J Int Med, 2006 

AQP2 in collecting duct
- the target of vasopressin action

Cortex

ISOM

IM

H+-ATPase

AQP2

OMCD

Nielsen et al., Physiol Rev, 2002; Kwon et al, Handb Exp Pharmacol, 2009; Fenton et al., Curr Opin Nephrol
Hypertens. 2013;  Knepper et al, New Engl J Med, 2015;  Jung and Kwon. Am J Physiol-Renal, 2016

Regulatory mechanisms in AQP2 trafficking/expression 
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Control dDAVP (2 hours)

Effect of dDAVP on AQP2 trafficking 
in vasopressin-deficient Brattleboro rat

Isobe K et al, PNAS, 2017

PKA-dependent actin depolymerization 
in the basal part of the cells

PKA-dependent AQP2 trafficking, as revealed in the 
PKA-catalytic units double deletion (alpha and beta) 
in mpkCCD cells. 

1. AQP2 phosphorylation
- changes interaction
with regulatory proteins

2. RhoA phosphorylation
(RhoA inhibition through 
RhoA phosphorylation and
interaction with RhoGDI)
- actin depolymerization

3. Calcium mobilization
- calmodulin-dependent 
non-muscle myosin 
activation

Three downstream effects by vasopressin for AQP2 trafficking

Isobe K et al, PNAS, 2017

PKA signaling mapped to functional effects of vasopressin
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A case patient of nephrogenic diabetes insipidus

Male, age: 18
Severe polyuria after birth (~ 10 liters per day on admission)
No treatment

Water deprivation test with dDAVP administration
- Plasma AVP levels: above normal range
- No response (urine osmolality: 50 – 70 mOsm/KgH2O)
- Body weight loss: ~ 5 Kg for 8 hours of water deprivation
- Blood pressure change: ~ 30 mmHg drop in systolic pressure
- Nucleotide: 647C>T,  Amino acid: S216F  

Moon et al, Endocr J. 2009

Cys for Arg187 (R187C)
Pro for Ser216    (S216P)

• AVPR2 mutations  (X-linked NDI): 90% of all congenital NDI cases 
• AQP2 mutation (autosomal recessive >> autosomal dominant)

Hereditary NDI (nephrogenic diabetes insipidus)

Some of the mutations of 
AVP2R causing NDI

Moeller H et al, Endocrine Reviews, 2013, 34(2):278–301
Milano S, et al. Int. J. Mol. Sci. 2017, 18, 2385. 
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Effect of Long-Term dDAVP Infusion in 
Brattleboro Rats (Central Diabetes Insipidus)

• Cebpb, Elf1, Elf3, Ets1, Jun, Junb, Nfkb1, and Sp1
• Atf1, Irf3, Klf5, Klf6, Mef2d, Nfyb, Nr2f6, Stat3, and Nr4a1

Identified 17 of 1,344 TFs present in mouse genome that are most likely to be involved in the regulation of Aqp2 gene transcription.

The DNA-binding protein CCCTC-binding 
factor (CTCF) and the cohesin complex function 
together to establish chromatin loops and 
regulate gene expression in mammalian cells.

The CTCF loop containing the Aqp2 gene 
contains three genes including Faim2 and Aqp5
in addition to Aqp2 and is 99 kb in length. 

Dysregulation of AQP2 in water balance disorders
Mutations in AQP2 gene

AQP2 upregualtion
Chronic thirsting 
Congestive heart failure
SIADH, Cirrhosis
Pregnancy

Deen et al., Science, 1994
Mulders et al., J Clin Invest, 1998
Fujiwara, et al. J Am Soc Nephrol , 2005
Moeller, et al. Endocrine Review, 2013
Bockenhauer, et al. Nat Rev Nephrol, 2015
Milano, et al. Int. J. Mol. Sci. 2017 

AQP2 downregulation
Primary polydipsia
Lithium Rx (bipolar disorder)
Post-obstruction
Hypokalemia/Hypercalcemia
Nocturnal enuresis
Acute or Chronic Renal Failure

Numerous articles—see reviews
Kwon et al., Semin Nephrol, 2001
Nielsen et al., Physiol Rev, 2002
Nielsen et al., J Intern Med, 2007
Nielsen et al., Semin Nephrol, 2008
Kwon et al, Handb Exp Pharmacol, 2009
Fenton et al., Curr Opin Nephrol Hypertens. 2013

   Knepper et al, New Engl J Med, 2015
Jung and Kwon. Am J Physiol-Renal, 2016

Altered AQP2 expression

Recessive NDI—Protein folding
Dominant NDI—Trafficking defect

Genetic Nephrogenic Diabetes Insipidus 
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• AVPR2 mutations  (X-linked NDI): 90% of hereditary NDI 
Incidence: ~ 8.8 in 1,000,000 male live birth in Quebec

Hereditary NDI

Endogenously expressed GPCRs 
besides V2R in the renal 

collecting duct that naturally 
couples to GaaS to increase cAMP 
and regulate AQP2 expression?

Sites of aquaporins, sodium
transporters, and urea 
transporters important for
urine concentration and dilution
and their responses to vasopressin

Collecting duct-selective G protein-coupled receptors (GPCRs)

CCD/OMCD/IMCD expression that was 1.5-fold greater than any other tubule segment was 
considered selective. 

Poll BG et al, Am J Physiol Renal, 2021

Knepper, 
Kwon, 
Nielsen
NEJM, 2015
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Summary

• Body water homeostasis is mainly established by the kidney 
function, such as tubular reabsorption of water and sodium 
through water channel proteins (aquaporins: AQPs) and 
sodium-cotransporters. 

• Water reabsorption in the kidney tubule depends on the driving 
force (i.e., high interstitial osmolality/tonicity) and osmotic 
equilibration of water across the tubular epithelia 
(i.e., high osmotic water permeability of the membrane). 

Targeting of the collecting duct water channel AQP2 to the 
plasma membrane is essential for the maintenance of 
mammalian water homeostasis.

Although vasopressin signaling via the GS protein-coupled 
vasopressin V2 receptor (V2R) is a major receptor-mediated 
pathway that modulates trafficking of AQP2 to the plasma 
membrane, this targeting can also occur independently of 
V2R.

This includes A-kinase anchoring protein (AKAP)–PKA 
disruptors, Src inhibition, Wnt5a, fluconazole and epidermal 
growth factor receptor antagonists

M E M O
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Urine Indices: 
From Physiology into Clinical Practice

Gheun-Ho Kim

Hanyang University College of Medicine

전해질고혈압연구회 2023. 10. 14.

14:15  - 14:45

Urine Concentration & Dilution 

(mOsm/kg H2O, rat kidney)

Tubular Functions

1.  Water reabsorption 

Urine concentration & dilution 

2.  NaCl reabsorption
NaCl balance Þ Volume status, BP

3.  K+ transport

Potassium balance

4.  Acid/Base transport 
Urinary acidification, proximal & distal

5.  Divalent ion transport

比比重重
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Hyponatremia: Water excess

Excessive water intake

Enhanced renal water reabsorption

Appropriate antidiuresis

Inappropriate antidiuresis

U Osm < 100 mOsm/kg H2O 

U Osm > 200 mOsm/kg H2O 

Edematous disorders: HF, LC, NS

SIAD(H)

Hypernatremia: Water deficit

Deficient water intake

Water loss 

Extrarenal

Renal

U Osm > 700 mOsm/kg H2O 

U Osm < 700 mOsm/kg H2O 

e.g., lactulose enema

….  Polyuric disorders

Algorithm utilizing FEurate to identify the different causes of hyponatremia

J Clin Med 2022;11(24):7445.

POLYURIA

­­Cosm ­­CH2O

Osmotic diuresis Water diuresis

> 300 mOsm/kg H2O < 250 mOsm/kg H2O

> 900 mosmol/d < 750 mosmol/d

> 50 mosmol/h

Urine Osm

NaCl Mannitol Urea Glucose

Primary
polydipsia

Diabetes
insipidus
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Water diuresis

WATER DEPRIVATION TEST until
1) Posm 295-300 mOsm/kg H2O

2) Stable U Osm

Aqueous vasopressin 5 U subcutaneously

­­ Uosm: 15-50% ­­ Uosm < 15% ­­ Uosm > 50%

Partial CDI NDI Complete CDI

Tubular Functions

1.  Water reabsorption 

Urine concentration & dilution 

2.  NaCl reabsorption
NaCl balance Þ Volume status, BP

3.  K+ transport

Potassium balance

4.  Acid/Base transport 
Urinary acidification, proximal & distal

5.  Divalent ion transport

Urine/Plasma Electrolyte 
Ratio

Recommended H2O 
Consumption per day

> 1 < 500  mL

~ 1 500 - 700 mL

< 1 Up to 1 L

Water restriction in hyponatremia

Calculation of ongoing water loss in hypernatremia treatment Na+ reabsorption along the euvolemic nephron 
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Indices of urine sodium excretion

1.  Fractional excretion of Na+ (%) 

2. Urine Na+ concentration (mmol/L, mEq/L)

3. 24h-urine Na+ (or Urine Na/Cr ratio)

Urine excreted 
Glomerular filtered

Urine Na+ x UV
GFR (CCr) x S Na+

(U/S)Na+
(U/S)Cr= =

Differential diagnosis of hyponatremia

UROLOGY
75: 1294–1298, 2010

ÖÖ

Am Fam Physician 2005;72:1739-46
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Ö

Ö

Ö

ASDN

Tubular Functions

1.  Water reabsorption 

Urine concentration & dilution 

2.  NaCl reabsorption
NaCl balance Þ Volume status, BP

3.  K+ transport

Potassium balance

4.  Acid/Base transport 
Urinary acidification, proximal & distal

5.  Divalent ion transport

Indices of urine potassium excretion

1.  Fractional excretion of K+ (%) 

2. Urine K+ concentration (mmol/L, mEq/L)

3.  24h-urine K+ or Urine K/Cr ratio

4.  Transtubular K gradient (TTKG)

Urine excreted 
Glomerular filtered

Urine K+ x UV
GFR (CCr) x S K+

(U/S)K+
(U/S)Cr= =
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The diagnostic approach to hypokalemia

