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Acute 1schemic stroke & HTN
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Acute i1schemic stroke

Treatment of hypertension in acute ischemic stroke is dependent on the following conditions:
1) Treatment with IV thrombolysis

2) Treatment with endovascular thrombectomy with successful reperfusion,
3) Patients who are not treated with thrombolytic therapy with SBP >220 or DBP>120 mmHg
4). Patients who are not treated with thrombolytic therapy with SBP <220 or DBP<120 mm Hg

5) Comorbid conditions requiring treatment (eg, concomitant acute coronary event, acute
HF, aortic dissection, post fibrinolysis symptomatic ICH, or preeclampsia/eclampsia).



Treatment with 1V thrombolysis & endovascular thrombectomy

Options to treat hypertension before and during reperfusion therapy for acute ischemic stroke

Patient otherwise eligible for acute reperfusion therapy except that blood pressure is >185/110 mmHg*
Labetalol 10 to 20 mg intravenously over 1 to 2 minutes, may repeat one time; or
Nicardipjne 5 mg/hour intravenously, titrate up by 2.5 mg/hour every 5 to 15 minutes, maximum 15 mg/hour; when desired blood pressure reached, adjust to maintain proper blood pressure limits; or
Clevidipine 1 to 2 mg/hour intravenously, titrate by doubling the dose every 2 to 5 minutes, maximum 21 mg/hour, until desired blood pressure reached¥; or
Other agents (hydralazine, enalaprilat, etc) may also be considered
If blood pressure is not maintained at or below 185/110 mmHg, do not administer alteplase
Management to maintain blood pressure at or below 180/105 mmHg during and after acute reperfusion therapy*
Monitor blood pressure every 15 minutes for 2 hours from the start of rtPA therapy, then every 30 minutes for & hours, and then every hour for 16 hours
If systolic blood pressure is >180 to 230 mmHg or diastolic is =105 to 120 mmHg:
Labetalol 10 mg intravenously followed by continuous infusion 2 to 8 mg/min; or
Nicardipine 5 mg/hour intravenously, titrate up to desired effect by 2.5 mg/hour every 5 to 15 minutes, maximum 15 mg/hour; or
Clevidipine 1 to 2 mg/hour intravenously, titrate by doubling the dose every 2 to 5 minutes, maximum 21 mg/hour, until desired blood pressure reached
If blood pressure is not controlled or diastolic blood pressure =140 mmHg, consider intravenous sodium nitroprusside
* Different treatment options may be appropriate in patients who have comorbid conditions that may benefit from acute reductions in blood pressure,

such as acute coronary event, acute heart failure, aortic dissection, or preeclampsia/eclampsia.
9 Clevidipine has been included as part of the 2018 guidelines for the early management of patients with acute ischemic strokel'l.



Patients with SBP <220 mm Hg or DBP <120 mm Hg

For patients with ischemic stroke who are not treated with thrombolytic therapy, and do not
have comorbid condition , blood pressure should not be treated acutely unless the
hypertension is extreme ( > 220/120 mmHg) and initiation treatment of HTN within 48 to
72 hr after acute ischemic stroke is not effective to prevent death and disability



Pathophysiology of HTN in Acute Stroke

when ICP > CVP : CPP=MAP-ICP

There are four causes of increased ICP following ischemic stroke:
(1) brain swelling due to cytotoxic or vasogenic edema

(2) increased cerebral blood volume due to dilated cerebral arteries;
(3) obstruction of venous outflow

(4) acute hydrocephalus

The arterial blood pressure is usually elevated in patients with an acute stroke. This may be
due to chronic hypertension, an acute sympathetic response, or other stroke-mediated mechanisms.

In many cases, however, the acutely elevated blood pressure is necessary to maintain brain perfusion
In borderline ischemic areas.



Patients who are not treated with thrombolytic therapy with BP>220/120 mmHg

For patients with ischemic stroke who are not treated with thrombolytic therapy, blood pressure
should not be treated acutely unless the hypertension is extreme (systolic blood pressure >220
mmHg or diastolic blood pressure >120 mmHg). When treatment is indicated, cautious lowering
of blood pressure by approximately 15 percent during the first 24 hours after stroke onset is

suggested.



When we can reach to goal BP after Acute Ischemic Stroke

When patient is neurologically stable ( 24 to 48 hours after stroke onset for most
hospitalized) can reach to goal BP ( 140/90 mmHg) gradually within a few days to a week

Patients with extracranial or intracranial large artery stenoses may require a slower
reduction in blood pressure (eg, over 7 to 14 days after ischemic stroke), as some degree of
blood pressure elevation may be necessary to maintain cerebral blood flow to ischemic
brain regions.

For this reason, we suggest not restarting antihypertensive agents until after vascular
Imaging is completed and a symptomatic large artery stenosis is excluded.
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Choice of antihypertensive agent

» Consensus guidelines suggest intravenous labetalol, nicardipine, and clevidipine as first-line
antihypertensive agents if pharmacologic therapy is necessary in the acute phase, since they allow
rapid and safe titration to the goal blood pressure.

* Intravenous nitroprusside & TNG should be considered second-line therapy since it carries added
theoretical risks of increasing intracranial pressure ( ICP) or affecting platelet function.

« Medications likely to cause a prolonged or precipitous decline in blood pressure (eg, rapid-acting
formulations of nifedipine) should be avoided. In addition, their use is associated with an
Increased risk of stroke, particularly in older adult patients



Acute i1schemic stroke

Treatment of hypertension in acute ischemic stroke is dependent on the following conditions:
1) Treatment with IV thrombolysis

2) Treatment with endovascular thrombectomy with successful reperfusion,
3) Patients who are not treated with thrombolytic therapy with SBP >220 or DBP>120 mmHg
4). Patients who are not treated with thrombolytic therapy with SBP <220 or DBP<120 mm Hg

5) Comorbid conditions requiring treatment (eg, concomitant acute coronary event, acute
HF, aortic dissection, post fibrinolysis symptomatic ICH, or preeclampsia/eclampsia).



