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Learning Objectives

After reviewing this handout, students should be able to: 1. Distinguish between hypertensive
emergency and severe hypertension without end-organ damage 2. Recognize when IV antihyper-
tensives are indicated vs. oral alternatives 3. Apply evidence-based blood pressure reduction tar-
gets and timelines 4. Manage nicardipine and labetalol with attention to titration protocols 5. Iden-
tify adverse effects and populations at risk (elderly, CKD, shock states) 6. Implement monitoring
strategies to avoid excessive blood pressure reduction

Section 1: Clinical Definitions and Decision Framework

Hypertensive Emergency vs. Severe Hypertension (2025 Terminology)

TERMINOLOGY CHANGE (2025 Guidelines): “Hypertensive urgency” RETIRED. Now use
“severe hypertension without target organ damage.”

Entity BP Level Target Organ Damage? Treatment Timeline Agent Class

Hypertensive
Emer-
gency

>180/110 YES (encephalopathy,
ACS, stroke, ARDS,
eclampsia)

Immediate IV
reduction

Continuous
infusion
(nicardipine,
labetalol,
esmolol)

Severe
HTN
w/o
TOD

>180/110 NO Oral or obs. (1-2
weeks)

Long-acting oral
agents

Asymptomatic
Severe
HTN

>180/110 NO + asymptomatic Avoid IV treatment
(Class 3 Harm)

Oral meds, close
F/U
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Clinical Pearl: Rapid IV reduction in asymptomatic severe HTN increases stroke risk—avoid
aggressive treatment unless true target organ damage present.

Section 2: Evidence on IV Antihypertensive Outcomes

Key Clinical Trial Findings (Non-Guideline Randomized Data)

Risk of IV-Only Treatment (Retrospective Cohort):

Outcome IV-Treated Patients Untreated/Oral-Only Risk Ratio Absolute Risk

Myocardial
Infarc-
tion

5.9% 3.6% 1.52
(p=0.03)

+2.3% with IV

Hospital
LOS

4.9 ± 6.1 days 3.1 ± 4.1 days p<0.001 +1.8 days

Excessive
BP drop
(≥30%
MAP)

Common Rare Significant Risk of watershed
ischemia

Acute
Kidney
Injury

4.2% 3.8% 1.10 (NS
after
adjustment)

No significant
increase

Mortality
(in-
hospital)

1.2% 1.0% 1.2 (NS) Comparable
outcomes

Interpretation: IV antihypertensives achieve rapid BP reduction but do NOT improve hospital
outcomes vs. oral therapy in asymptomatic patients. Excessive, unpredictable reductionmay cause
harm.

The Pathophysiology of Harm

Excessive Rapid Reduction: - >25% MAP drop in hours � watershed ischemia in border
zones (especially brain) - Autoregulation impaired in chronic hypertensives; brain/renal perfusion
pressure-dependent - IV agents cannot be titrated as precisely as oral agents in many patients -
Risk amplified in acute stroke (ischemic or hemorrhagic) where perfusion precarious

Section 3: IV Antihypertensive Agents

Nicardipine (Cardene IV)

Classification: Dihydropyridine calcium channel blocker

Mechanism: Selective arteriolar vasodilation; maintains cardiac output; no reflex tachycardia
(unlike direct vasodilators)
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Dosing & Titration Protocols:

Standard FDA Regimen: - Initial: 5 mg/hr IV infusion - Titrate: Increase by 2.5 mg/hr every
5-15 minutes - Rapid (every 5 min) � faster control (~10-20 min to target) - Gradual (every 15
min) � slower, smoother control - Maintenance: 3 mg/hr after target reached - Maximum: 15
mg/hr

Clinical Evidence on Titration Rates:

Titration Rate Onset Time BP Stability Adverse Effects Best Use

1 mg/hr (very
gradual)

~60 min for full
effect

Excellent (fewer
fluctuations)

Fewer
hypotension
events

CKD, organ
dysfunction,
elderly

2.5 mg/hr
(moderate)

~20-30 min Good Moderate Most acute
settings

Rapid (5 min) ~10-15 min More variability � hypoten-
sion/tachycardia
risk

Hypertensive
emergency

Specific Evidence on 1 mg/hr Protocol: - Study protocol: Start 10 mg/hr, increase 1 mg/hr
every 4 minutes to DBP 90 mmHg target - Outcome: All patients achieved good BP control with
minimal adverse effects - Safety profile: Superior in patients with severe hypertension