How to estimate [K+]lumen

CCD
cell

[K+]plasma 

ÞÞ H2O

[K+]lumen

Urine Osm: 600 mOsm/kg H2O
K+: 50 mEq/L

Plasma Osm: 300

[K+]lumen = [K+]urine ÷÷ (U/P)Osm

Osm at CCD
Lumen @@ cell @@ plasma

Transtubular K gradient (TTKG)

CCD
cell

[K+]plasma [K+]lumen

TTKG = [K+]lumen / [K+]plasma

TTKG =  [K+]lumen / [K+]plasma

=  {[K+]urine ÷÷ (U/P)Osm} ÷÷ [K+]plasma

=  (U/P)[K+] ÷÷ (U/P)Osm

Physiologic responses

< 2 – 4, when hypokalemic

> 5 – 8,  when hyperkalemic

Prerequisite:
No concentration defect

Adequate distal Na+ delivery
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The diagnostic approach to hyperkalemia

Tubular Functions

1.  Water reabsorption 

Urine concentration & dilution 

2.  NaCl reabsorption
NaCl balance Þ Volume status, BP

3.  K+ transport

Potassium balance

4.  Acid/Base transport 
Urinary acidification, proximal & distal

5.  Divalent ion transport

Pseudo-Bartter’s syndrome

Urine Na+ Urine Cl-

Vomiting

Recent ­­ ¯̄

Remote ¯̄ ¯̄

Diuretic abuse

Recent ­­ ­­

Remote ¯̄ ¯̄

Laxative abuse

¯̄ ­­ RNAE, renal net acid excretion; NEAP, net endogenous acid production.

British Journal of Nutrition 2013;110:1935–1937
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NAE = NH4
+ + TA – HCO3

-

Compr Physiol 2013; 3: 201–220.

Kidney Int 71: 1310–1316, 2007

Adv Physiol Educ 2009;33:275-281

NH3 +  H+ ÞÞ NH4
+

Lancet 
1998; 352: 474–79

Urine pH

~ free [H+]
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A low value of for the urine – blood PCO2 gradient in alkaline urine may 
be the most sensitive index of decreased urinary acidification available.

Batlle D et al. Am J Med 72:751-758, 1982; Kim S et al. Kidney Int 66:761-767, 2004 

< 30 mmHg

Adv in Kidney Disease and Health 2023;30:197-206

Am J Kidney Dis 2022;80:667-676

Urine AG as an indirect measure of urine NH4
+

measured cation + unmeasured cation = measured anion + unmeasured anion

Anion gap (AG) == unmeasured anions (UA) -- unmeasured cations (UC)
== measured cations (MC) -- measured anions (MA)

Serum AG == Na+ -- (Cl- + HCO3
-)

Urine AG == Na+ + K+ -- Cl- == UA-- UC

Urine NH4
+ ….  unmeasured cation; ­­ NH4

+ µµ Urine AG ¯̄

Kim G-H et al.  Am J Kidney Dis 27: 42-47, 1996

Normal control, open circle; 
Classic dRTA, triangle; 
CRF, closed circle

Urine OG as an indirect measure of urine NH4
+

Calculated U Osm = 2 x [Na+ + K+] + [glucose] + [UN]

UOG = Measured U Osm – Calculated U Osm »» 2 [NH4
+]

Normal control, open circle; 
Classic dRTA, triangle.

Kim G-H et al.  Am J Kidney Dis 27: 42-47, 1996

Urine osmolality @@ 2 x [Na+ + K+ + NH4
+] + [glucose] + [UN]

UOG x ½  »» urine NH4
+
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Tubular Functions

1.  Water reabsorption 

Urine concentration & dilution 

2.  NaCl reabsorption
NaCl balance Þ Volume status, BP

3.  K+ transport

Potassium balance

4.  Acid/Base transport 
Urinary acidification, proximal & distal

5.  Divalent ion transport

Hypercalciuria: > 4 mg/kg/d (250 mg/d) or Ca/Cr > 0.2

Hypocalciuria: Ca/Cr < 0.1 (100 mg/d) 

Hypophosphatemia < 2.5 mg/dL
Urine P > 100 mg/d or FE PO4= > 5%: Renal phosphate wasting

Urine P < 100 mg/d or FE PO4= < 5%: Inadequate intestinal absorption, 

transcellular shift.

Hyperphosphatemia > 5 mg/dL
FE PO4= < 20% ….. Decreased excretion 

Hypomagnesemia < 1.7 mg/dL
FE Mg > 4% …. Renal Mg wasting 

FE Mg < 2% ….. Inadequate intake, GI loss 

FEMg = Serum Cr× Urine Mg/0.7× Serum Mg× Urine Cr (JAMA 2020;324:2320-2321)

Calcium Phosphorus Magnesium

Clin J Am Soc Nephrol 2015;10:1257-1272.

24h urine Ca

Urine Ca/Cr

24h urine P

TRPi, FE PO4
=

24h urine Mg

FE Mg

Urinary indices are a valuable tool for assessing kidney

tubular function and guiding the differential diagnosis

of fluid, electrolyte, and acid-base disorders.

However, the results should be interpreted within the

context of clinical settings.

Conclusion
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Prevalence of Hypertension

Age-specific 
prevalence of 
childhood 
hypertension
from 2000 to 
2015 4.32%

3.28%

7.89%

Global Prevalence of Hypertension in Children
27% of adults over 30 and 
60% of adults over 60 
in 2017 in Korea

The latest insights on the 
evaluation and treatment of 

pediatric and adolescent 
hypertension

Wonju Severance Christian Hospital, Pediatric 
Department

MeeKyung Namgoong M.D. PhD

Heart Disease and Stroke Statistics—2009 
Update from AHA statistics committee

Children
•Few prospective pediatric studies have examined the future 
risk for CVD or diabetes according to baseline MetS status. 
Data of 771 participants 6 to 19 years of age from the 
National Heart, Lung, and Blood Institute Lipid Research Clinics 
Princeton Prevalence Study and the Princeton Follow-up Study 
found that the risk of developing CVD was substantially 
higher among those with the MetS than among those without 
this syndrome (OR, 14.6; 95% CI, 4.8 to 45.3) who were 
followed up for 25 years
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Hypertension criteria

Definition of hypertension (HTN) based on the 2017 
AAP CPG, 2016 ESH Guidelines, and the 2004 Fourth 
Report

2017 AAP CPG 2016 ESH Guidelines 2004 4th Report

< 13 years ≥ 13 years < 16 years ≥ 16 years
Normal 
BP

< 90th percentile < 120/<80 < 90th percentile < 130/85 < 90th percentile

Elevated 
BP*

≥ 90th to < 95th percentile 
or 120–129/< 80

120–129/< 80 ≥ 90th to < 95th perce
ntile

130–139/85–89 ≥90th to < 95th per
centile or > 120/80

Stage 1 
HTN

≥ 95th to
< 95th percentile
+ 12 mmHg or 
130/80 to 139/89

130–139/80–89 ≥ 95th to 
< 99th percentile 
+ 5 mmHg

140–159/90–99 ≥ 95th to
< 99th percentile 
+ 5 mmHg

Stage 2
HTN

≥ 95th percentile
+ 12 mmHg or ≥ 140/90

≥ 140/90 ≥ 99th percentile
+ 5 mmHg

160–179/100–109 ≥ 99th percentile 
+ 5 mmHg
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Revised Classification for Ambulatory Blood Pressure 
Studies in Pediatric Patients in 2022 by JT Flynn Hypertension. 2022

Clinic BP Mean ABPM BP

<13 y of age ≥13 y of age <13 y of age ≥13 y of age

Normal BP <95th percentile <130/80

<95th percentile 
<125/75 mm Hg 24-h &
<130/80 mm Hg wake &
<110/65 mm Hg sleepWCH ≥95th percentile ≥130/80

Masked HTN <95th percentile <130/80

≥95th percentile 
≥125/75 mm Hg 24-h or
≥130/80 mm Hg wake or
≥110/65 mm Hg sleepAmbulatory 

HTN
≥95th percentile ≥130/80

No more Pressure Load

Condition Rationale

Secondary HTN Severe ambulatory HTN or nocturnal HTN indicates higher 
likelihood of secondary HTN

CKD or structural renal abnormalities Evaluate for MH or nocturnal HTN, better control delays 
progression of renal disease

T1DM and T2DM Evaluate for abnormal ABPM patterns, better BP control 
delays the development of MA

Solid-organ transplant Evaluate for MH or nocturnal HTN, better control BP

Obesity Evaluate for WCH and MH

OSAS Evaluate for nondipping and accentuated morning BP 
surge

Aortic coarctation (repaired) Evaluate for sustained HTN and MH
Genetic syndromes associated with HTN (neurofibromatos
is, Turner syndrome, Williams syndrome, coarctation of th
e aorta)

HTN associated with increased arterial stiffness may only 
be manifest with activity during ABPM

Treated hypertensive patients Confirm 24-h BP control
Patient born prematurely Evaluate for nondipping
Office Hypertension Confirm

Ambulatory Blood Pressure Monitoring Indication

Ambulatory Blood Pressure 
Monitoring :2017 AAP guideline

publication of the last American Heart Association scientific statement on 
pediatric ambulatory blood pressure monitoring in 2014

Suggested schema for staging of ambulatory BP 
levels in children

Classification Office BPa) Mean ambulatory 
SBP or DBPb,c)

SBP or DBP 
load (%)c)

Normal BP <90th percentile <95th percentile <25
White coat hypertension ≥95th percentile <95th percentile <25
Prehypertension ≥90th percentile or 

>120/80 mmHg
<95th percentile ≥25

Masked hypertension <95th percentile >95th percentile ≥25
Ambulatory hypertension >95th percentile >95th percentile 25–50
Severe ambulatory hypert
ension (at risk for end-org
an damage)

>95th percentile >95th percentile >50

from Flynn JT et al. Hypertension 2014
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Best BP Measurement Practices

1. quiet room, 3–5 min rest  before measurement, 
with the back supported 
feet uncrossed on the floor.