5.3.9.2. Acute Ischemic Stroke

Recommendations for Acute Ischemic Stroke
References that support recommendations are summarized Iin the

Evidence Table.

. In patients with acute ischemic stroke, hypotension
and hypovolemia should be corrected to maintain
systemic perfusion levels necessary to support
organ function.#

2. Patients wha have elevated BP and are otherwise
eligible for treatment with IV thrombolytics should
have their BP lowered to SBP <185 mm Hg and
DBP <110 mm Hg before IV thrombolytic therapy
is inifiated and should be maintained below
1804105 mm Hg for at least the first 24 hours
after initiating thrombolytic therapy to avoid
complications.*®

3. In patients who undergo endovascular treatment,
it is reasonable to maintain the BP at £180/106
mm Hg during and for 24 hours after the
procedure to improve long-term functional
outcomes and prevent death ™

4. In patients with BP of 2220/120 mm Hg who
did not receive IV thrombalytic or endovascular
treatment and have no comorbid conditions
requiring acute antinypertensive treatment, it might
be reasonable to lower BP by 15% during the first
24 hours after onset of stroke to improve
outcomes®?




Recommendations for Acute Ischemic Stroke (Continued)

3: Harm

A

B.

In patients with BP <220/120 mm Hg who do not
receive [V thrombolysis or endovascular treatment
and do not have a comorbid condition requiring
urgent antihypertensive treatment, initiating or
reinibiating treatment of hypertension within the
first 48 to V2 hours after an acute ischemic stroke
is not effective to prevent death or disability.®'

In patients undergoing successful brain reperfu-
sion with endovascular treatment for a large vessel
occlusion, lowering SBP <140 mm Hg within the
first 24 to 72 hours after reperfusion can worsen
long-term functional outcome. ' 14




Acute hemorrhagic stroke & HTN



Dlan 23l (oo (5 Gl jlan 3 ala 38 53 SO seh (5 e A8 (el b Al 68 U1 ley
Ja 5o Jlen (Tl aiBle ol 1) a5 e G ¢ B ¢ W 58 L 48l PMH L2

Gl )z b4 pals
BP = 180/100 mmHg, HR=105/min, RR=20/min T=37

P Dlaw Osa L3 J IS () g (e )2 ol



Acute hemorrhagic stroke & HTN

» Elevated blood pressure is common in patients with acute ICH. Patients may develop elevated
blood pressure due to an increase in intracranial pressure (ICP) and pain from the mass effect of the
hemorrhage. Additionally, many patients with acute ICH have high blood pressure due to comorbid
baseline hypertension.

 Uncontrolled elevations in blood pressure and blood pressure variability are risk factors for
hemorrhagic expansion , neurological worsening, poor outcome and death.



Patients with SBP 150- 220 mm Hg

For patients with acute ICH who present with systolic blood pressure (SBP) between 150
and 220 mmHg, we suggest lowering of SBP to a target of 140 mmHg, ideally within the
first one hour of presentation, provided the patient remains clinically stable. This degree of
blood pressure reduction appears safe in most patients and may improve functional
outcome.



Patients with SBP > 220 mm Hg

For patients with acute ICH who present with SBP >220 mmHg, we suggest rapid lowering of SBP to
<220 mmHg. Thereafter, the blood pressure is gradually reduced (over a period of hours) to a target
range of 140 to 160 mmHg, provided the patient remains clinically stable.

Patients who deteriorate clinically during this period may require reduction of acute antihypertensive
therapy. Blood pressure is monitored every five minutes and patients are monitored at least hourly to

assess for neurologic deterioration.

The optimal blood pressure goal is uncertain, but an SBP of 140 to 160 mmHg is a reasonable target

for patients who remain clinically stable.



Choice of antihypertensive agent

 For most patients with an initial SBP >160 mmHg, we prefer nicardipine for initial
treatment because it is fast-acting and can be quickly titrated.

For most patients with an initial SBP <160 mmHg, we start with labetalol for its ease of
administration and long duration of effect.

Several intravenous medications may be used to control blood pressure in this setting

Including nicardipine, labetalol, clevidipine, esmolol, and enalaprilat .

Nitroprusside and nitroglycerin are typically avoided because they may increase ICP



5.3.9.1. Acute Intracerebral Hemorrhage

Recommendations for Acute Intracerebral Hemorrhage

For adult patients with acute spontaneous intra-
cerebral hemorrhage (ICH) who present with SBP
between 150 and 220 mm Hg, it can be beneficial
to immediately lower SBF to 130 to <140 mm Hg
for at least 7 days after ICH to improve functional
outcomes but stop antihypertensive medications if
SBP <130 mm Hg."*

2. |n adults with acute spontanecus ICH requir-
ing acute BP lowering, careful titration to ensure
smooth, nonlabile, and sustained control of BR
avoiding peaks and large variability in SBP, can be
beneficial for improving functional outcomes™

3. For adult patients with acute spontanecus ICH who
presant with SBP =220 mm Hyg, SBP should not be
lowered below 130 mm Hg to reduce adverse events® )




Drug

Vasodilators

Clevidipine

Enalaprilat

Fenoldopam

Hydralazine

Micardipine

Nitroglycerin (glyceryl trinitrate)

Nitroprusside

Dose range

Initially 1 to 2 mg/hour as IV infusion with rapid
titration.

Most patients respond to 4 to 6 mg/hour and are
treated with maximum doses of 21 mg/hour or less.

NOTE: Delivered in lipid emulsion. 1000 mL maximum
per 24 hours (equivalent to 21 mg/hour) due to lipid
load.

1.25to 5 mg every & hours IV

Initially 0.1 mcgfkg per minute® as IV infusion titrated
to a maximum of 1.6 mcg/kg per minute

10to 20 mg IV

10 to 20 mg IM (40 mg maximum per labeling)

5 to 15 mg/hour as IV infusion.