CommonSideEffects: -Headache: 15% -Hypotension: 6% (higherwith rapid titration) - Reflex
tachycardia: 4% (less than direct vasodilators like hydralazine) - Nausea/vomiting: 5%

Administration Notes: - Phlebitis risk with peripheral administration; change IV site ev-
ery 12 hours - Preferred: Central line if available (but peripheral acceptable with site changes) -
Extravasation can cause tissue damage

Contraindications/Cautions: - Severe hypotension (relative; titrate slowly) - Acute
MI/unstable angina (use with beta-blocker to prevent reflex tachycardia) - Advanced liver
disease (metabolism via hepatic cytochrome P450) - Advanced renal disease (slower titration
recommended)

Labetalol (Trandate IV)

Classification: Combined alpha-1/beta-blocker (1:7 ratio α:β activity)

Mechanism: Non-selective beta-blockade + alpha-1 blockade � reduced SVR + HR control

Dosing: - IV Push: 10-20 mg over 1-2 minutes; repeat every 10 minutes to max 80 mg per dose -
Infusion: 0.5-2 mg/min; titrate to effect - Maintenance: 200 mg PO BID

Advantages: - Controls both BP and HR (prevents reflex tachycardia) - No phlebitis risk (safer
peripheral administration) - Useful in acute MI, acute coronary syndromes (beta-blockade
protective) - Predictable, consistent effect
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Disadvantages: - Slower onset (~5-10 minutes) than nicardipine - Beta-blockade effects: con-
traindicated in asthma, COPD, bradycardia - Fatigue, orthostasis (post-dose) - Unequal α:β block-
ade may cause paradoxical HTN in some patients

Clinical Pearl: In CLUE trial (randomized comparison with nicardipine), labetalol was equally
effective but required fewer titrations after initial control—better stability.

Hydralazine (Apresoline IV)

Classification: Direct arteriolar vasodilator (not calcium channel blocker)

Mechanism: Direct smooth muscle relaxation � pure vasodilation

Dosing: - IV Push: 5-20 mg; repeat every 4-6 hours - IM: 10-50 mg every 4-6 hours

Advantages: - Rapid onset (10-30 minutes) - Pregnancy-safe (historically used for gestational
HTN) - Potent agent for resistant hypertension

Disadvantages: -Unpredictable response (variable metabolism via N-acetylation) - Reflex
tachycardia (15-20% increase inHR)� increasedMVO₂ (bad in ACS) -Lupus-like syndrome
with prolonged use (dose-dependent, >200mg/day risk) - BroadBP reduction (hard to titrate); can
cause excessive drops - Delayed onset makes titration difficult (commit to effect before redosing)

Caution: Slow, unpredictablemetabolismpredicts need for frequently-spaced redosing. Not ideal
for minute-by-minute titration.

Esmolol (Brevibloc)

Classification: Ultra-short-acting selective beta-1 blocker

Mechanism: Beta-1 blockade � HR and contractility �; SBP reduction secondary

Dosing: - Loading: 500 mcg/kg over 1 minute - Maintenance: 50-300 mcg/kg/min (short infu-
sion; titrate every 5-10 min) - Effect onset: <1 minute; offset: 10-20 minutes after discontinuation

Best Use: - Tachycardia + hypertension (post-op, anxiety, hyperthyroidism) - Situations requir-
ing rapid reversibility - Acute MI with tachycardia

Limitation: BP reduction is secondary to HR control; may not achieve SBP targets without
additional vasodilator.

Section 4: Special Populations

Critical Care / ICU Patients

Challenges: - Oscillometric BPmeasurement unreliable in ICU - 64% failure rate to detect severe
hypotension (MAP <60 mmHg) - Wide limits of agreement: -14.6 to +40.3 mmHg - Cuff sizing
errors common; 26% show ≥10 mmHg discrepancies - Vasopressor interactions (IV antihyperten-
sives may compete with pressors) - Organ dysfunction limits drug metabolism
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Recommendations: - Consider invasive arterial BP monitoring if IV antihypertensives re-
quired - Recognize that MAP is most reliable oscillometric measurement; trust it over calculated
SBP/DBP - Slower titration rates (1-2.5 mg/hr nicardipine) safer in ICU - Avoid absolute BP reduc-
tion targets; use percentage reduction (25% MAP in first hour)

Elderly Patients (Age >75 years)

Vulnerability: - Impaired cerebral autoregulation -Orthostatic hypotension risk (blunted barore-
ceptor reflex) - Frailty, falls with hip fracture (major morbidity)