2. in the right arm with standard tables, 
The arm should be at heart level,
The patient and observer should not speak

3. correct cuff size
4. stethoscope should be placed over the brachial artery in the antecubital fos
sa, the lower end of the cuff should be 2–3 cm above the antecubital fossa.

5. To measure BP in the legs, in the prone position, if possible. 
An appropriately sized cuff should be placed mid-thigh 
and the stethoscope placed over the popliteal artery. 

Magnitude and significance of 
interarm blood pressure 
differences in children and 
adolescents

J Hypertens 2021 Jul 1;39(7):1341-1345

Results: Absolute systolic IAD was 5.0 mmHg (median, interquartile range 
2-8 mmHg) and was 10 mmHg or more in 14%

Diurnal BP variation

2ndary cause

Renovascular disease

Expanding Insights Into the Role of Nocturnal BP 
Variation in Children

Kidney Int Rep (2022)

• Increased risk of adverse long-term cardiorenal outcomes
in obesity
in prematurity history
in congenital heart disease
in solid organ transplant recipients 

• Predict early cv damage
• Predict progression to kidney failure in kidney disease
• Predict future albuminuria in type I DM

• Association with secondary hypertension
• Association with renovascular disease
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If the arm with the lower BP also has a 
grossly diminished radial pulse.

• Coarctation,	

• Dissection,	or	aneurysm	of	the	thoracic	aorta

• Takayasu (pulseless)	disease;	

• Various	types	of	intra- and	extra-arterial	obstruction	in	an	

upper	extremity

Forearm and/or Wrist BP Measurement

Researchers in 2 small studies conducted in PICUs 
compared wrist monitors with indwelling 
arterial lines and found good agreement 
between the 2 measurement modalities. No large 
comparative studies or formal validation studies of 
wrist monitors have been conducted in children, 
however. Because of limited data, the use of wrist 
and forearm monitors is not recommended in the 
diagnosis or management of HTN in children and 
adolescents at this time.

Magnitude and significance of interarm blood 
pressure differences in children and adolescents

J Hypertens 2021

Normal aorta
(n = 95) CoAa (n = 8) TGA (n = 15)

Systolic IAD for first 
reading

5.0 (2.0–8.0) 16.0 (9.3–20.0)b 3.0 (1.0–10.0)

Systolic IAD for ARRs 5.0 (2.5–8.0) 14.0 (8.1–21.0)a 6.0 (2.0–11.0)

Diastolic IAD for first 
readings

c
2.0 (1.0–4.0) 3.5 (1.3–5.8) 5.0 (1.0–7.0)

Diastolic IAD for ARRs
c 3.0 (1.5–4.0) 3.0 (1.6–6.5) 3.5 (1.5–3.5)

Systolic IAD+ for first reading 13 (14%) 6 (75%)b 4 (27%)

Systolic IAD+ for ARRs 11 (12%) 6 (75%)b 4 (27%)

ARRs, averaged repeat readings:  2nd+3rd/2

When IAD ≥10mmHg 
• 27% of transposition of the great arteries, 
• 75% of aortic coarctation
• 25% of normal aorta 

Conclusion
Kids’ blood pressure measurements substantially different 
between arms, 
=>The risks of missing a diagnosis of high blood pressure 
or aorta narrowing
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Common Pharmacologic Agents Associated With 
Elevated BP in Children

Over-the-counter 
drugs

Decongestants
Caffeine

Nonsteroidal anti-inflammatory drugs 
Alternative therapies, herbal and nutritional 
supplements

Prescription drugs

Stimulants for attention-deficit/hyperactivity disorder
Hormonal contraception
Steroids
Tricyclic antidepressants

Illicit drugs
Amphetamines
Cocaine

Primary Hypertension?
Secondary Hypertension?

Screening 
Oscillometr
ic BP 
Values 
Requiring 
Further 
Evaluation

Age, y
Boys, mm Hg Girls, mm Hg

SBP DBP SBP DBP
1 98 52 98 54
2 100 55 101 58
3 101 58 102 60
4 102 60 103 62
5 103 63 104 64
6 105 66 105 67
7 106 68 106 68
8 107 69 107 69
9 107 70 108 71

10 108 72 109 72
11 110 74 111 74
12 113 75 114 75
≥13 120 80 120 80
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The most 
common 
causes of 
HTN on 
by age

Age group Cause
Newborn Renal artery thrombosis or embolus (umbilical artery catheter)

Renal vein thrombosis
Congenital renal malformations
Coarctation of aorta
Renal artery stenosis
Bronchopulmonary dysplasia

Infancy to 6 years Renal parenchymal disease
Renal artery stenosis
Coarctation of the aorta
Medications (corticosteroids, albuterol, pseudoephedrine)
Endocrine causes

6–10 years old Renal parenchymal disease
Renal artery stenosis
Primary (essential) hypertension
Endocrine causes

Adolescence Primary (essential) hypertension
White coat hypertension
Renal parenchymal disease
Substance abuse (cocaine, amphetamines, methamphetamines, 
phencyclidine, methylphenidate, caffeine)
Teen pregnancy

The most common cause of secondary HTN in children

=>Renal and/or Renovascular origin

=>63-74% <6 years of age HTN

• Renal parenchymal disease 34%

• Renal structural abnormalities 79% : 

( reflux nephropathy, hydronephrosis, small kidney, 

single kidney, renal scar, bladder abnormality)

• Renovascular disease  12%

Age distribution
(a) initial HTN 
(b) secondary HTN

49% in  2015 in Texas referral center

2ndary hypertension clue 

• <6 years  of age
• Symptoms & signs of 2ndary causes
• Prematurity, NICU admission
• Small for gestation age(SGA)
• Short stature
• CAKUT (congenital anomaly of kidney and urinary tract)
• CKD familial history
• Isolated diastolic hypertension
• Rt arm BP > 20mmHg Lt arm
• Rt arm BP >20 mmHg Rt thigh BP
• Nocturnal non-dipping
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Physical examination 

• elfin facies of Williams syndrome, 
• café-au-lait spots and small skin neurofibromata of neurofibromatosis 

type I, 
• Cushing syndrome, 
• ambiguous genitalia associated with congenital adrenal hyperplasia 
• hypertensive retinopathy may be present in children with severe or 

long-standing hypertension 
• unilateral facial paralysis (Bell’s palsy of the seventh cranial nerve)
• abdominal bruit in renovascular disease (in 50%)
• femoral pulses : diminished in patients with coarctation of the aorta or 

middle aortic syndrome. 
• determination of height, weight, and BMI with comparison to 

percentiles for age and gender

Laboratory evaluation in patients evaluated because of 
HTN according to the AAP guideline

All patients Obese patients Optional tests
Urinalysis HbA1C FBS
Chem & electrolyte AST, ALT TSH 
Lipid profile Fasting lipid panel Drug screening

Renal USG
Sleep study (snoring, 
daytime drowsiness or 
apnea)

Secondary causes of secondary HTN in children: 
=>Cardiac, Including Aortic Coarctation

Right arm BP >20 mm Hg (or more) than the lower leg BP

• CoA

• Abdominal aortic obstruction in Neurofibromatosis,               

Williams syndrome, Takayasus arteritis

Symptoms and Signs of hypertension
a. Symptoms that suggest secondary hypertension

Dysuria, thirst/ polyuria, nocturia, hematuria

Edema, weight gain & loss, inability to gain weight

Headache, Palpitations, sweating, fever, paleness, flushing

Cold extremities, claudication

Virilization, primary amenorrhea and male pseudohermaphroditism

b. Symptoms suggesting organ damage

Headache, epistaxis, dizziness, visual disturbance

Facial paralysis, stroke, seizure
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Cardiac Injury in Pediatric HTN

Echocardiography before treatment 

• Elevated Left ventricular mass definition

≥38.6g/m2 in youth 

• Significant Left ventricular hypertrophy in ≥9 years of age 

≥51 g/m2

Vascular structure injury evidence in youth

1. Larger artery changes
• Thicker carotid intima-media 

thickness, 

• Higher pulse wave velocity, 

• Lower flow-mediated dilation

Routine PWV assessment =>still not recommended in 2022

Genetic analysis should be performed in terms of 
monogenic hypertension 

• if plasma renin activity is suppressed 
• if aldosterone/renin ratio is increased 

(>10, aldosterone ng/dL, renin ng/mL), 
• if there is a family member who was diagnosed as having hypertension 

at early age  
• if hypokalemia accompanies
• if ruled out renovascular disease

Target organ damage
A linear relationship was found between mean clinic and daytime ABPM 
and LVM index in youth even though elevated BP.
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Cause of Primary hypertension

Heritability
unable to identify specific genes
complex interactions among a large number of susceptibility gene
epigenetic factors

Physiology
Larger role of increased Cardiac output in youth
Larger role of increased vascular resistance in older individuals
Increased sympathetic tone & Na & fluid retention in overweight or obesity

Insulin resistance
Renin-angiotensin-aldosterone system dysregulation
Inflammation
Evironmental stress

:Air pollution with measures of particulate matter (PM2.5)   

Epigenetics in hypertension: 유전자조절 스위치

DNA 메틸화(DNA methylation)과 히스톤 변형(histone 
modification), 마이크로RNA(microRNA) 

central retinal arteriolar (CRAE)

2.  Microvascular changes
:Abnormal central retinal arteriolar 
and venular diameters.

=>Children with higher 
cardiorespiratory fitness had wider 
vessels regardless of BP
=>A lifestyle benefit in preventing 
BP-related microvascular injury in 
children

=>Narrowing of retinal arterioles 
predicted evolution of systolic BP. 