Some patients may require up to 30 mg/hour.

5to 100 mcg/minute as IV infusion

0.25 to 10 mcg/kg per minute as IV infusion.

To minimize risk of cyanide toxicity, infusion duration
should be as short as possible and generally not
exceed 2 mog/kg per minute. Use of maximal dose (ie,
8 to 10 mcg/kg per minute) should not exceed 10
minutes.

Patients who receive higher doses (ie, »500 mcg/kg at
a rate exceeding 2 mcg/kg per minute) should receive
sodium thiosulfate infusion to avoid cyanide toxicity.

2to4

15to 30

5tol10

10to 201V

2010 301IM

5to15

2to5

05to1

Onset of action (minutes) Duration of action (minutes)

5to15

Approximately 6 to =12 hours

30to 60

1to 24 hours IV

4 to 6 hours IM

approximately 1.5 to =4 hours

5to 10

1to 10

Adverse effects”

Atrial fiprillation, nausea, lipid formulation contains
potential allergens (eg, soy, egg)

Precipitous fall in pressure in high-renin states;
variable response, headache, dizziness

Tachycardia, headache, nausea, flushing

Sudden precipitous drop in blood pressure,
tachycardia, flushing, headache, vomiting,
aggravation of angina

Tachycardia, headache, dizziness, nausea, flushing,
local phlebitis, edema

Hypoxemia, tachycardia (reflex sympathetic
activation), headache, vomiting, flushing,
methemoglobinemia, tolerance with prolonged use

Elevated intracranial pressure, decreased cerebral
blood flow, reduced coronary blood flow in CAD,
cyanide and thiocyanate toxicity, nausea, vomiting,
muscle spasm, flushing, sweating

Role*

Hypertensive emergencies including postoperative
hypertension.

Acute left ventricular failure.

Due to slow onset and long duration of effect, rarely
used.

Avoid use in AMI, kidney function impairment, or
pregnancy.

Most hypertensive emergencies.

Use caution or avoid with glaucoma or increased
intracranial pressure.

In general, hydralazine should be avoided due to its
prolonged and unpredictable hypotensive effect.

Labetalol and nicardipine are generally preferred
choices for treatment of eclampsia.

Most hypertensive emergencies, including pregnancy
induced.

Avoid use in acute heart failure.
Caution with coronary ischemia.

Potential adjunct to other IV antinypertensive therapy
in patients with coronary ischemia {ACS) or acute
pulmonary edema.

Due to its toxicity, nitroprusside should generally be
avoided if preferred agents are available.

Nitroprusside should be avoided in patients with AMIL,
CAD, CVA, elevated intracranial pressure, kidney
function impairment, or hepatic impairment.



Adrenergic inhibitors

Esmaolol

Labetalol

Metoprolol

Phentolamine

ACS: acute coronary syndrome; AMI: acute myocardial infarction; CAD: coronary artery disease; CVA: cerebrovascular accident; IM: intramuscular

injection; IV: intravenous injection.

* The treatment of acute aortic syndromes (eq, acute aortic dissection, aortic intramural hematoma) requires specific medication management to
minimize disease extension and is presented separately. Refer to UpToDate topics discussing acute aortic syndromes and acute aortic dissection.

¥ Hypotension may occur with all agents.

A IV short-acting agents for treatment of hypertensive emergency should be administered immediately by clinicians who are trained and experienced in
their titration using continuous noninvasive electronic monitoring of blood pressure, heart rate, and cardiac rhythm. Patients should be admitted to an
intensive care unit as rapidly as possible. A combination of IV agents is often selected depending upon the acute indication. Refer to appropriate
UpToDate clinical topic for suggested combinations.

500 mcg/kg is typical loading dose given over 1
minute; then initiate IV infusion at 25 to 50 mcg/kg
per minute; titrate incrementally up to maximum of
300 mcg/kg per minute.

May consider repeating a loading dose (eq, 2500
mcg/kg) prior to each up-titration step.

Initial bolus of 20 mq IV followed by 20 to 80 mg IV
bolus every 10 minutes (maximum 300 mg)

or

0.5 to 2 mg/minute as IV loading infusion following an
initial 20 mg IV bolus (maximum 300 mg)

Initially 1.25 to 5 mg IV followed by 2.5 to 15 mg IV
every 3 to 6 hours

5to 15 mg IV bolus every 5 to 15 minutes

< Initial fenoldopam doses in range of 0.01 to 0.3 mcg/kg per minute have been described.

Tto2

S5to10

20

Tto2

10to 30

2to 4 hours

5to 8 hours

10to 30

Mausea, flushing, bronchospasm, first-degree heart
block, infusion-site pain; half-life prolonged in setting
of anemia

Nausealvomiting, paresthesias (eg, scalp tingling),
bronchospasm, dizziness, nausea, heart block

Refer to labetalol

Tachycardia, flushing, headache, nausea/vomiting

Perioperative hypertension.

Avoid use in acute decompensated heart failure.

Most hypertensive emergencies including myocardial
ischemia, hypertensive encephalopathy, pregnancy,
and postoperative hypertension.

Avoid use in acute decompensated heart failure.
Use cautiously in obstructive or reactive airway.
Myocardial ischemia, perioperative hypertension.
Avoid use in acute decompensated heart failure.

Alternative option for catecholamine excess (eq,
adrenergic crisis secondary to pheochromocytoma or
cocaine overdose).



