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❖ DISCLAIMER 

❖ This presentation is intended for educational purpose for HCPs only. It may contain new science 
data which is currently not in approved package insert information and is not intended for off-label 
promotion. 



Hypertension emergencies 

❖ Severe hypertension (grade 3: 
180/110 mmHg) is associated with 
acute symptomatic HMOD  

❖ Hypertension emergencies, can 
be life-threatening and require 
immediate intervention to lower 
BP, usually with IV therapy 

Heart
CHF, MI, angina

CNS
HT encephalopathy
ICH
Cerebral infarction

Kidney
Acute kidney injury
Acute glomerulonephritis
RAS

Vessels
Aortic dissection
Aortic aneurysm
Eclampsia

Retina hemorrhage
Papilledema 

Mancia G, et al. J Hypertens. 2023; 41(12):1874-2071. 



Malignant hypertension with thrombotic 
microangiopathy and persistent acute kidney injury

❖ Severe BP elevation with hemolysis and thrombocytopenia in the absence of other 
causes and improvement with BP-lowering therapy

Mucoid change with intimal 
proliferation

RBC and fragments within 
lumen Extensive corrugation of GBM

Nzerue C, et al. Clin Kidney J. 2014 Dec;7(6):586-9.



Keith-Wagener-Barker Classification

❖ Grade 1  

❖ Mild narrowing of the arterioles 

❖  “Copper Wire” 

❖ Grade 2  

❖ Moderate narrowing -Copper wire and AV nicking 

❖ Associated with long standing essential hypertension



Keith-Wagener-Barker Classification

❖ Grade 3  
❖ Severe hemorrhage, cotton wool spots, hard exudates

Accelerated 
hypertension



Keith-Wagener-Barker Classification

❖ Grade 4: Grade 3 + Papilledema

Grade 3 and 4 highly 
correlated with progression 
to end organ damage and 

decreased survival

Malignant 
hypertension



Renal Autoregulation

❖ Renal Autoregulation.  

❖ Relationship of systemic 
to glomerular pressure in 
the setting of normal or 
abnormal renal 
autoregulation.

Comprehensive Clinical Nephrology (Johnson) 7 ed (2023)



Hypertensive emergencies requiring immediate BP 
lowering with i.v. drug therapy

Mancia G, et al. J Hypertens. 2023; 41(12):1874-2071. 



Thrombotic Microangiopathy (TMA)
Complement activation ultimately results in thrombus formation, platelet consumption, 

vascular occlusion and mechanical hemolysis

Brocklebank V, et al. Clin J Am Soc Nephrol. 2018; 13(2):300-317. 



What is Thrombotic Microangiopathy (TMA) ?

T hrombotic
Clots form in the small blood vessels, such as the capillaries and 
arteriolesM icro
Angiopathy is a disease of the blood vessels, evident if vessel 
lesions are in histologic sectionsA ngiopathy

The diffuse and systemic nature of TMA has the potential to affect the microvasculature  
of many organ systems, causing ischemia and eventual organ failure

Clot comprising various blood cells and proteins within the 
vasculature

1. Pendleton RC, Rodgers GM. Thrombosis and antithrombotic therapy. In: Greer JP, et al, eds. Wintrobe’s Clinical Hematology. 13th ed. Philadelphia, PA: Lippincott Williams 
& Wilkins; 2014:1218-1257. 2. Campistol JM, et al. Nefrologia. 2015;35(5):421-447.



TMA 
induced 
organ 

dysfunction

Fox LC, et al. Nephrology (Carlton). 2018; 23(6):507-517. 



A diagnostic 
algorithm for 

patient presenting 
with TMA

Fakhouri F, et al. Nat Rev Nephrol. 2021; 17(8):543-553. 



Thrombotic thrombocytopenic purpura 

Moake JL. Thrombotic microangiopathies.  N Engl J Med 2002; 347:589.