Primary hypertension Clues      

• ≥6 years of age

• Overweight, obese (52.9%)

• Familial hypertension history (86.2%)

• Isolated systolic hypertension (62.9%)

• Not have history or physical examination findings

Referral center in NY from Pediatr nephrol 2005 
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Immune 
abnormalities in 
childhood 
hypertension:
Imbalance of 
dentritic T cell

Management of HTN

Fetal Programming and Epigenetics and Hypertension

Insights into the Mechanisms of Fetal Growth 
Restriction-Induced Fetal Programming of Hypertension

Integrated Blood Pressure Control, 2021 
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Population group Systolic BP (95% CI) (m
m Hg/g sodium per day)

Diastolic BP (95% CI) (m
m Hg/g sodium per day)

Adults with normal BP4 1.4 (0.7, 2.1) 0.6 (0.1, 1.1)

Adults with hypertension4 3.1 (2.4, 3.8) 1.6 (1.2, 2.1)

Children without any clinic
al conditions13 0.8 (0.4, 1.3) 0.7 (0.0, 1.4)

Children with elevated BP 
(this review) 6.3 (2.9, 9.6) 3.5 (1.2, 5.7)

Comparison of the association between sodium intake 
and systolic and diastolic blood pressure (BP) in adults 
and children with normal and elevated BP

Who should be treated with medication?

lstage 2 HTN obesity

lend-organ damage, 

lsymptoms  

lother CVD risk factors: DM, CKD

l2ndary hypertension

lPersistent primary hypertension after 6–12 mo of life style 

changes

Encouraging their kids to eat a 
healthy diet that is low in salt 
and sugary drinks, and high in 
fruit, vegetables, and whole 
grains, and to engage in lots of 
physical activity

DASH diet, 
Reduced sodium intake

Vigorous exercise,        

Reduced screen time

Quit smoking, 

Who should be treated with non-medicine 
management?

l Elevated BP

l White-coat hypertension

l Primary hypertension

l Secondary hypertension

Dietary changes: 
DASH diet, 
Reduced sodium intake

Physical activity: 
Vigorous exercise, 
Reduced screen time
Quit smoking, 
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Mineralocorticoïd receptor a
ntagonists

Acute or severe renal failur
e (eGFR < 30 mL/min)

Angiotensin-converting enz
yme inhibitors

Pregnancy
Women with child bearing p
otential
Malignancies

Angioneurotic edema
Hyperkalemia
Bilateral renal artery 
stenosis

Angiotensin II receptor bloc
kers

Pregnancy
Women with child bearing p
otential
Malignanices

Hyperkalemia
Bilateral renal artery 
stenosis

Non-dihydropyridines calciu
m-channel blockers (diltiaze
m, verapamil)

A-V block

Malignancies
(grade 2 or 3, trifascicular bl
ock)
Severe LV dysfunction
Heart failure

Clinical practice guidelines

Start monotherapy at the lower end of the dosing range

First-line treatment options

l angiotensin-converting enzyme inhibitors, 

l angiotensin receptor blockers (ARBs), 

l long-acting calcium channel blockers,

l thiazide diuretics. 

* BB: not recommend as initial therapy
*  ACEi: recommend to start at a higher initial dose for African-American

For CKD, DM, Proteinuria

Antihypertensive agents: 
a long way to safe drug 
prescribing in children
Pediatr Nephrol. 2020; 

Dilemma of management strategies and medication 
utility and safety
Pharmacological classes Compelling Possible
Major classes

Beta-blockers

Asthma Metabolic syndrome

AV block 
(grade 2 or 3)

Glucose intolerance
Athletes and physically active patients
Chronic obstructive pulmonary disease 
(except for vasodilator bate-blockers)

Diuretics Gout

Metabolic syndrome
Glucose intolerance
Pregnancy
Hypercalcemia (except loop diuretics)
Hypokalemia, Malignancies
(renal cell carcinoma)
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The role of plasma renin activity, age, and race in 
selecting effective initial drug therapy for hypertension 
in adult Am. J. Hypertens. 2013

aged 30–59 
years with PH
526명
Thiazide, 
candersartan, 
renin 

Categorization of Antihypertensive Drug Classes by 
Mechanism of Action

Anti-Renin System 
Drugs

Natriuretic Volume-
Mediated Drugs

Drugs with Both Mechani
sms of Action

Angiotensin-converting enz
yme inhibitors

Thiazide diuretics Mixed β-/α-blockers (i.e., c
arvedilol and labetalol)

Angiotensin II receptor bloc
kers

Aldosterone antagonists

Direct renin inhibitors Calcium channel antagonis
ts

β–Blockers α-Blockers

Central α-agonists

For high-renin group             For low-renin group

FDA approved antihypertensive drugs for children

ACEi
Benazepril ≥6 years*
Enalapril ≥1 month
Fosinopril ≥50 kg*

ARB
candesartan ≥1 years*
Losartan     ≥6 years*
Olmesartan ≥6 years*
Valsartan     ≥1 years*

Pediatrics, Vol. 140, 2017

Thiazide       children
Chlorthiazide
Hydrochlorothiazide 

CCB
Amlodipine ≥6 years*

BB
Metoprolol

Clinical practice guidelines

Ø Recommend a stepwise therapeutic approach, 
Ø Start with a single medication at the low dose
Ø Increasing every 2 to 4 weeks until BP is controlled (< 90th 

percentile), The maximal dose is reached, or adverse effects 
occur. 

Ø Add-on the second agent if initial trial fail.

Ø Thiazide diuretic may be preferred as the second agent to 
balance the salt and water retention that occurs with many 
antihypertensive medications, 
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Nonsteroidal Mineralocorticoid Receptor Antagonism : 
finerenone: including pediatric CKD

Trials are also in progress to assess the efficacy of finerenone in new indications including adult 
and pediatric patients with nondiabetic CKD, as well as in patients with symptomatic HF and LVEF 
≥ 40%.

Evolution of a New Class of Antihypertensive Drugs 
(2019)

Targeting Ang III 
by inhibiting brain APA 

2023 ESH guidelines for the management of 
arterial hypertension: treatment goal

Treatment goal: 
Reduce office BP below the 95th percentile,
Lower BP targets (below the 90th percentile) in HMOD or 2ndary HTN. 
BP <120/80 mm Hg for adolescence

Lower BP targets 
below the 75th percentile for 24h mean BP in CKD without proteinuria
below the 50th percentile for 24 h mean BP in CKD with proteinuria.. 

Trial New Antihypertensive 
Drugs
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Prevention

Salt sensitivity of children with low birth weight

Kidney length, expressed in percentage of the expected 
size in children born SGA (at term or preterm, n=25) 
and children born AGA (at term or preterm, n=25

Correlation between salt sensitivity and kidney length, 
expressed in percentage of the expected values from 
the literature. Values are grouped in salt-sensitive and 
salt-resistant children. The difference between the 2 
groups was statistically significant (P=0.02).

Microbiome and hypertension: where are we now?

J Cardiovasc Med 2020 

The association 
between gut 
microbiome and 
hypertension 
varies according 
to enterotypes: a 
Korean study

Front. Microbiomes, 26 May 2023

Known as small interfering 
RNA (siRNA), Zilebesiran
turns off the gene 
responsible for producing 
angiotensinogen, 
preventing it from being 
made. : biannual injection
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Congenital and solitary functioning kidneys from 
birth :a single study in children aged 18 months to 10 years

increased BP, reduction in PRA, and impairment of sodium excretion, with sodium handling 
worsening with age in sheep models

Comparing children with congenital solitary kidney, acquired solitary kidney, and a 
hypofunctioning kidney
=> salt intake (as estimated by 24-h urine sodium) correlated positively with 24-h systolic 
BP and 24-h MAP when all groups were combined but only for those with a congenital 
solitary kidney when each group was considered separately. Of note, the frequency of 
nocturnal HT was significantly increased for all three groups compared to that for controls.

Summary

Primary hypertension is present in as many as 5% of pediatric and adolescent cases.

The most common cause of hypertension in children and adolescents under the age of 6 is 
secondary hypertension.

There is also a 49% chance that pediatric and adolescent hypertension may be secondary in nature.

Even in elevated blood pressure, cardiovascular abnormalities can already be progressing.

Pediatric hypertension tends to coexist with conditions such as obesity, high cholesterol, and 
Diabetes, especially in cases of prematurity.
The diagnosis of pediatric hypertension recommends the use of ABPM (Ambulatory Blood Pressure 
Monitoring).

Children and adolescents should have their blood pressure measured at least once a year.

Early Predictors of Hypertension in Prematurely Born 
Adolescents: increased early weight gain velocity

Results
The adjusted mean difference in blood pressure for preterm adolescents was 5.1 mm Hg; p=0.002 for 
systolic and 2.1 mm Hg; p=0.027 for diastolic blood pressure. Among preterms, the primary 
predictors of increased systolic blood pressure were weight gain velocity between birth and 36 
months (b=8.54, p<.001), preeclampsia (b=5.67, p=0.020), non-white race (b=3.77, p=0.04) and male 
gender (b=5.09). Predictors of diastolic blood pressure were weight gain velocity between birth and 
36 months, (b=4.69, p=0.001, brain injury (b=6.51, p=0.002 and male gender (b=−2.4, p=0.02).

Conclusions
Early programming secondary to increased early weight gain 
velocity, intrauterine stress and neonatal brain injury may all 
contribute to risk of increased blood pressure among former 
preterm adolescents.

Dimercaptosuccinic acid (DMSA) renal scan in the 
evaluation of hypertension in children: 
DMSA vs US; 21% 7% Pediatric Nephrology (2008)



소아청소년 고혈압의 평가 및 치료에 대한 최신 지견

https://clipart-library.com/clipart/Lcdo9x8gi.htm

Nature?        Nuture?
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신장초음파의 기초

  

01

² 신실질 Parenchyma
u 피질 Cortex
u 수질 Medulla (Pyramid) 

u 유두 papilla
u 신주 Column of Bertin

² 집합기관Collecting system
u 신우 Renal pelvis
u 신배 Major & Minor calices -

infundibulum

² 신동Renal sinus
u Central echo complex
u Vessels, fat
u Lymphatics, Connective T. 