Secondary Stroke Prevention
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5.3.9.3. Secondary Stroke Prevention

Recommendations for Secondary Siroke Prevention

References that support recommendations are summarized In the

1. In patients with hypertension who have experienced
an ischemic stroke, transient ischemic attack (TIA),
or ICH, treatment with a thiazide-type diuretic, ACE;,
or ARB is recommended for lowering BF and
reducing recurrent stroke and ICH risk.'#

2. In pabents with hypertension who have expenenced
an ischemic stroke, TIA, or ICH, an office SBFE/
DBF goal of <<130/80 mm Hg is recommended to
reduce the nisk of recurrent stroke, ICH, and other
vascular events,'#®

3. In patients with no history of hypertension who
have experienced an ischemic stroke, TIA, or
|ICH and have an average office SBP/DBP of
2130/80 mm Hg, antihypertensive medication
treatment can be beneficial to reduce the risk of
recurrent stroke, ICH, and other vascular events.>™




HTN & CKD
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HTN and CKD

 Prevalence of HTN among CKD patients: 67-92%.

« CKD Is an important risk factor for CVD.

o Coexistence of HTN and CKD further increases the risk of CVVD events.

2025 AHA high blood pressure guideline. Circulation 2025.



* Increased activity of both the renin-angiotensin aldosterone system (RAAS) and
sympathetic nervous system due to decreased GFR leads to sodium avidity and
subsequent volume expansion.

* It Is important to recognize and treat hypertension early in these patients because studies
have shown increasing difficulty in achieving BP targets in later stages of CKD.

Am J Kidney Dis. 2024; 84(3):374-387.



BP Treatment Threshold in CKD

Recommendations for BP Treatment Threshold and the Use of CVD
Risk Estimation to Guide Drug Treatment of Hypertension (Continued)

B. In adults with hypertension without clinical CVD but
with diabetes or CKD or at increased short-term
CVD risk (ie, estimated 10-year CVD risk 27.550
based on PREVENT®), initiation of medications to
lower BP is recommended when average SBP is
=130 mm Hg to reduce the risk of CVD events and
total mortality.=""

6. In adults with hypertension without clinical CVD but
with diabetes or CKD or at increased 10-year CVD
risk (ie, =7.5% based on PREVENT?), initiation of
medications to lower BP is recommended when
average DBP is 280 mm Hg to reduce the risk of

CVD events and total mortality.*'® /

2025 AHA high blood pressure guideline. Circulation 2025.



GFR and ACR categones ACR categones (mg/mmol), description and range

d nisk of adve
o r;flt:cu;mes e <3 Normal to mildly | 3—30 Moderately =30 Severely
increased increased increased

Al A2 A3

=00 Normal

and high G1

6089 Mild
reduction related
to normal range
for a young adult

G2

45-50 Mild-
moderate G3at
reduction

Increasing risk

3044
Moderate— G3b
severe reduction

15-29 Severe
reduction G4

GFR categories (ml/min/1.73 m?), description and range

<15 Kidney

failure G5

—

Increasing risk
' Consider using eGFRcystatinG for people with CKD G3aA1 (see KDIGO recommendations 1.1.14 and 1.1.15)
Abbreviations: ACR, albumin:creatinine ratio, CKD, chronic kidney disease, GFR, glomerular filtration rate
(Adapted with pemmission from Kidney Disease: Improving Global Qutcomes (KDIGO) CKD Work Group (2013) KDIGO

2012 clinical practice guideline for the evaluation and management of chronic kidney disease. Kidney International
(Suppl. 3): 1-150




Interventions that delay CKD Progression

RAAS blockers
SGLT2Is
Non Steroidal Mineral Receptor Antagonists



RAAS Inhibitors ( What’s New?)

Recommendation 3.6.1: We recommend starting renin-angiotensin-system inhibitors (RASi) (angiotensin-con-
verting enzyme inhibitor [ACEi] or angiotensin Il receptor blocker [ARB]) for people
with CKD and severely increased albuminuria (G1-G4, A3) without diabetes (1B).

Recommendation 3.6.2: We suggest starting RASi (ACEi or ARB) for people with CKD and moderately increased
albuminuria (G1-G4, A2) without diabetes (2C).

Recommendation 3.6.3: We recommend starting RASi (ACEi or ARB) for people with CKD and moderately-to-
severely increased albuminuria (G1-G4, A2 and A3) with diabetes (1B).

Recommendation 3.6.4: We recommend avoiding any combination of ACEi, ARB, and direct renin inhibitor
(DRI) therapy in people with CKD, with or without diabetes (71B).




Practice Point 3.6.1:

Practice Point 3.6.2:

Practice Point 3.6.3:

Practice Point 3.6.4:

Practice Point 3.6.5:

Practice Point 3.6.6:

Practice Point 3.6.7:

RASi (ACEi or ARB) should be administered using the highest approved dose that is tolerated to
achieve the benefits described because the proven benefits were achieved in trials using these doses.

Changes in BP, serum creatinine, and serum potassium should be checked within 2—-4 weeks of
initiation or increase in the dose of a RASi, depending on the current GFR and serum potassium.

Hyperkalemia associated with use of RASi can often be managed by measures to reduce the serum
potassium levels rather than decreasing the dose or stopping RASi.

Continue ACEi or ARB therapy unless serum creatinine rises by more than 30% within 4 weeks
following initiation of treatment or an increase in dose.

Consider reducing the dose or discontinuing ACEi or ARB in the setting of either symptomatic hy-
potension or uncontrolled hyperkalemia despite medical treatment, or to reduce uremic symptoms
while treating kidney failure (estimated glomerular filtration rate [eGFR] <15 ml/min per 1.73 m?).

Consider starting people with CKD with normal to mildly increased albuminuria (A1) on RASi (ACEi or
ARB) for specific indications (e.g., to treat hypertension or heart failure with low ejection fraction).

Continue ACEi or ARB in people with CKD even when the eGFR falls below 30 ml/min per 1.73 m’.

AHA 2025 provides the same recommendations



Non Steroidal Mineral Receptor Antagonists

Recommendation 3.8.1: We suggest a nonsteroidal mineralocorticoid receptor antagonist with proven kidney
or cardiovascular benefit for adults with T2D, an eGFR >25 ml/min per 1.73 m?, normal

serum potassium concentration, and albuminuria (>30 mg/g [>3 mg/mmol]) despite
maximum tolerated dose of RAS inhibitor (RASIi) (2A4).