Guidelines (Class 2a): - Do NOT withhold intensive HTN treatment solely for asymptomatic
orthostasis - BUT: Monitor closely; target SBP reduction <130 mmHg (avoid <110 SBP if possible)
- Prefer slower titration; labetalol or low-dose nicardipine (1 mg/hr protocol)

End-Stage Renal Disease / Hemodialysis Patients

Challenges: - Oscillometric BP inaccuracy due to arterial stiffness - Electrolyte abnormalities
(K+, Ca2+, Mg2+) affect drug response - Rapid fluid shifts during dialysis create unstable BP

Recommendations: - Continuous monitoring preferred over intermittent cuff measurements -
Slower titration (1-2.5 mg/hr nicardipine) - Monitor K+ closely (especially if using beta-blockers
or ACEIs) - Coordinate with dialysis schedule; avoid acute drops during/post-dialysis

Acute Stroke Patients

Ischemic Stroke (post-thrombectomy): - Class 3 (Harm): Avoid aggressive SBP reduc-
tion <140 mmHg in first 24-72 hours - Rationale: ENCHANTED trial showed worse outcomes
with intensive reduction - Permissive hypertension maintains penumbral perfusion via collateral
circulation - Conservative approach: Allow SBP 140-160 mmHg initially

Acute Intracerebral Hemorrhage: - Target SBP 130-140 mmHg (specifically 140, not
<140) - Timeline: Achieve within 2 hours of symptom onset (hematoma expansion window) -
Agents: Nicardipine (preferred for continuous infusion) or labetalol - Caution: Avoid SBP <130
mmHg (cerebral hypoperfusion risk in impaired autoregulation)

Section 5: Blood Pressure Reduction Targets & Timelines

General Hypertensive Emergency Protocol

CRITICAL CONCEPT: Avoid Excessive Reduction
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Phase Timeline Target BP Change Rationale

Phase 1
(Acute)

First 1 hour � 10-25% MAP Prevent watershed
ischemia

Phase 2
(Gradual)

2-6 hours Achieve <160/100 mmHg Controlled reduction

Phase 3
(Target)

24-48 hours Goal BP per condition Stabilize end-organ
perfusion

Condition-Specific Targets

Aortic Dissection (Type A): - Most aggressive target: SBP <120 mmHg - Timeline: Achieve
within 20minutes - Agents: Esmolol (beta-blocker FIRST to reduce dP/dt) + vasodilator (nicardip-
ine or nitroprusside) - Purpose: Reduce wall shear stress to halt dissection propagation

Acute Coronary Syndrome: - Target: SBP <140 mmHg (avoid overshoot <100 mmHg) -
Agents: Nicardipine ± beta-blocker; labetalol preferred - Avoid: Hydralazine (reflex tachycardia
increases MVO₂)

Pulmonary Edema / Flash Pulmonary Edema: - Target: Reduce SBP 20-30% to improve
afterload, decrease pulmonary congestion - Agents: Nicardipine (easier titration) or IV nitrates -
Monitor: Continuous pulse ox, respiratory status

Preeclampsia/Eclampsia: - Target: SBP 140-150 mmHg (avoid <130 mmHg � placental hy-
poperfusion) - Agents: IV labetalol preferred; IV hydralazine alternative - Timeline: Treat SBP
≥160/110 within 30-60 minutes

Section 6: Monitoring & Adverse Effect Management

Essential Monitoring During IV Infusion

Every 5-10 minutes: - BP (ideally invasive if available) - HR - Symptoms (chest pain, SOB,
headache, vision changes)

Every 15-30minutes: - Urine output (monitor for hypotension/AKI) - EKG (watch for ischemic
changes) - Continuous pulse oximetry

Labs (baseline, then per clinical context): - Electrolytes (K+, Na+, Cl-), renal function (Cr,
BUN) - Troponin if ACS concern - Blood glucose (stress hyperglycemia common)

Managing Hypotension During Infusion

If BP drops >25% or <90 mmHg systolic: 1. STOP infusion immediately (especially
nicardipine—half-life ~40min) 2. Positionpatient supine, legs elevated 3. Establish IV fluid access;
consider IV fluids if volume depleted 4. After BP stabilizes (5-10min), restart at lower rate (e.g.,
3-5 mg/hr nicardipine if was on 10 mg/hr) 5. Titrate more slowly (increase by 1 mg/hr instead of
2.5 mg/hr)
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Managing Reflex Tachycardia (Hydralazine, Nicardipine)

IfHR>110andpatient symptomatic: - Add beta-blocker (labetalol IV, esmolol) to block reflex
tachycardia - OR switch to labetalol asmonotherapy (combines alpha + beta blockade) - Avoid pure
vasodilators without HR control in CAD/ACS