Idiopathic TTP

❖ Microvascular thrombosis  

❖ MAHA 

❖ Thrombocytopenia 

❖ Purpura and no severe bleeding 

❖ Fever 

❖ Acute kidney injury 

❖ Neurologic abnormalities 

❖ Low ADAMTS-13 activity <10% 



A diagnostic 
algorithm for 

patient presenting 
with TMA

Fakhouri F, et al. Nat Rev Nephrol. 2021; 17(8):543-553. 



Incidence of TMA in patients with malignant 
hypertension according to hypertension etiology

Juárez G, et al. Kidney Int. 2025: S0085-2538(25)00879-8. 



TMA in patients with malignant hypertension

Cavero T,  et al. Nephrol Dial Transplant. 2023 May 4;38(5):1217-1226. 

92%



Fakhouri F,  et al. Blood. 2023 Mar 2;141(9):984-995.



Initiating eculizumab within 7 days of a TMA 
significantly improved eGFR vs delayed initiation

❖ In a pooled prospective analysis of four Phase 2 studies (N=97)

vs

Proportion of patients with increased 
eGFR ≥15 mL/min/1.73 m2 at 12 months 

81% 
Earlier treatment 

≤7 days*

47% 
Later treatment 

>7 days*

Vande Walle J, et al. J Nephrol. 2017;30:127-134.

Mean eGFR change from baseline at 1 year was significantly higher 
in patients treated in <7 days than >7 days 

(57 vs. 23 ml/min/1.73 m2, p= 0.0098).



Atypical HUS

Incidence 0.23-1.9:1,000,0001

Thrombocytopenia + MAHA +  
End Organ Damage 

ADAMTS-13 ≥ 10%

Treatment options 
Plasma Therapy: PE/PI 
➢ Traditional supportive 

treatment 
➢ Risk of fluid and electrolyte 

imbalance

Specific Treatment: Eculizumab4-7

✓ Inhibits C5 specifically
✓ Rapid hematological response followed by normalization
✓ Improvement or stabilization of renal function
✓ Prevention of TMA recurrence and improved renal outcomes

Legendre CM, et al. N Engl J Med. 2013;368:2169-2181. Licht C, et al. Kidney Int. 2015;87(5):1061-1073. 
Fakhouri F, et al. Am J Kidney Dis. 2016;68(1):84-93. Greenbaum LA, et al. Kidney Int. 2016;89(3):701-711.



Diagnostic and 
therapeutic algorithm 
for patients with 
severe hypertension 
and AKI

Juárez G, et al. Kidney Int. 2025: S0085-2538(25)00879-8. 



Spectrum of kidney involvement in systemic 
sclerosis

Chrabaszcz M, et al. Kidney Blood Press Res. 2020;45(4):532-548.



Cole A, et al. Clin Rev Allergy Immunol. 2023; 64(3):378-391. 

Proposed 
pathogenesis 
of SRC



UKSSG Diagnostic criteria for SRC 2016

Cole A, et al. Clin Rev Allergy Immunol. 2023; 64(3):378-391. 



Kidney biopsy findings in scleroderma renal crisis

Scheen M, et al. Autoimmun Rev. 2023; 22(6):103330. 

Onion skin 
proliferation within 

the walls of 
intrarenal arteries 

and arterioles, 
fibrinoid necrosis, 

glomerular 
shrinkage



Cole A, et al. Clin Rev Allergy Immunol. 2023; 64(3):378-391. 
ACEI: captopril



Chrabaszcz M, et al. Kidney Blood Press Res. 2020;45(4):532-548.



EULAR recommendations for the treatment of systemic 
sclerosis: 2023 update

ACE inhibitors should be 
used immediately at 

diagnosis of scleroderma 
renal crisis 

Del Galdo F, et al. Ann Rheum Dis. 2025; 84(1):29-40.

SSc patients treated with 
glucocorticoids should 

have regular monitoring of 
blood pressure to detect 
scleroderma renal crisis



Odds ratio (OR) and hazard ratio (HR) in cohort studies analysing independent 
risk factors for development of SRC

Anti-RNA polymerase III 
antibody

CKD

Proteinuria

Hypertension

Large joint 
contracture

Cole A, et al. Clin Rev Allergy Immunol. 2023; 64(3):378-391. 