Practice Point 3.8.1: Nonsteroidal MRA are most appropriate for adults with T2D who are at high risk of CKD progression

and cardiovascular events, as demonstrated by persistent albuminuria despite other standard-of-care
therapies.

Practice Point 3.8.2: A nonsteroidal MRA may be added to a RASi and an SGLT2i for treatment of T2D and CKD in adults.

Practice Point 3.8.3: To mitigate risk of hyperkalemia, select people with consistently normal serum potassium concen-
tration and monitor serum potassium regularly after initiation of a nonsteroidal MRA (Figure 26).

K* <4.8 mmol/I K*4.9-5.5 mmol/I K*>5.5 mmol/I
« Initiate finerenone « Continue finerenone 10 mg or 20 mg + Hold finerenone
- 10 mg daily if eGFR 25-59 ml/min/1.73 m? + Monitor K* every 4 months - Consider adjustments to diet or concomitant

- 20 mg daily if eGFR =60 ml/min/1.73 m?

- Monitor K* at 1 month after initiation and then every 4
months

« Increase dose to 20 mg daily, if on 10 mg daily

- Restart 10 mg daily if previously held for hyperkalemia and
K* now <5.0 mmol/I

medications to mitigate hyperkalemia
+ Recheck K*

- Consider reinitiation if/when K* <5.0 mmol/I



Practice Point 3.8.4: The choice of a nonsteroidal MRA should prioritize agents with documented kidney or
cardiovascular benefits.

Practice Point 3.8.5: A steroidal MRA may be used for treatment of heart failure, hyperaldosteronism, or refractory
hypertension, but may cause hyperkalemia or a reversible decline in glomerular filtration, particularly
among people with a low GFR.

Low evidence for HTN control with Non Steroidal Mineral Receptor Antagonists
Spironolacton / Eplerenon is preffered agnts for resistant HTN

Avoid concureent use of Sprironolacton/Eplerenon with NSMRA

KDIGO 2024 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease. KI. 2024



SGLT2 Inhibitors

(3) Interventions to Delay CKD Progression and Manage Complications

= Prescribe sodium—glucose cotransporter-2 (SGLT-2) inhibitors in adults with CKD and either of the
following:

« Type 2 diabetes and eGFR 220 mL/minute/1.73 m?

= No diabetes and eGFR 220 mL/minute/1.73 m? and ACR =200 mg/g; OR eGFR 20-45 mL/minute/1.73
m? and ACR <200 mg/g; OR heart failure (with or without proteinuria)

= Prescribe statin or statin-plus-ezetimibe combination therapy to patients who are not receiving dialysis

and are 50 or older; OR are 18 to 49 with concurrent diabetes, heart disease, prior stroke, or 10-year risk
for major adverse coronary events >10%.

COMMENT

The most relevant updates to this latest iteration of KDIGQ's CKD guidelines are to use cystatin C
routinely (when available) plus creatinine for estimating GFR and prescribing SGLT-2 inhibitors and
statins quite broadly for patients with CKD. These interventions are likely to lead to more-accurate
identification of and improved outcomes for patients with CKD.



(A) (B)

& CKD stage 1to 3 L ( CKD stage 4 and 5 (not on dialysis)
¢ eGFR 230 ml/min/1.73 m? b L eGFR <30 mI/min/1.73 m?
— 3 ) (e .

ACEi or ARB + CCB or , Diuretic?® Step 1 ACEi®< or ARB® + CCB or Loop Diuretic
o Increase to full-dose if well tolerated* ) Dual combiration 3 Increase to full-dose if well tolerated®
I ™

ACEi or ARB + CCB + 1y, Diuretic® Step 2 ACEP-‘orARB"-l-CCB-t-I.oopDIureﬁc

Increase to full-dose if tolerated Triple combination Increase to full-dose if well tolerated*

Add
SGLT2i according to approval and/or
Finerenone according to approval (do not combine with other MRA)?

Figure 1: BP-lowering therapy in patients with hypertension and CKD. (A) Therapy for CKD G1-G3 (eGFR =30 mL/min/1.73 m?). (B) Therapy for CKD G4-G5 (eGFR
<30 mL/min/1.73 m?) not on dialysis. (a) Transition from T/TL diuretic to loop diuretic should be individualized in patients with eGFR <45 mL/min/1.73 m?. (b) Cautious
start with low dose. (c) Check for dose adjustment according to renal impairment for drugs with relevant renal excretion rate. (d) When SBP is =140 mmHg or DBP
is =90 mmHg provided that: maximum recommended and tolerated doses of a three-drug combination comprising a RAS blocker (either an ACEi or an ARB), a CCB
and a T/TL diuretic were used, adequate BP control has been confirmed by ABPM or by HBPM if ABPM is not feasible, various causes of pseudo-resistant hypertension
(especially poor medication adherence) and secondary hypertension have been excluded. () Caution if eGFR <45 mL/min/1.73 m? or serum potassium >4.5 mmol/L.
(f) Should be used at any step as guideline directed medical therapy in respective indications or considered in several other conditions. (g) SGLT2i and finerenone
should be used according to their approval for CKD treatment (from [14], with permission). T/TL: thiazide/thiazide-like.

Clinical Kidney Journal , 2024, vol. 17, Suppl 2, ii36—-ii50
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Dialysis (HD/PD) & HTN



Hypertension Among Dialysis Patients

BP Goal

Hemodialysis Peritoneal Dialysis
Interdialytic BP of <140/80mmHg using <130/80mmHg using HBPM
HBPM Or

Or <130/80 mmHg using AOBP
Midweek intradialytic BP<140/80mmHg Or

<140/90 mmHg using routine office-based
measurement

UpToDate. 20205



Hypertension Treatment Among Dialysis Patients

NDT. 2014,29: 672-81.
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Post Kidney Transplantation & HTN
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Hypertension After Kidney Transplantation

« HTN i1s common after kidney transplantation because of
 pre-existing kidney disease,
« effects of iImmunosuppressive medications (CNIs) (among KT as well as other
SOT),
« presence of allograft pathology

 High proportion of masked hypertension (up to 40%); abnormal dipping status,
and high prevalence of nocturnal hypertension (reaching up to 70%-80%) are
reported among KT patients.