Phlebitis Prevention (Nicardipine)

• Change IV site every 12 hours (mandatory)
• Use largest bore needle possible
• Consider central line if prolonged infusion anticipated
• Monitor for swelling, redness, pain at infusion site

Section 7: Clinical Pearls & Practice Points

When to Use IV Antihypertensives

• � True hypertensive emergency (target organ damage present)
• � Unable to take oral medications (altered mental status, post-op, intubated)
• � Hypertensive emergency requiring minute-by-minute control

When NOT to Use IV Antihypertensives (Class 3 Harm)

• � Asymptomatic severe HTN (SBP >180) without end-organ damage
• � Hypertensive “urgency” in stable patient � oral meds, close follow-up
• � Patients who can swallow and tolerate oral agents

Agent Selection

Clinical Scenario Preferred Agent Avoid

Most acute settings Nicardipine (2.5 mg/hr) Hydralazine (unpredictable)
Organ dysfunction / CKD Nicardipine (1 mg/hr) or

labetalol
Fast-titration protocols

ACS / Tachycardia Labetalol ± nicardipine Hydralazine (reflex
tachycardia)

Aortic dissection Esmolol + vasodilator Vasodilator alone
Asthma/COPD Nicardipine Labetalol, beta-blockers
Pregnancy Labetalol, hydralazine ACEIs, ARBs
Rapid reversibility needed Esmolol, nicardipine Long-acting agents

Avoid Excessive Reduction

• Do NOT target SBP <130 mmHg acutely unless aortic dissection or hypertensive en-
cephalopathy

• Allow 24-48 hours to reach steady-state BP targets
• Monitor for stroke, MI, AKI in first 48 hours post-IV treatment
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Practice Questions

Question 1: A 58-year-old man with no known HTN presents with SBP 195/110 mmHg, severe
headache, and drowsiness. Exam reveals papilledema. Which IV agent and titration approach is
most appropriate?

A) Nicardipine 2.5 mg/hr, increase by 2.5 mg/hr every 5 minutes
B) Nicardipine 1 mg/hr, increase by 1 mg/hr every 4 minutes
C) Hydralazine 20 mg IV push, repeat every 4-6 hours
D) Labetalol 10 mg IV push, repeat every 10 minutes

Answer: A – Symptoms (papilledema, altered mental status) indicate hypertensive encephalopa-
thy (true emergency). Rapid, effective titration preferred (2.5 mg/hr protocol). Nicardipine pre-
ferred over hydralazine (predictable, no reflex tachycardia). Labetalol reasonable alternative but
slower onset.

Question 2: A 72-year-old woman with CKD stage 4 (eGFR 28) is admitted with SBP 188mmHg,
no end-organ damage, asymptomatic. Which approach is most appropriate?

A) Start nicardipine IV 5 mg/hr, titrate aggressively to SBP <130 mmHg
B) Prescribe long-acting oral amlodipine; monitor closely; plan outpatient follow-up in 1-2

weeks
C) Start IV labetalol to achieve SBP reduction to <130 mmHg within 1 hour
D) Start nicardipine IV 1 mg/hr with slow titration; transition to oral agents within 24 hours

Answer: B – Asymptomatic severe HTN without end-organ damage: oral agents, not IV (Class
3 Harm for aggressive IV reduction). Outpatient follow-up in 1-2 weeks is standard. IV treatment
unnecessary and increases risk (MI 1.52× relative risk in observational data).

Question 3: A 68-year-oldman 2 hours post-ischemic stroke (successful thrombectomy) has SBP
155mmHg. His wife asks why we’re not treating the high BP.What is the appropriate explanation?

A) “We will aggressively lower his BP to <130 mmHg to reduce further stroke risk”
B) “The high BP is protecting blood flow to the brain after the clot removal; we avoid aggressive

reduction for 24 hours”
C) “We allow blood pressure to stay elevated to prevent any additional strokes”
D) “BP control is not important in the acute stroke recovery period”

Answer: B – Post-thrombectomy permissive hypertension: ENCHANTED trial showed worse
outcomes with SBP <140 mmHg reduction (Class 3 Harm). Elevated BP maintains penumbral
perfusion via collateral vessels. Conservative approach: allow SBP 140-160 mmHg × 24-48 hrs.

Key References

• Literature Review: IV Antihypertensives for Hospital Inpatients
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• Nicardipine Dosage Titration Report
• 2025 AHA Hypertension Guideline Emergency Management Section

Created for PA/Medical Student Education Last Updated: 2026-02-12
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