² 신문 Renal hilum

² 다른#Modality에#비하여#해상도가#낮다.

² # 비특이적이다.

² 시야가#좁다.

² 시술자#의존적

² 환자의#체형에#영향

신장초음파의  기초

신장초음파

신장  비뇨기계  초음파

Kidney
Bladder

Adrenal gland

하복부  초음파

Appendix
Small bowel
Large bowel
Inguinal area



신장초음파의 기초

신장의 크기 측정 와 실질 에코 

Ø신피질  에코가  간보다  낮음

Ø신수질의  에코는  피질보다  낮음

!!""##$$%%&&""''(())**%%++,,%%,,--##))((##$$,,..

Ø!!""##$$%%&&''$$(())**++&&%%,,--..$$//00

Ø11**22..33++$$&&44,,%%##

Ø 552266**''$$((,,22

Ø11**22..33++--..%%**22''//0044..33++77((##**..##**##

Ø 88''&&$$**++%%**22..33++66..((33&&%%**

Ø ''//%%,,22((''++%%**22..33++66..((33&&%%**

Ø99,,22::**22(($$..33++..22,,44..3300

Ø ;;..##''&&33..%%++77((##**..##**

1. Renal parenchymal echogenecity;  normal
2. Kidney size

Right;  x cm
Left;  x cm

3. Kidney focal lesion; absent
4. Hydronephrosis; absent
5. Adrenal abnormality; absent
6. Bladder wall thickening; absent
7. Bladder mass or stone; absent

!!""##$$%%&&##''(())

²  적응증; 혈뇨. 측부 통증. 신장질환 
추적관찰. 침습적 시술 전 계획. 유도

² 금식은 필수는 없음.

² C5-2MHz 곡선형 탐촉자 (convex probe)
² UGI, 내시경??
² 간, 비장과 비교
² 양측 측와위, 앙와위. 베게 
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Obstruc5ve uropathy-ureter stone

Simple renal cyst

요로폐쇄-Obstructive uropathy

Obstructive uropathy – renal stone
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신세포암 RCC

요관상피암 TCC

Cystic renal disease

AML (Angiomyolipoma)
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Ectopic Kidney, Horseshoe kidney

Renal Doppler

Ø RI; [PSV – EDV] / PSV

요관상피암 TCC

신장의 echogenicity
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Kidney pseudomass

² DDrroommeeddaarryy  hhuummpp

u pprroommiinneenntt  bbuullggiinngg  ooff  llaatteerraall  bboorrddeerr

u aallmmoosstt  LLKK

² JJuunnccttiioonnaall ppaarreenncchhyymmaall ddeeffeecctt

Kidney pseudohydronephrosis

² Prominent renal vessels
² Extrarenal pelvis
² Parapelvic cyst

Renal a stenosis

Kidney pseudomass

PPrroommiinneenntt  ccoolluummnn  ooff  BBeerrttiinn

u mm//cc  ppsseeuuddoottuummoorr

u jjuunnccttiioonn  ooff  uuppppeerr  aanndd  mmiiddddllee  tthhiirrddss  

u HHyyppeerrttrroopphhiieedd  ccoorrttiiccaall  ttiissssuuee  bbeettwweeeenn  ppyyrraammiiddss  tthhaatt  pprroojjeeccttss  iinnttoo  
tthhee  rreennaall  ssiinnuuss



신장초음파의 기초

Summary

표준 검사법- 판독지 작성
 
Ø 신장초음파- 크기, ech-, mass
Ø 방광초음파- 벽두께, mass

Ø 안전하고 쉽게
Ø 해부학적 변이 다양- psedomass, psedohydro
Ø 연부조직 해상도가 낮은 한계점

감사합니다~~

M E M O



고혈압 평가를 위한 심장초음파의 역할

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Hypertension Guidelines

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Hypertension Guidelines

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

고혈압 평가를 위한 

심초음파의 역할

동탄성심병원 순환기내과 이연정

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

All patients with hypertension 
need an echocardiogram? 
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ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LVH (Left ventricular hypertrophy)

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LVH

v Definition

Normal cavity size, uniformly increased LV wall thickness, increased LVM(LV 

mass)

v Prevalence

• 7.4 % (SPRINT trial) ~ 13.9 % (Italian cohort)

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Hypertension Guidelines

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Quiz

Hypertension 시 발생 가능한 Echocardiography 소견은???

1. LVH (Left ventricular hypertrophy)

2. LAE (Left atrial enlargement )

3. Dilation of ascending aorta

4. Mitral valve calcification

5. Reduced ejection fraction (Heart failure)
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ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LVH

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LVH

Mechanisms of arrhythmias in LVH

• Ischemia

• Electrophysiologic abnormalities

• Abnormalities of the hypertrophied myocardial cell

• Increased sympathetic activity

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LVH

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LVH
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ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LVH ECG

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LVH ECG

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LVH ECG

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LVH ECG
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ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LVH(Left ventricular hypertrophy)

F/60

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LVH(Left ventricular hypertrophy)

F/60

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

ESC/ESH Guidelines

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

ESC/ESH Guidelines

0.43



고혈압 평가를 위한 심장초음파의 역할

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LVH(Left ventricular hypertrophy)

M/48

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LVH(Left ventricular hypertrophy)

M/48

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LVH(Left ventricular hypertrophy)

M/60

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LVH(Left ventricular hypertrophy)

M/60



고혈압 평가를 위한 심장초음파의 역할

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

2023 ESH Guidelines

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LV diastolic dysfunction

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LVH(Left ventricular hypertrophy)

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LV diastolic dysfunction



고혈압 평가를 위한 심장초음파의 역할

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LV diastolic dysfunction

M/36

Both leg edema
Local BP 240/150

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LAE (Left atria enlargement)

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LV diastolic dysfunction

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LV diastolic dysfunction



고혈압 평가를 위한 심장초음파의 역할

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

ESC/ESH Guidelines

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LAE

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LAE EKG

v V1

• Biphasic P wave with terminal negative portion > 40 ms

• Biphasic P wave with terminal negative portion > 1mm deep

v In lead II

• Bifid P wave with > 40 ms between the two peaks

• Total P wave duration > 110 ms

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LAE EKG



고혈압 평가를 위한 심장초음파의 역할

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LAE Case

M/56

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Dilatation of aorta
& Aortic valve calcification

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LAE

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LAE



고혈압 평가를 위한 심장초음파의 역할

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Aortic valve disease

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Dilatation of aorta M/68
Hypertension
Hyperlipidemia
BPH

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Dilatation of aorta

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Aortic valve disease



고혈압 평가를 위한 심장초음파의 역할

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Mitral annular calcification

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Mitral annular calcification M/65, 140/80

# HTN
# Hyperlipidemia
# Macular degeneration

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Aortic valve thickening

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Mitral annular calcification



고혈압 평가를 위한 심장초음파의 역할

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Heart failure

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Heart failure

M/27

시야흐림

BP 180/100

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Reduced Ejection fraction

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Heart failure



고혈압 평가를 위한 심장초음파의 역할

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

혈압 조절을 잘 하게 되면 심장초음파에서 
보이는 Hypertension mediated organ 
damage 가 호전되나요??

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Hypertension Guidelines

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Heart failure

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Quiz

Hypertension 시 발생 가능한 Echocardiography 소견은???

1. LVH (Left ventricular hypertrophy)
2. LAE (Left atrial enlargement )
3. Dilation of ascending aorta
4. Mitral valve calcification
5. Reduced ejection fraction

정답 : All of above



고혈압 평가를 위한 심장초음파의 역할

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LVH Regression

• Lowering blood pressure with antihypertensive agents, weight loss, or 

dietary sodium restriction decreases cardiac mass in patients with LVH

• 고혈압 치료후 좌심실 비대의 개선 여부 최소 6개월 이상 간격이 필요

• Serial monitoring of ECG voltage 

• LVH voltage loss :  pleural or pericardial effusion, weight gain, and 
increased severity of chronic obstructive pulmonary disease

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Case 1

2021/02/06  153/91 2022/09/16  118/68 2023/09/06 105/63

M/53 Candesartan 8mg 

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LVH Regression

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

LVH Regression



고혈압 평가를 위한 심장초음파의 역할

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Case 2

Amlodipine 10mg QD
Candesartan 16mg QD
Bisoprolol 10mg QD
Lasix 20mg QD
Aldactone 25mg QD

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

2023/07 
109/79

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Case 2

2023/05 M/49

• Chief complain : Diplopia

• BP 220/120
• BUN/Cr 13.2/1.15
• BNP 259
• HbA1c 5.7
• Thyroid function : normal
• 2nd HTN hormone : normal

ⓒSaebyeol Yu. Saebyeol’s PowerPoint



고혈압 평가를 위한 심장초음파의 역할

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Case 3

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Case 3 2021/11

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Case 3

M/27, Dyspnea

• BP 200/120

• HbA1c 5.5
• BUN/Cr 13.0/1.03 eGFR 87
• AST/ALT 73/178
• BNP 2128
• TFT : normal

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Case 3



고혈압 평가를 위한 심장초음파의 역할

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Case 3 2022/01
143/86

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Summary

심장구조의 고혈압성 변화

• LVH 

• RVH

• LAE 

• Dilatation of ascending aorta

• Dilatation of sinus of valsalva

• Mitral valve calcification

• Aortic valve calcification

• Reduced ejection fraction

고혈압 환자 중 심초음파 권고

• ECG abnormal 

• LV dysfunction 의 증상이 동반

• LVH 여부가 치료에 영향을 줄 경우

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Case 3

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

Case 3

Medication : Entresto 50mg BID, Aldactone 25mg QD, Concor 2.5mg QD, Norvasc 
5mg QD, Lasix 40mg QD, Forxiga 10mg QD