Clinical Kidney Journal , 2024, vol. 17, Suppl 2, ii36—ii50



Hypertension After Kidney Transplantation

* Both 2023 ESH and 2021 KDIGO Guidelines use the same target of <130/80
mmHg as a reasonable target for KTRs ( CoR Il, LoE B).

Clinical Kidney Journal , 2024, vol. 17, Suppl 2, ii36—ii50



Hypertension After Kidney Transplantation

In a systematic review/meta-analysis on 71 RCTSs:

CCBs (26 trials) reduced the risk for graft loss [RR 0.58; 95% CI1 0.38-0.89], increased GFR [ MD 3.08
mL/min (95% CI 0.38-5.78)] and reduced BP.

ACEIs (13 trials) reduced the risk for graft loss [RR 0.62; 95% CI 0.40-0.96] but decreased renal function
and increased the risk for hyperkalaemia.

ARBs (10 trials) did not modify the risk of death, graft loss and non-fatal CV events and increased the risk
for hyperkalaemia.

When pooling ACEI and ARB data, the risk for graft failure was lower in renin-angiotensin system (RAS)
blockade as compared with control treatments.

In direct comparison with ACEIs or ARBs (11 trials), CCBs increased GFR [MD 11.07 mL/min (95% CI
6.04-16.09)] and reduced potassium levels but were not more effective in reducing BP.



Hypertension After Kidney Transplantation

There are few available data on mortality, graft loss and rejection. Very few studies performed
comparisons with other active drugs.

Conclusions:

CCBs could be the preferred first-step antinypertensive agents in kidney transplant patients, as
they improve graft function and reduce graft loss.

No definite patient or graft survival benefits were associated with RAS inhibitor use over
conventional treatment.

Nephrol Dial Transplant. 2020; 35(5):878-87.



HTN & DM
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More than 80% of adults with T2D also have hypertension.

Further, CVD risk in adults with both T2D and hypertension is more than double the risk
for either condition alone.

Hypertension accelerates CKD, particularly when moderate or severe albuminuria is
present.

HTN + DM +/- CKD & IHD

Goal of BP is less than 130 /80 mmHg and the optimal goal is less than 120/80 for
reducing CV mortality and morbidity



Any of the recommended antihypertensive drug classes (ACEI, ARB, CCB, and diuretics)
are useful in the treatment of hypertension in diabetes.

ACEI or ARB is recommended as part of treatment in patients with diabetes and CKD,
defined by an eGFR< 60 ml/ml/1.73m2 who also have moderate or severe albuminuria,
defined as 30 mg albumin per g creatinine or greater. An ACEi or ARB is also appropriate
for less severe CKD (stage 1 or 2) when moderate or severe albuminuria is present.

SGLT21 and GLP-1 receptor agonists have been demonstrated to slow decline in kidney
function whether or not diabetes is present and may have some beneficial effects on BP.



5.3.1. Diabetes

Recommendations for Diabetes
Referenced studies that support the recommendations are

summarized in the

In adults with T2D and hypertension, antinyperten-
sive drug treatment should be initiated at an SBP
of 2130 mm Hg with a treatment goal of <130 mm
Hg, with encouragement to achieve an SBP <120
mm Hg to reduce CVD morbidity and mortality.'

In adults with T2D and hypertension, antihyperten-
sive drug treatment should be initiated at a DBP ot
=80 mm Hg with a treatment goal of <80 mm Hg
to reduce CVD morbidity and mortality®

In adults with T20 and hypertension, all first-line
classes of antihypertensive agents (ie, thiazide-
type diuretics, long-acting CCB, ACE|, and ARB)
are useful and effective for BP lowering.'”™

In adults with diabetes and hypertension, ACEi or
ARB are recommended in the presence of CKD as
identitied by eGFR <60 mL/min/1.73 m” or albu-
minuria =30 mg/g and should be considered when
mild albuminuria (<230 mg/qg) is present to delay
progressicn of diabetes-related kidney disease.'™ '™




HTN & HFrEF



el (B Sl (5 law 5 (e (ud ¢ WL sa L8 4l L alll 71 B jlay
(220 S 5550 80 Cruml b ey Cn3( LVEF = 35 %) 4085 juS (8l Ly (e 3a
Ol 5 5l

¢ adl g a8 (e 10 crostalbal ¢ o 8 e 5 550 dslsnsin e o650 40
160 b))l

2300 a5 il ) Ly ailindie 8L e 435 0 8 (e 25 (5L 548 )5 e 8 e
sai S

S G clia e o alill Gl o g yiadlie 150/90 5 Osa DL Jaus gia ) 5
O~ a8

s Hjlaw YL



» Hypertension is the most common medical comorbidity in patients with HF, and its
prevalence among patients with heart failure with reduced ejection fraction (HFrEF), defined
as left ventricular ejection fraction <40%, continues to rise.

« Hypertension is known to be a major risk factor for HFrEF directly through alterations in
cardiac structure and function in response to chronic pressure overload and indirectly through
Its associations with ischemic heart disease.

« Agoal SBP <130/80 mmHg should at least be attained in patients with hypertension and
HFrEF.



* |n patients with HFrEF and hypertension, up titration of HF GDMT to the maximally
tolerated dose is recommended for hypertension control.

* Diuretics should be added as needed for volume overload.

* Dihydropyridine CCB may be used to treat hypertension in patients with elevated BP
despite the optimization of GDMT.