Chrabaszcz M, et al. Kidney Blood Press Res. 2020;45(4):532-548.

Anti-RNA polymerase III 
antibody



High risk and diagnosis of preeclampsia

Gestational Hypertension and Preeclampsia: ACOG Practice Bulletin, Obstet Gynecol. 2020; 135(6):e237-e260.



Diagnostic Criteria for Preeclampsia

Ives CW, et al. J Am Coll Cardiol. 2020; 76(14):1690-1702.

Hypertension (>140/90 mmHg at 
lease 2 occasion or >160/110) and 

proteinuria (>300 mg/day)

Severe organ damage



Pathogenesis of Preeclampsia

Ives CW, et al. J Am Coll Cardiol. 2020; 76(14):1690-1702.



Role of sFlt1 (soluble fms-like tyrosine kinase 1) and PlGF 
(placental growth factor) in preeclampsia development

❖ In pregnant women, sFlt-1 
binds and inhibits VEGF 
(vascular endothelial growth 
factor) and PlGF in the 
circulation.  

❖ A high sFlt-1/PlGF ratio, 
therefore, potentially results in 
endothelial dysfunction and 
development of preeclampsia

Stepan H, et al. Hypertension. 2020; 75(4):918-926.

Abundant sFlt1 bind  
PlGF: growth factors 
cannot occupy FLT-1 
on the cell surface



Angiogenic markers used in the prediction and diagnosis 
of preeclampsia

Wiles K, et al. Clin J Am Soc Nephrol. 2020; 15(9):1371-1380.



Pregnancy-related AKI depending on their predominant 
timing of occurrence during pregnancy

Clin J Am Soc Nephrol 7: 2100–2106, 2012.



Phenotype between normal pregnancy, preeclampsia/
HELLP, and kidney disease presenting in pregnancy

Wiles K, et al. Clin J Am Soc Nephrol. 2020; 15(9):1371-1380.



Hypertensive emergencies requiring immediate BP 
lowering with i.v. drug therapy

Mancia G, et al. J Hypertens. 2023; 41(12):1874-2071. 



Recommendations for acutely managing BP in patients 
with severe hypertension in pregnancy and pre-eclampsia

❖ Magnesium sulfate 4 g i.v. over 5 
min, then 1 g/h i.v.; or 5 g i.m. into 
each buttock, then 5 g i.m. every 4 
h 

❖ Recommended for eclampsia 
treatment and pre-eclampsia 
who have severe hypertension 
and proteinuria or 
hypertension and neurological 
symptoms or signs 

❖ A risk of hypotension when 
magnesium is given 
concomitantly with nifedipine.

McEvoy JW, et al. Eur Heart J. 2024; 45(38):3912-4018. 



Recommendations for managing hypertension in 
pregnancy

McEvoy JW, et al. Eur Heart J. 2024; 45(38):3912-4018. 



Recommendations for managing hypertension in 
pregnancy

McEvoy JW, et al. Eur Heart J. 2024; 45(38):3912-4018. 

A meta-analysis suggests that beta- 
blockers and CCBs are more 
effective than methyldopa in 

preventing severe hypertension

 Methyldopa has been associated 
with an increased risk of post-

partum depression and 
caution is therefore advised both 

intra-partum and post-partum



Recommended Pharmacotherapy for the 
Treatment of Nonsevere and Severe 
Antepartum Hypertension

Countouris M, et al. Circulation. 2025; 151(7):490-507. 



Recommended Pharmacotherapy for the Treatment 
of Nonsevere and Severe Antepartum Hypertension

Countouris M, et al. Circulation. 2025; 151(7):490-507. 



Interventions to Reduce Preeclampsia

Ives CW, et al. J Am Coll Cardiol. 2020; 76(14):1690-1702.
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Medications in lactation

Reynolds ML, et al. Adv Chronic Kidney Dis. 2020; 27(6):461-468.



Immunosuppression Medications in 
Pregnancy

Reynolds ML, et al. Adv Chronic Kidney Dis. 2020; 27(6):461-468.