2021/11/01 160/100
2021/11/04 120/80   à 퇴원시

2021/11/18 139/82



고혈압 평가를 위한 심장초음파의 역할

ⓒSaebyeol Yu. Saebyeol’s PowerPoint

경청해 주셔서 감사합니다
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30 ㎍/0.3ml, 50 ㎍/0.3ml, 75 ㎍/0.3ml, 100 ㎍/0.3ml, 120 ㎍/0.3ml, 150 ㎍/0.3ml, 200 ㎍/0.3ml, 250 ㎍/0.3ml, 360 ㎍/0.6ml(메톡시폴리에칠렌글리콜-에포에틴 베타)
(숙주 : CHO cell, 발현벡터 : DN2-3) / 안정(화)제 : 무수황산나트륨(E.P.), 폴록사머188(E.P.) / 항산화제 : 메치오닌 / 완충제 : 인산이수소나트륨일수화물 / 등장화제 : 만니
톨 / pH조정제 : 염산, 수산화나트륨 / 용제 : 주사용수(E.P.)(메톡시폴리에칠렌글리콜-에포에틴 베타)

[성상] 무색 또는 미황색의 투명한 용액이 충전된 프리필드시린지 [효능·효과] 만성 신질환 환자의 증후성 빈혈치료  [용법·용량] 이 약은 피하주사(SC) 또는 정맥주사(IV)로 투여
할 수 있다. 이 약은 복부, 팔 또는 대퇴부에 피하주사 될 수 있다. 헤모글로빈 수치가 안정화될 때까지는 매 2주마다, 안정화 이후부터는 주기적으로 헤모글로빈 수치를 모니터하는 
것이 권장된다. 이 약은 대개 장기간 투여되나, 필요시 언제든지 중단할 수 있다. 만약 해당 투여일에 이 약 투여를 놓쳤다면 가능한 빨리 그 용량을 투여하고 원래 투여 주기대로 치
료를 재개한다. 1. 조혈촉진제를 투여받고 있지 않은 환자 : 목표한 헤모글로빈수치[1Og/dl(6.21mmol/L) 초과]에 도달하기 위해 투석을 하는 환자는 초기 권장 용량으로 0.6μg/kg
을 매 2주마다 주사 (피하 또는 정맥)하며 투석을 하지 않는 환자는 초기 권장 용량으로 0.6μg/kg을 매 2주마다 주사 (피하 또는 정맥)하거나 1.2μg/kg을 매 4주마다 피하 주사한
다. 만약 1개월간의 헤모글로빈 증가 속도가 1.Og/dl(O.621mmol/L)보다 낮다면 용량을 약 25% 증량시킨다. 환자별로 목표한 헤모글로빈 수치에 도달될 때까지 1개월 간격으로 약 
25%씩 증량할 수 있다. 1개월간 헤모글로빈 증가 속도가 2g/dl(1.24mmol/L)를 초과하거나 헤모글로빈 수치가 증가하여 12g/dl(7.45mmol/L)에 도달할 경우 용량을 약 25% 감
량한다. 헤모글로빈 수치가 계속 증가할 경우 수치가 감소되기 시작할 때까지 투여를 중단하고, 수치가 감소되기 시작하는 시점에 이전 용량에서 약 25% 감량하여 치료를 재개한
다. 투여 중단 후 헤모글로빈 수치는 1주당 0.35g/dl씩 감소될 것으로 예상된다. 용량 조절은 1개월에 1회를 초과하지 않도록 한다. 매 2주마다 투여 받은 환자의 헤모글로빈 농도가 
10g/dl(6.21mmol/L)를 초과하여 도달했을 경우, 이전 용량(2주 1회 용량)의 2배에 해당하는 용량으로 1개월에 1회씩 투여받을 수 있다. 2. 조혈촉진제를 투여받고 있는 환자 : 현재 
다른 조혈촉진제를 투여받고 있는 환자에 이 약을 1개월 1회 대체 투여할 수 있다. 이 약의 초기 용량은 표 1과 같이 투여 받고 있는 다베포에틴 알파 또는 에포에틴의 1주 요법의 용
량에 따라 다르다. 이 약의 첫 투여는 이전에 투여된 다베포에틴 알파 또는 에포에틴의 투여주기에 따라 예정된 다음 투여일에 실시된다. 표1. 미쎄라 초기 용량

다베포에틴 알파의 IV 또는 SC 용량 (mcg/week) 에포에틴의 IV 또는 SC 용량 (IU/week) 미쎄라 IV 또는 SC 투여시 용량 (mcg/month, 1개월 1회)

< 40 < 8000 120

40 - 80 8000 - 16000 200

> 80 >  16000 360

목표 헤모글로빈 농도(1Og/dl(6.21mmol/L)초과]를 유지하기 위해 용량 조절이 필요한 경우, 1개월당 용량을 약 25%씩 조절 할 수 있다. 1개월간 헤모글로빈 중가속도가 2g/
dL(1.24mmol/L)를 초과하거나 헤모글로빈 수치가 증가하여 12g/dl(7.45mmol/L)에 도달할 경우 용량을 약 25% 감량한다. 헤모글로빈 수치가 계속 증가할 경우 수치가 감소되
기 시작할 때까지 투여를 중단하고, 수치가 감소되기 시작하는 시점에 이전 용량에서 약 25% 감량하여 치료를 재개한다. 투여 중단 후 헤모글로빈 수치는 1주당 0.35g/dl씩 감
소될 것으로 예상된다. 용량 조절은 1개월에 1회를 초과하지 않도록 한다. 복막투석 환자에 대한 치료 경험이 제한적이므로, 이러한 환자의 경우 정기적인 헤모글로빈 모니터링과 
용량 조절 지침을 엄격하게 준수하는 것이 권장된다.  [사용상 주의사항] 1. 경고 1) 적혈구 수혈이 필요하지 않은 최소의 헤모글로빈 농도를 유지할 수 있는 용량으로 투여할 것. 
2) 만성 신질환 환자의 경우 권장 목표 헤모글로빈 농도를 초과하지 않도록 헤모글로빈 농도를 유지하여야 한다. 임상시험에서 조혈촉진제 투여시 혈중 헤모글로빈 농도가 12g/
dL(7.5mmol/L)을 초과하는 경우 중대한 심혈관계 부작용 및 사망의 위험성을 증가시키는 것으로 나타났다. 대조임상시험에서도 헤모글로빈 농도가 빈혈증상 조절 및 수혈을 피
하는데 필요한 수준을 초과할 경우 에포에틴 투여에 의한 유의한 이점은 나타나지 않았다. 3)방사선 요법을 받고 있는 진행성 두경부암 환자, 화학요법을 받고 있는 전이성 유방암 
환자, 화학요법 또는 방사선요법을 받지 않은 활동성 종양환자에서 에리스로포이에틴 제제의 투여로 헤모글로빈 농도가 12g/dL를 초과하는 경우 사망의 위험성이 증가하고 종양
의 진행시간을 단축시킨다. 4) 수술 전 동종 적혈구 수혈의 감소를 목적으로 에리스로포이에틴 제제를 투여 받은 환자에서 심부정맥 혈전증의 빈도가 높게 나타났다. 2. 금기 1) 이 
약 및 이 약의 구성성분에 과민증인 환자 2) 조절이 되지 않는 고혈압 환자 3. 다음 환자에는 신중히 투여할 것 1) 중증 간질환 환자 2) 헤모글로빈병증 환자 3) 발작 환자 4) 수혈이 
필요한 출혈환자 또는 최근에 출혈이 있었던 환자 5) 혈소판 수치가 500 X 109/L 보다 높은 환자 Mircera-2019-02-01-1.0 1) 보다 자세한 제품정보 및 제품 관련 유해사례 보고는 
(주한국로슈 (02-3451-3600)로 문의 하시기 바랍니다. 2) 가장 최신 제품정보는 ㈜한국로슈 홈페이지(www.roche.co.kr)에서 확인하실 수 있습니다.(: Mircera-2021-03-19)

(주)한독 서울시 강남구 테헤란로 132 TEL 02-527-5114  FAX 02-527-5001  www.handok.co.kr (주)한국로슈 서울특별시 서초구 서초대로 411, 17층(서초동, 지티타워(이스트))  (우: 06615) TEL: 02) 3451-3600 FAX: 02) 561-7201
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디오반은 고혈압, 심부전* 및 심근경색 후의 사망 위험성 감소에 대한

 적응증†을 동시에 가지고 있는 유일한 ARB입니다

Time proves

DIOVAN

서울시 영등포구 국제금융로 10 Three IFC, 49층
Tel. 02) 768-9000 Fax. 02) 785-1939 www.novartis.co.kr www.novaMD.co.kr

KR
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14

References. 1. 디오반 제품정보. 2. 의약품 정보. 약학정보원. http://www.health.kr. Accessed on 5 January 2022. 3. Pfeffer MA, et al. N Engl J Med 
2003;349:1893-1906. 4. Cohn JN, et al. N Engl J Med 2001;345:1667-1675.

*ACEi에 불내성인 심부전 환자(NYHA class II~IV),†디오반 320mg은 고혈압 적응증만 가지고 있습니다

Procuct Information
처방하시기 전 QR 코드 또는 식품의약품안전처 의약품통합정보시스템(https://nedrug.mfds.go.kr)을 통해 상세 제품정보를 참조하시기 바랍니다.