Table 18. GDMT for Patients With Hypertension and HFrEF

BB In patients with HFrEF, even if asymptomatic, use 1 of the 3 BBs proven to reduce mortality and hospitalzations (bisoprolol,
carvedilol, metoprolol succinate).
MEA In patients with symptomatic HFrEF, spironclactone or eplerencne is recommended to reduce morbidity and mortality if eGFR is

=30 mL/min/1.73 m? and potassium is <<5.0 mEg/L.

RAAS with ACEi or ARB
ar ARMI

In patients with HFrEF and NYHA functional class |l to [ll symptoms, ARNi is recommended to reduce morbidity and mortality.

When the use of ARNi is not feasible, ACEi or ARB is recommended to reduce morbidity and mortality.

SGLT2i SGLT2i are recommended in patients with symptomatic HFrEF to reduce hospitalization and cardiovascular mortality irrespective
of the presence of typa 2 diabetes.
Additional GDMT to be added as indicated

Hydralazine and isosorbide
dinitrate

For patients self-identified as Black with NYHA functional class Ill to IV HFrEF who are receiving optimal medical therapy, the com-
bination of hydralazine and isosorbide dinitrate is recommended to improve symptoms and reduce morbidity and mortality.

In patients with current or previous symptomatic HFFEF who cannot be given first-line agents, such as ARNi, ACEi, or ARB,
because of drug intolerance or renal insufficiency, a combination of hydralazine and isosorbide dinitrate might be considered to

reduce morbidity and mortality.

Modified with permission fro
ACEi indicates angictensin-

m Heidenreich et al” Copyright 2022 American Heart Association, Inc, and American College of Cardiclogy Foundation.
converting enzyme inhibitors; AKB, angiotensin receptor blockers; ARNI, angictensin receptor-neprilysin inhibitors; BB, beta blocker,

eGFR, estimated glomerular filtration rate; GDMT, guideline-directed medical therapy; HFrEF, heart failure with reduced ejection fraction; MRA, mineralocorticoid receptor
antagonist; NYHA, New York Heart Association; RAAS renin-angiotensin-aldosterone system inhibitors; and SGLT2, sodium-glucose cotransporter inhibitors.



HTN & HFpEF
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« Hypertension is a major risk factor for developing heart failure with preserved ejection
fraction (HFpEF) and an important target for HF management to reduce hospitalization,
CVD events, and mortality.

» Goal BP is less than 130/80 mmHg

 Appropriate use of diuretics is crucial to the success of other antihypertensive medications
In the presence of HFpEF and should be used for signs and/or symptoms of volume
overload.

« SGLT?2i are used frequently for HFpEF treatment (with and without diabetes), unless
contraindicated, to reduce the risk of hospitalization and cardiovascular mortality. SGLT2i
may lower BP; therefore, adjustment in other antihypertensive medications may be
Indicated if signs or symptoms of hypotension are present.



« RAASI are indicated for management of HFpEF to attain an SBP of < 130/80 mmHg,
especially with an MRA or ARNI, or ARB when ARNI is not feasible.

« BB are not recommended for hypertension management with HFpEF given negative
chronotropic effects and should be restricted to specific comorbid conditions (eg,
arrhythmia, ACS)



AS /AR & HTN



Aortic Stenosis

AORTIC STENOSIS

VALVULAR HEART DISEASE

AORTIC VALVE NARROWS & PREVENTS
BLOOD from FLOWING NORMALLY

HEART has to PUMP HARDER

|

PRElSSURE OVERLOAD
VENTRICULAR HYPERTROPHY,
4} STROKE VOLUME,

L. VENTRICULAR DYSFUNCTION




Asymptomatic AS

Diuretics:

Diuretics generally should be avoided particularly if the LV chamber is small due to concentric
hypertrophy. Any further reduction in LV volume ( eg, with a diuretics) could lead to a fall in cardiac
output.

Vasodilators:

A fixed obstruction at the valve level might blunt the expected rise in cardiac output as afterload is

reduced with a vasodilator possibly leading to hypotension and decreased coronary perfusion.
However in asymptomatic AS , the valve leaflets are still flexible and the degree of leaflet opening can
increase with increases in transvalvular flow rate even valve obstruction is sever.

BBs:

reduce contractility which may pose a risk for the LV overload. while low dose beta blockers

may be considered in patients with asymptomatic hypertension especially in setting of AF
ACEIls/ARB:s:

May have beneficial effect on LV fibrosis in addition to control hypertension



Symptomatic AS

Concomitant HTN and Sever AS present a double load to the LV which may exacerbate ventricular
remodeling. No specific treatment regimen with patients with symptomatic AS and HTN has been
established.

Diuretics: should be used with caution.

BBs: reduce contractility which may pose a risk for the LV overload. while low dose beta blockers
may be considered in patients with asymptomatic hypertension especially in setting of AF , BBs
should be avoided in patients with symptomatic AS and HF

Vasodilators ( Hydralazine, TNG, DHP CCBs)may cause hypotension and coronary perfusion and
should be used with caution.

ACEI/ARB : There are few data in this filed

Start with low dose of ACEI/ARB and titrate slowly and in uncontrolled HTN CCBs should be used
with caution.



Recommendations for Medical Therapy of AS

Referenced studies that support the recommendations are

summarized in

. In patients at risk of developing AS (Stage

A) and in patients with asymptomatic AS
(Stages B and C), hypertension should

be treated according to standard GDMT,
started at a low dose, and gradually titrated
upward as needed, with appropriate clinical
monitoring.'

. In all patients with calcific AS, statin therapy

is indicated for primary and secondary
prevention of atherosclerosis on the basis of
standard risk scores.**®

. In patients who have undergone TAVI,

renin-angiotensin system blocker therapy (ACE
inhibitor or ARB) may be considered to reduce
the long-term risk of all-cause mortality.”#

. In patients with calcific AS (Stages B and C),

statin therapy is not indicated for prevention of
hemodynamic progression of AS.**®




AR and HTN

 Chronic aortic regurgitation is often accompanied by a wide pulse pressure

* BBs & NDHP CCBs:
medications that lower heart rate may paradoxically increase SBP
Reduction in HR cause increase in stroke volume that may contribute to elevated systolic
pressure and also leads to an increase in the duration of diastole which can contribute to
an increase in the regurgitation volume.