Consensus definitions for sepsis and septic shock 
(Sepsis-3)

Singer, M. et al. JAMA. 2016: 315, 801–810.



Consensus definitions for sepsis and septic shock 
(Sepsis-3)

Singer, M. et al. JAMA. 2016: 315, 801–810.SOFA score (Sequential Organ Failure Assessment)



Sepsis-associated AKI: consensus report of the 28th 
ADQI workgroup

Zarbock A, et al. Nat Rev Nephrol. 2023; 19(6):401-417.

Definition = Sepsis-3 criteria + AKI criteria KDIGO



Proposed New Definition of Acute Kidney Injury 

Ostermann M, et al.  JAMA Netw Open. 2020; 3(10):e2019209.



Markers and characteristics of kidney disease 

Kellum JA, et al. Nat Rev Nephrol. 2021; 17(7):493-502. 



Markers and characteristics of kidney disease 

Kellum JA, et al. Nat Rev Nephrol. 2021; 17(7):493-502. 



Markers and characteristics of kidney disease 

Kellum JA, et al. Nat Rev Nephrol. 2021; 17(7):493-502. 



Biomarkers associated with AKI

❖ Consensus statement 1a 
❖ We propose that sepsis-associated acute kidney injury (SA-AKI) be characterized by 

the presence of both consensus sepsis criteria (as defined by Sepsis-3 
recommendations) and AKI criteria (as defined by Kidney Disease: Improving Global 
Outcomes recommendations) when AKI occurs within 7 days from diagnosis of sepsis 
(not graded).

Zarbock A, et al. Nat Rev Nephrol. 2023; 19(6):401-417.Kidney tubular epithelial cells



Urinalysis scoring systems

Poston TJ, et al. BMJ 2019: 364: K4891.

Urinalysis score above 3 was predictive 
of severe AKI and was highly correlated 

with biomarkers of tubular injury 



Zarbock A, et al. Nephrol Dial Transplant. 2024 ;39(1):26-35.

Flow chart of the diagnostic and 
treatment algorithm

Optimization of the volume and 
hemodynamic status

Avoidanced of venous congestion



Zarbock A, et al. Nephrol Dial Transplant. 2024 ;39(1):26-35.

Optimization of the volume and 
haemodynamic status

Balanced crystalloid solutions are the 
first choice for fluid replacement and are 

preferred over chloride-rich solutions 
and synthetic colloids



Lobo DN, et al. Kidney Int. 2014; 86(6):1096-105. 

Sequential effects 
of hyperchloremia 

on the kidney 



Lobo DN, et al. Kidney Int. 2014; 86(6):1096-105. 

Sequential effects of hyperchloremia on the 
kidney 



Zarbock A, et al. Nephrol Dial Transplant. 2024 ;39(1):26-35.

Optimization of the volume and 
haemodynamic status

Norepinephrine and vasopressin remain 
first-line agents for the treatment of 

septic shock.



High versus low BP target in patients with septic 
shock

❖ In a multicenter, open-label trial, we randomly 
assigned 776 patients with septic shock to 
undergo resuscitation with a mean arterial 
pressure target of either 80 to 85 mm Hg (high-
target group) or 65 to 70 mm Hg (low-target 
group). The primary end point was mortality at 
day 28.

Asfar P, et al. N Engl J Med. 2014; 370(17):1583-93. 

Targeting a MAP of 80 to 85 mmHg, as 
compared with 65 to 70 mmHg, in patients 

with septic shock undergoing resuscitation 
did not result in significant differences in 

mortality at either 28 or 90 days.



High versus low BP target in patients with septic 
shock

Among patients with chronic hypertension, those in the high-target group required 
less renal-replacement therapy than did those in the low-target group

Asfar P, et al. N Engl J Med. 2014; 370(17):1583-93. 



Initiation Strategies for Renal-Replacement Therapy 
in the Intensive Care Unit

Gaudry S, et al. Lancet. 2020; 395(10235):1506-1515.

The timing of RRT 
initiation does not 
affect survival in 

critically ill patients with 
severe AKI in the 

absence of urgent 
indications for RRT.