디오반필름코팅정
40mg, 80mg, 160mg, 320mg



[04527] 서울특별시 중구 세종대로 14, 비동 15층(남대문로5가, 그랜드센트럴) TEL  02-6411-6200 FAX 02-6411-6201  제품 의학정보 문의 www.viatris.co.kr TEL  02-6411-6200  E-mail  Viatris-Korea-MI@viatris.com(주)

수입자/판매자

노바스크®정 제품 요약정보
[주요 안전성 정보]  *Norvasc의 Amlodipine은 내약성이 좋습니다. 고혈압 및 협심증 환자에 대한 위약 대조 임상에서 가장 흔하게 나타나는 노바스크의 이상반응은 다음과 같습니다. 혈관계: 홍조 / 전신: 피로, 부종 / 심혈관계: 심계항진 / 중추 및 말초신경계: 현기증, 두통, 졸음 / 소화기계: 복통, 오심
[제품명ㆍ성분명] 노바스크 정 2.5 mg, 5 mg, 10 mg (암로디핀베실산염 2.5 mg, 5 mg, 10 mg) [효능ㆍ효과] 1. 고혈압, 관상동맥의 고정폐쇄(안정형협심증) 또는 관상혈관계의 혈관경련과 혈관수축(이형협심증)에 의한 심근성허혈증 2. 최근 혈관조영술로 관상동맥심질환이 확인된 환자로 심부전이 없거나 심박출량이 40% 
미만이 아닌 환자의 - 협심증으로 인한 입원의 위험성을 감소 - 관상동맥 혈관재생술에 대한 위험성 감소 [용법ㆍ용량] <성인> 암로디핀으로서 1일 1회 5 mg을 경구투여하며 환자의 반응에 따라 1일 최고 10 mg까지 증량할 수 있다. 연령, 증상에 따라 적절히 증감한다. <소아 (만6-17세)> 효과적인 혈압강하를 위한 암로디핀의 
경구투여 용량은 1일 1회 2.5 mg-5 mg이다. 소아환자에서 1일 5 mg을 초과하는 용량은 연구되지 않았다. [사용상의 주의사항] 1. 다음 환자에게는 투여하지 말 것 1) 이 약 또는 다른 디히드로피리딘계 약물 (암로디핀은 디히드로피리딘계 칼슘채널차단제이다)에 과민증의 병력이 있는 환자 2) 임부 또는 임신하고 있을 가능성
이 있는 부인, 수유부 3) 중증의 간기능장애 환자 4) 중증의 대동맥판협착증 환자 5) 쇽 환자 2. 다음 환자에는 신중히 투여할 것 1) 중증의 저혈압 환자 2) 투석을 해야 하는 신부전 환자 3) 고령자 3. 고혈압 및 협심증환자에 대한 위약대조 임상시험에서 가장 흔하게 나타난 이상반응은 홍조, 피로, 부종, 현기증, 두통, 복통, 오심, 심
계항진, 졸음이었습니다. 4. 시토 크롬 P3A4 저해제: 고령의 (만 69세~87세) 고혈압환자에서 1일 딜티아젬 180 mg과 암로디핀 5 mg의 병용투여는 암로디핀의 전신노출을 57%까지 증가시켰습니다. 건강한 지원자(만 18~43세)에서 에리트로마이신의 병용투여는 암로디핀의 전신노출을 유의적으로 변화시키지 않았습니다. 
(AUC의 22% 증가). 비록, 이에 대한 임상적 연관성은 밝혀지지는 않았으나, 고령자에서 약동학적 변화가 더 나타날 수 있습니다. 강력한 시토크롬 P3A4 저해제(예, 케토코나졸, 이트라코나졸, 리토나비어)가 암로디핀의 혈장 농도를 딜티아젬과의 병용투여 에서 나타난 것보다 더 높은 수치로 증가시킬 가능성은 배제할 수 없습
니다. 암로디핀은 시토크롬 P3A4 저해제와 병용투여 시 주의하여 투여합니다. 그러나, 이런 약물상호작용으로부터 기인된 이상반응은 보고된 바 없습니다. [제품설명서 개정년월일] 2022.03.28
※제품에 대한 자세한 내용은 최신의 제품설명서를 참고하시기 바라며, 홈페이지(www.viatris.co.kr)에서 확인할 수 있습니다. 

References 1. 노바스크 제품설명서(개정년월일 : 2022.03.28) 2. World Health Organization. Guideline for the pharmacological treatment of 
hypertension in adults. 3. 대한고혈압학회 고혈압진료지침.2022 4. Dahlf B, et al. Prevention of cardiovascular events with an antihypertensive regimen of 
amlodipine adding perindopril as required versus atenolol adding bendroflumethiazide as required, in the Anglo-Scandinavian Cardiac Outcomes Trial-Blood 
Pressure Lowering Arm (ASCOT-BPLA): a multicentre randomized controlled trial. Lancet. 2005 Sep 10-16;366(9489): 895-906 5. Pedersen OL, et al. Ambulatory blood 
pressure monitoring after 1 year on valsartan or amlodipine-based treatment : a VALUE substudy J Hypertens 2007;25;707–712 6. Deanfield JE, et al. Amlodipine reduces transient 
myocardial ischemia in patient with coronary artery disease : Double-Bind circadian anti-ischemia program in Europe(CAPE Trial). J Am Coll Cardiol 1994;24(6);1460-1467

이 약은 소아 환자(만6~17세)에 대한 5mg 초과하는 용량은 연구되지 않았으며 디히드로피리딘계 과민증 병력, 
임부 또는 임신 가능성이 있는 부인, 수유부, 중증의 간기능장애, 중증의 대동맥판협착증, 쇽환자에 금기 됩니다.

*모노테라피가 필요하거나 처음 고혈압을 진단받은 환자에게1,2

“다양한 용량3”과 “풍부한 Evidence4-6” 양손에 든, 노바스크를 고려해 주세요.
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46%
Vs. Placebo

39%
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HbA1c€1 Weight€1 CV Death2 HHF2 Total MI3 Renal
Compositeⱡ4 Nephropathy4

자디앙 10mg, 25mg의 다양한 용량이 제공하는 우수한 혈당 강하 효과 1

RCT부터 RWE까지, 일관된 심장/신장 혜택 2-6

제2형 당뇨병 환자*의 대사-심장-신장 관리, 

지금 “자디앙”을 고려해주세요!1-6

PC-KR-103621, 202304

, Drug-naïve 환자에서 Empagliflozin 25mg 76주차 follow up 결과 ⱡ Doubling of the serum creatinine level, the initiation of renal-replacement therapy, or death from renal disease. 

References 1. Michael Roden et al., Cardiovasc Diabetol. 2015 Dec 23;14:154. 2. Bernard Zinman et al., N Engl J Med 2015;373:2117-28. 3. Darren K McGuire et al., Lancet Diabetes Endocrinol 2020; 8: 949–59. 4. Christoph Wanner et al., N Engl J Med 2016;375:323-34. 
5. Elisabetta Patorno et al., Diabetes Obes Metab. 2022;24:442–454. 6. Yan Xie et al., Diabetes Care 2020;43:2785–2795. 

자디앙은 T2D 환자의 체중 감소 목적으로 국내에서 허가 되지 않았습니다. 자디앙은 심혈관계 질환을 동반한 제2형 당뇨병 환자의 심혈관 사망, 심근경색, 심혈관계 사건 발생 및 신장 질환 위험 감소를 목적으로 국내에서 허가 되지 않았습니다.

자디앙Ⓡ정 (엠파글리플로진) 10mg [원료약품 및 분량] 자디앙。정 10mg (엠파글리플로진) 1정 (257.0mg) 중 주성분 : 엠파글리플로진 (별규) 10mg [효능·효과] 1. 제2형 당뇨병: 이 약은 제2형 당뇨병 환자의 혈당조절을 향상시키기 위해 식사요법 및 운동요법의 보조제로 투여한다. - 단독요법 - 병용요법 혈당이 충분히 조절되지 
않는 제2형 당뇨병 환자중 심혈관계 질환이 확인된 환자에서 심혈관계 사건 발생에 대한 영향은 ‘사용상의 주의사항 10. 전문가를 위한 정보 2) 임상시험 정보’항을 참고한다. 2. 만성 심부전: 만성 심부전(NYHA class II-IV)환자에서 심혈관질환으로 인한 사망 및 심부전으로 인한 입원 위험성 감소. 이 약은 다른 심부전 표준요법과 
병용하여 투여한다. [용법·용량] 제2형 당뇨병 이 약의 권장용량은 단독요법 및 인슐린 등 다른 혈당 강하제와의 추가 병용요법에 대하여 1일 1회 10 mg이다. 이 약 10 mg에 내약성이 우수하면서 추가적인 혈당조절이 필요한 경우, 이 약 용량을 1일 1회 25 mg으로 증량할 수 있다. 만성 심부전 이 약의 권장용량은 1일 1회 10mg
이다. 제2형 당뇨병 및 만성 심부전 이 약과 설포닐우레아 또는 인슐린을 병용투여시에는 저혈당 발생의 위험을 감소시키기 위해 설포닐우레아 또는 인슐린의 용량감소를 고려할 수 있다 (사용상의 주의사항, 3. 이상반응 항 참고). 이 약은 식사와 관계없이 투여할 수 있다. 정제는 통째로 삼켜서 복용한다. 이 약의 복용을 잊었을 
때에는 생각나는 즉시 복용한다. 하루에 두 배의 용량을 복용하지 않는다. [사용상의 주의사항] 1. 다음 환자에는 투여하지 말 것 1) 이 약의 주성분 및 구성성분에 과민반응이 있는 환자 2) 제 1형 당뇨병 또는 당뇨병성 케토산증 환자 3) 사구체 여과율 (eGFR)이 20 mL/ min/1.73m2 미만인 환자, 말기 신장병 (end stage renal 
disease) 또는 투석 중인 환자 4) 이 약은 유당을 함유하고 있으므로, 갈락토오스 불내성 (galactose intolerance), Lapp유당분해효소 결핍증 (lapp lactase deficiency) 또는 포도당-갈락토오스 흡수장애 (glucose-galactose malabsoption) 등의 유전적인 문제가 있는 환자에게는 투여하면 안 된다. [저장방법] 기밀용기, 
실온보관 (1-30℃) [수입자] 한국베링거인겔하임(주), 한국 (서울 중구 통일로 10 연세재단세브란스빌딩 16층) / 자디앙Ⓡ정 (엠파글리플로진) 25mg [원료약품 및 분량] 자디앙。정 25mg (엠파글리플로진) 1정 (206.0mg) 중 주성분 : 엠파글리플로진 (별규) 25mg [효능 · 효과] 이 약은 제2형 당뇨병 환자의 혈당조절을 향상시키기 
위해 식사요법 및 운동요법의 보조제로 투여한다. - 단독요법 - 병용요법 혈당이 충분히 조절되지 않는 제2형 당뇨병 환자중 심혈관계 질환이 확인된 환자에서 심혈관계 사건 발생에 대한 영향은 ‘사용상의 주의사항 10. 전문가를 위한 정보 2) 임상시험 정보’항을 참고한다. [용법 · 용량] 이 약의 권장용량은 단독요법 및 인슐린 
등 다른 혈당 강하제와의 추가 병용요법에 대하여 1일 1회 10 mg이다. 이 약 10 mg에 내약성이 우수하면서 추가적인 혈당조절이 필요한 경우, 이 약 용량을 1일 1회 25 mg으로 증량할 수 있다. 이 약과 설포닐우레아 또는 인슐린을 병용투여시에는 저혈당 발생의 위험을 감소시키기 위해 설포닐우레아 또는 인슐린의 용량감소를 
고려할 수 있다 (사용상의 주의사항, 3. 이상반응 항 참고). 이 약은 식사와 관계없이 투여할 수 있다. 정제는 통째로 삼켜서 복용한다. 이 약의 복용을 잊었을 때에는 생각나는 즉시 복용한다. 하루에 두 배의 용량을 복용하지 않는다. [사용상의 주의사항] 1. 다음 환자에는 투여하지 말 것 1) 이 약의 주성분 및 구성성분에 과민반응이 
있는 환자 2) 제1형 당뇨병 또는 당뇨병성 케토산증 환자 3) 사구체 여과율 (eGFR)이 20 mL/ min/1.73m2 미만인 환자, 말기 신장병 (end stage renal disease) 또는 투석 중인 환자 4) 이 약은 유당을 함유하고 있으므로, 갈락토오스 불내성 (galactose intolerance), Lapp 유당분해효소 결핍증 (lapplactase deficiency) 또는 
포도당-갈락토오스 흡수장애 (glucose-galactose malabsoption) 등의 유전적인 문제가 있는 환자에게는 투여하면 안 된다. [저장방법] 기밀용기, 실온보관 (1-30℃) [수입자] 한국베링거인겔하임(주), 한국 (서울 중구 통일로 10 연세재단세브란스빌딩 16층)