 ACEIs/ARBs, DHP CCBs
may be favored since they may reduce SBP in this setting.



Aortic valve fails to close,
allowing blood to leak
backward

Aortic valve

Right
atrium J

Right ventricle

Typical heart Aortic valve regurgitation

© MAYO FOUNDATION FOR MEDICAL EDUCATION AND RESEARCH. ALL RIGHTS RESERVED



Recommendations for Medical Therapy of Chronic AR

Referenced studies that support the recommendations are
summarized in

)

1. In asymptomatic patients with chronic AR
(Stages B and C), treatment of hypertension
(systolic blood pressure >140 mmHg) is
recommended.’

2. In patients with severe AR who have
symptoms and/or LV systolic dysfunction
(Stages C2 and D) but a prohibitive surgical
risk, GDMT for reduced LVEF with ACE
inhibitors, ARBs, and/or sacubitril/valsartan is
recommended.*




Aortic Disease & HTN



Develop the definitions for aneurysm and dissection to include: An aneurysm is a bulge in
the aorta or a peripheral artery. A dissection of the aorta or its branches occurs when the
inner lining of the artery is “torn” and begins to separate from the rest of the arterial wall.

__-SMOOTH MUSCLE GELLS
_-ENDOTHELIUM

TUNICA EXTERNA
TUNICA MEDIA
TUNICA INTIMA



Adventitia

Media

Intima

Healthy vessel Rupture of Intima  Dissection of Media




Goal BP:

The goal systolic pressure is 105 to 120 mmHg if tolerated

Choice of Antihypertensive drugs:

Beta blockers:

we suggest blood pressure control primarily using beta blockers with the aim of limiting
further aortic expansion . Beta blockers reduce the inotropic state of the heart, decreasing
left ventricular contractility (dP/dt), shear stress, and the impact force of ejected blood on
the aorta.

ACEIs/ARB:s:

ACE inhibition may have beneficial effects by modifying the inflammatory mediators and by
decreasing vascular smooth muscle apoptosis and downregulation of TGF-beta



HTN & CCS
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Intraluminal thrombus Propagation of thrombus
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Recommendations for Blood Pressure Management
Referenced studies that support the recommendations are

summarized in the

In adults with CCD, nonpharmacologic strategies
are recommended as first-line therapy to lower
BP in those with elevated BP (120-129/<80 mm
Hg) (see Table 12)-°

2. In adults with CCD who have hypertension, a BP
target of <130/<80 mm Hg is recommended to
reduce CVD events and all-cause death !9

3. In adults with CCD and hypertension (systolic BP
>130 and/or diastolic BP >80 mm Hg), in
addition to nonpharmacological strategies, GOMT
angiotensin-converting enzyme (ACE) inhibitors,
angiotensin-receptor blockers (ARB), or beta
blockers''" are recommended as first-line ther-
apy for compellmg indications (eq, recent Ml or
angina), with additional antihypertensive medica-
tions (eq, dlhydropyndme calci iel block-
ers [CCB], long-acting thiazide diuretics, and/or
mineralocorticoid receptor antagonists) added as
needed to optimize BP control'318

*Modified from the 2017 ACC/AHA Multisociety Guideline for the Prevention,
Detection, Evaluation, and Management of High Blood Pressure in Adults.™



Patients With CCD

Healthy Lifestyle

I

l l

Not at Very High Risk Very High Risk

If on maximally Dashed arrow
tolerated statin and indicates
LDL-C 270 mg/dL, RCT-supported
adding ezetimibe* efficacy but
can be beneficial is less cost-
(2a) effective

v v

If judged to be on maximal LDL-C
lowering therapy and LDL-C 270 mg/dL,
or non-HDL-C 2100 mg/dL, a PCSK9* mAb
can be beneficial
(2a)



Recommendations for Use of SGLT2 Inhibitors and GLP-1 Receptor
Agonists
Referenced studies that support the recommendations are

summarized in the

. In patients with CCD who have type 2 diabetes,
the use of either an SGLT2 inhibitor'® or a
GLP-1 receptor agonist® ' with proven cardio-
vascular benefit is recommended to reduce the

risk of MACE.

2. In patients with CCD and type 2 diabetes, addi-
tion of a GLP-1 receptor agonist at US prices
is projected to be of high value compared with
standard of care.'®

3. In patients with CCD and type 2 diabetes,
addition of an SGLT2 inhibitor at US prices is
projected to be of intermediate value compared
with standard of care.®

Cost Value
Statement:
High Value

Cost Value
Statement:
Intermedi-
ate Value

4. In patients with CCD and heart failure with
LVEF <40%, use of an SGLT2 inhibitor is rec-
ommended to reduce the risk of cardiovascular
death and heart failure hospitalization'®-*? and
to improve QOL,*?* irrespective of diabetes
status.”

5. In patients with CCD and heart failure with
LVEF <40%, addition of an SGLT2 inhibitor
to GDMT, irrespective of diabetes status, is
projected to be of intermediate value at US
prices.??

Cost Value
Statement:
Intermedi-
ate Value

8. In patients with CCD and heart failure with
LVEF >40%, use of an SGLT2 inhibitor can
be beneficial in decreasing heart failure
hospitalizations?"?¢ and to improve QOL,***
irrespective of diabetes status.

Cost Value 7. In patients with CCD and heart failure with
Statement: LVEF >40%, addition of an SGLT2 inhibitor to
Intermedi- GDMT, irrespective of diabetes status, is pro-

ate Value jected to be of uncertain value at US prices.*

“‘Modified from the 2022 AHA/ACC/HFSA Guideline for the Management of
Heart Failure.®!
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THE END