Indications for dialysis

❖ A Refractory Acidosis 

❖ E Refractory hyperkalemia 

❖ I       Intoxication : methanol, ethylene glycol, lithium 

❖ O Refractory volume Overload 

❖ U Uremia : uremic pericarditis, encephalopathy 

❖ OR     BUN>100, Cr>10 in non-hypaercatabolic state 

❖    BUN>70,Cr >7 in hypercatabolic state



Initiation Strategies for Renal-Replacement Therapy 
in the Intensive Care Unit

❖ More-delayed strategy: RRT initiation was postponed until mandatory indication 
(hyperkalemia or metabolic acidosis or pulmonary edema) or until BUN to 140 mg/dL

Gaudry S, et al. Lancet. 2021; 397(10281):1293-1300.

Severe AKI patients with oliguria > 72 h or BUN > 112 mg/dL would mandate 
immediate RRT.



Controversies in AKI: KDIGO Conference

❖ The 2012 KDIGO AKI guideline suggested initiating RRT emergently in the presence of 
life-threatening changes in fluid, electrolyte, and acid–base balance. 

❖ Optimal timing for short-term KST remains unknown 

❖ KST initiation should be considered when metabolic and fluid demands exceed the 
kidney’s capacity 

❖ Risk of complications, global prognosis, potential for recovery, and patient preferences 
should be considered when taking the decision

Ostermann M, et al. Kidney Int. 2020;98(2):294-309. 



Wald R, et al.. Intensive Care Med. 2022; 48(10):1368-1381.

A proposed algorithm 
for the initiation of 
renal replacement 

therapy



Wald R, et al.. Intensive Care Med. 2022; 48(10):1368-1381.



Continuous Renal Replacement Therapy

❖ Potential setting in AKI 

❖ Using CRRT > standard intermittent RRT, for 
hemodynamically unstable patients. (2B) 

❖ Using CRRT > intermittent RRT, for AKI patients with 
acute brain injury or other causes of increased 
intracranial pressure or generalized brain edema. (2B) 

KDIGO. Kidney Int Supplements. 2012: 2: 8–12.



Continuous Renal Replacement Therapy (+/IV)

❖ ผู้ที่ยังมีความดันโลหิตต่ำแม้จะได้รับยากระตุ้นความดันโลหิตในขนาดสูง และจำเป็น
ต้องได้รับการบำบัดทดแทนไตควรได้รับการพิจารณาว่าน่าจะได้ประโยชน์จากวิธีการ
บำบัดทดแทนไตชนิดต่อเนื่อง (CRRT) 
❖ Dopamine> 15 ug/kg/min or 
❖ Epinephrine or norepinephrine > 0.1 ug/kg/min



CRRT or SLED (+/IV)

❖ ภาวะสมองบวมหรือมีความเสี่ยงที่จะเกิดภาวะสมองบวม เช่น ภาวะตับวายเฉียบพลัน เส้นเลือดในสมองอุดตัน
เฉียบพลัน สมองขาดออกซิเจน เนื่องจากหัวใจหยุดเต้น (Hypoxic ischemic encephalopathy) 

❖ ความผิดปกติทางเมตาบอลิกที่ยังเกิดต่อเนื่องที่ไม่สามารถแก้ไขได้ด้วยวิธีการฟอกเลือดชนิดชั่วคราว ได้แก่ 
ภาวะเลือดเป็นกรดอย่างรุนแรง ภาวะโพแทสเซียมในเลือดสูง 

❖ ปริมาณสารน้ำในร่างกายเกินที่ไม่สามารถขจัดออกด้วยการใช้ยา หรือวิธีการฟอกเลือดชนิดชั่วคราว โดย
เฉพาะในผู้ป่วยที่มีส่วนเกินมากกว่าร้อยละ 10 ของน้ำหนักเดิม 

❖ มีความจำเป็นที่จะต้องควบคุมปริมาณน้ำและสมดุลกรดด่างรวมถึงเกลือแร่ในเลือดอย่างต่อเนื่อง
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