자디앙듀오Ⓡ정 (엠파글리플로진, 메트포르민염산염) 5/500mg, 5/850mg, 5/1000mg, 12.5/500mg, 12.5/850mg, 12.5/1000mg [원료약품 및 분량] 5/500mg - 엠파글리플로진(별규) 5mg, 메트포르민염산염(EP) 500mg, 5/850mg - 엠파글리플로진(별규) 5mg, 메트포르민염산염(EP) 850mg, 5/1000mg - 
엠파글리플로진(별규) 5mg, 메트포르민염산염(EP) 1000mg, 12.5/500mg - 엠파글리플로진(별규) 12.5mg, 메트포르민염산염(EP) 500mg, 12.5/850mg - 엠파글리플로진(별규) 12.5mg, 메트포르민염산염(EP) 850mg, 12.5/1000mg - 엠파글리플로진(별규) 12.5mg, 메트포르민염산염(EP) 1000mg [효능·효과] 이 약은 
엠파글리플로진과 메트포르민의 병용투여가 적합한 제 2형 당뇨병 환자의 혈당조절을 향상시키기 위해 식사요법 및 운동요법의 보조제로 투여한다. 혈당이 충분히 조절되지 않는 제 2형 당뇨병 환자중 심혈관계 질환이 확인된 환자에서 심혈관계 사건 발생에 대한 영향은 ‘사용상의 주의사항 12. 전문가를 위한 정보 2) 임상시험 
정보’항을 참고한다. [용법·용량] 이 약의 권장 용량은 1회 1정, 1일 2회이다. 이 약의 용량은 각 성분의 1일 최대 권장 용량인 엠파글리플로진 25mg과 메트포르민 2000mg을 넘지 않는 범위에서 각 환자의 현재 치료요법, 유효성, 내약성을 고려하여 결정한다. ·메트포르민 단독 또는 인슐린 등 다른 약물과의 병용요법으로 
충분한 혈당조절을 할 수 없는 환자가 이 약을 복용하는 경우 권장 용량은 엠파글리플로진 5mg 1일 2회 (1일 총량 10mg)과 메트포르민 기존 복용량이다. 엠파글리플로진 10mg (1일 총량)에 대한 내약성이 우수하면서 추가적인 혈당조절이 필요한 경우, 엠파글리플로진 25mg (1일 총량)으로 증량할 수 있다. ·엠파글리플로진(1
일 총량 10mg 또는 25mg)과 메트포르민의 병용요법에서 이 약으로 전환하는 환자는 엠파글리플로진의 기존 복용량과 메트포르민의 기존 복용량으로 투여한다. 이 약과 설포닐우레아 또는 인슐린을 병용투여시에는 저혈당 발생의 위험을 감소시키기위해 설포닐우레아 또는 인슐린의 용량감소를 고려할 수 있다 (사용상의 주의사항 
4. 이상반응 및 6. 상호작용 참고). 이 약은 메트포르민과 관련한 위장관계 부작용을 줄이기 위하여 식사와 함께 복용하여야 한다. 이 약의 복용을 잊었을 때에는 생각나는 즉시 복용한다. 그러나, 한 번에 두 배의 용량을 복용해서는 안 되며, 이러한 경우에는 잊은 복용분은 건너뛴다. [사용상의 주의사항] 1. 경고 메트포르민염산염 
①심한 유산산증(Lactic acidosis)을 일으킬 수 있다. 유산산증으로 인한 사망사례가 보고된 바 있다. ②인슐린, 설포닐우레아계 등 다른 당뇨병용제와 병용투여하는 경우, 드물게 중증의 저혈당증을 일으킬 수 있으므로 주의한다. 2. 다음 환자에는 투여하지 말 것 ①이 약의 주성분인 엠파글리플로진 및/또는 메트포르민 또는 이 
약의 구성성분에 과민반응이 있는 환자 ② 중등도(stage3b) 및 중증의 신장애 환자(크레아티닌청소율 < 45 ml/min 또는 사구체여과율 < 45 ml/min/1.73m2 ) ③신기능에 영향을 줄 수 있는 급성 상태: 예를 들어, 탈수, 중증 감염, 심혈관계 허탈(쇼크), 급성 심근경색,패혈증 ④제1형 당뇨병, 유산산증, 혼수를 수반하거나 그렇지 
않은 당뇨병성 케토산증을 포함하는 급성 또는 만성 대사성 산증 환자 및 케토산증의 병력이 있는 환자 (제1형 당뇨병과 당뇨병성 케토산증은 인슐린으로 치료한다.) ⑤당뇨병성 전혼수 ⑥급성 및 불안정형 심부전 환자 ⑦방사선 요오드 조영물질을 정맥내 투여하는 검사(예: 정맥요로조영술, 정맥담관조영술, 혈관조영술,조영제를 
사용한 컴퓨터단층촬영술 등)를 받는 환자 (급성신부전을 일으킬 수 있고, 메트포르민을 투여 받는 환자에서는 유산산증과 관련이 있다. 따라서 이러한 검사가 계획된 환자 중 사구체여과율 > 60 ml/min/1.73m2 인 경우는 적어도 검사 시점 또는 사전에 이 약의 투여를 중단해야 하고, 48시간 이내에는 재투여가 불가능하다. 신기능 
재평가 후 추가 손상 위험이 없을 것으로 판명된 이후에만 치료를 재개한다. 중등도 신장애 환자의 경우(사구체여과율 45-60 ml/min/1.73m2 )인 이 약은 요오드화 조영제 투여 48시간 전 반드시 중단되어야 하며 48시간 이내에는 재투여가 불가능하다. 신기능 재평가 후 추가 손상 위험이 없을 것으로 판명된 이후에만 재개한다.) 
⑧중증 감염증 또는 중증의 외상성 전신장애 환자에서는 이 약의 치료는 일시적으로 중지되어야 하고 환자의 경구적 섭취가 회복되고 신기능이 정상으로 판명될 때 치료를 다시 시작해야 한다. ⑨수술 과정의 경우에(음식과 수액의 섭취에 제한이 없는 가벼운 수술은 제외) 이 약은 수술 48시간 전에 일시적으로 중지되어야 하고, 
최소 48시간이 지난 후 신기능이 정상이라고 판명된 후에 치료를 다시 시작해야 한다. ⑩영양불량상태, 기아상태, 쇠약상태, 뇌하수체기능부전 또는 부신기능부전환자 ⑪간기능장애(손상된 간 기능은 유산산증의 몇몇 경우와 관련이 있기 때문에, 일반적으로 임상적 또는 실험실적으로 간 질환의 증거가 있는 환자에게는 이 약의 
투여를 피해야 한다.),폐경색, 중증의 폐기능장애 환자 및 기타 저산소혈증을 수반하기 쉬운 상태, 과도한 알코올 섭취자, 탈수증, 설사, 구토 등의 위장장애환자 ⑫임부, 임신하고 있을 가능성이 있는 여성, 수유부 ⑬조직 저산소증을 유발할 수 있는 다음의 질환 (특히 급성 질환 또는 만성 질환의 악화): 비대상성심부전, 호흡기부전, 
최근의 심근경색, 쇼크 [저장방법] 기밀용기, 실온(1-30℃) 보관 [수입자] 한국베링거인겔하임(주), 한국 (서울 중구 통일로 10 연세재단세브란스빌딩 16층) ※보다 자세한 사항은 제품설명서 전문을 참고하시기 바랍니다.

심혈관계 질환을 동반한

HCP 대상으로 제작된 홍보물이며 가공 또는 복사 및 배포를 금지합니다.


