
Classes of Drugs Used to Treat Arrhythmias

Antiarrhythmic drug classes:
•Class I - Sodium-channel blockers

•Class II - Beta-blockers

•Class III - Potassium-channel blockers

•Class IV - Calcium-channel blockers

•Miscellaneous - adenosine

- electrolyte supplement (magnesium and potassium salts)

- digitalis compounds (cardiac glycosides)

- atropine (muscarinic receptor antagonist)

https://cvpharmacology.com/antiarrhy/sodium-blockers
https://cvpharmacology.com/cardioinhibitory/beta-blockers
https://cvpharmacology.com/antiarrhy/potassium-blockers
https://cvpharmacology.com/vasodilator/ccb
https://cvpharmacology.com/antiarrhy/adenosine
https://cvpharmacology.com/antiarrhy/electrolyte
https://cvpharmacology.com/cardiostimulatory/digitalis
https://cvpharmacology.com/antiarrhy/atropine


(Sodium-Channel Blockers)

Effects on depolarization
Sodium-channel blockers comprise the Class I 
antiarrhythmic compounds according to the Vaughan-
Williams classification scheme. These drugs bind to and 
block fast sodium channels that are responsible 
for rapid depolarization (phase 0) of fast-response 
cardiac action potentials. This type of action potential is 
found in non-nodal cardiomyocytes (e.g., atrial and 
ventricular myocytes; Purkinje fibers). Because the 
slope of phase 0 depends on the activation of fast 
sodium-channels and the rapid entry of sodium ions 
into the cell (Figure: ↑gNa+), blocking these channels 
decreases the slope of phase 0, which also leads to a 
decrease in the amplitude of the action potential. In 
contrast, nodal tissue action potentials (sinoatrial and 
atrioventricular nodes) do not depend on fast sodium 
channels for depolarization; instead, phase 0 
depolarization is carried by calcium currents. Therefore, 
blocking sodium channels has no direct effect on nodal 
tissue action potentials.

https://cvpharmacology.com/antiarrhy/vaughan-williams
https://cvphysiology.com/arrhythmias/a006
https://cvphysiology.com/arrhythmias/a003
https://cvphysiology.com/arrhythmias/a004


التأثيرات على إزالة الاستقطاب 

تتكون حاصرات قنوات الصوديوم من المركبات المضادة لاضطراب النظم من

.  ويليامزفوغانتصنيف وفقاً لمخطط الفئة الأولى 

ن إزالة عالمسؤولةترتبط هذه الأدوية بقنوات الصوديوم السريعة وتمنعها وهي 

د يوج. لجهود الفعل القلبية سريعة الاستجابة( 0المرحلة )الاستقطاب السريع 

الخلايا مثل)هذا النوع من جهد الفعل في الخلايا العضلية القلبية غير العقدية 

يعتمد 0ة نظرًا لأن ميل المرحل(. بوركنجي؛ ألياف والبطينيةالعضلية الأذينية 

ديوم إلى على تنشيط قنوات الصوديوم السريعة والدخول السريع لأيونات الصو
، مما 0، فإن منع هذه القنوات يقلل من ميل المرحلة +(gNa↑: الشكل)الخلية 

ود الفعل في المقابل، لا تعتمد جه. يؤدي أيضًا إلى انخفاض في سعة جهد الفعل

قنوات على( البطينيةالأذينية والأذينية الجيبيةالعقد )النسيجية العقدية 

0الطور ؛ بدلاً من ذلك، يتم نقل استقطابالصوديوم السريعة لإزالة الاستقطاب

أثير فإن حجب قنوات الصوديوم ليس له تلذلك،. بواسطة تيارات الكالسيوم

.مباشر على جهد عمل الأنسجة العقدية



The principal effect of reducing the rate and magnitude of depolarization by 
blocking sodium channels is :

a decrease in conduction velocity in non-nodal tissue (atrial and 
ventricular muscle, Purkinje conducting system). 
The faster a cell depolarizes, the more rapidly adjacent cells become depolarized, 
leading to a more rapid regeneration and transmission of action potentials between 
cells. Therefore, blocking sodium channels reduces the velocity of action potential 
transmission within the heart (reduced conduction velocity; negative dromotropy). 
This can serve as an important mechanism for suppressing tachycardias that are 
caused by abnormal conduction (e.g., reentry mechanisms). By depressing 
abnormal conduction, reentry mechanisms can be interrupted.

:  التأثير الرئيسي لخفض معدل وحجم الاستقطاب عن طريق حجب قنوات الصوديوم هو

وركنجيب، ونظام والبطينيةالعضلة الأذينية )انخفاض سرعة التوصيل في الأنسجة غير العقدية 

، مما يؤديكلما زادت سرعة استقطاب الخلية، زادت سرعة استقطاب الخلايا المجاورة(. الموصل

جب لذلك، فإن ح. مما يؤدي إلى تجديد أسرع ونقل لجهود الفعل بين الخلاياالمجاورة، إلى تجديد

انخفاض سرعة التوصيل؛ )قنوات الصوديوم يقلل من سرعة انتقال جهد الفعل داخل القلب 

صيل غير الناتج عن التوتسرع القلب يمكن أن يكون هذا بمثابة آلية مهمة لقمع (. سلبيدروموتروبي

ة آليات إعادة من خلال تثبيط التوصيل غير الطبيعي، يمكن مقاطع(. الدخولمثل آليات إعادة)الطبيعي 

.الدخول

https://cvphysiology.com/arrhythmias/a008c


The three subclasses of sodium-channel blockers 
differ in how they bind to fast sodium channel. To 
understand this, it is important to note that these 
channels have different states: resting (closed), 
activated (open), and inactivated (closed). These 
states are regulated by voltage and time-dependent 
mechanisms that alter conformational states of the 
channel structure. As shown in the figure to the 
right, the resting state occurs during phase 4 when 
the membrane potential is repolarized to its 
resting potential of -80 to -90 mV. When these 
channels are closed, inward sodium currents 
through these channels do not contribute to the 
membrane potential. When the membrane 
potential is rapidly depolarized to about -70 mV by 
an adjacent cell that becomes depolarized, these 
channels undergo a rapid change to the 
activated (open) state, which increases sodium 
conductance (gNa+) thereby permitting a rapid 
influx of sodium that further depolarizes the cell 
(phase 0). Once the cell depolarizes, this leads to 
inactivation and the closing of these channels



تباطها بقنوات تختلف الفئات الفرعية الثلاثة لحاصرات قنوات الصوديوم في كيفية ار

: ة لفهم ذلك، من المهم ملاحظة أن هذه القنوات لها حالات مختلف. الصوديوم السريعة

لال يتم تنظيم هذه الحالات من خ(. مغلقة)، وخمول (مفتوحة)، وتنشيط (مغلقة)راحة 

كما هو . اةآليات تعتمد على الجهد والوقت والتي تغير الحالات التكوينية لبنية القن

عندما يتم 4موضح في الشكل الموجود على اليمين، تحدث حالة الراحة أثناء المرحلة 

عندما تكون . مللي فولت90-إلى 80-إعادة استقطاب جهد الغشاء إلى جهد الراحة من 

هد هذه القنوات مغلقة، لا تساهم تيارات الصوديوم الداخلية عبر هذه القنوات في ج

مللي فولت بواسطة 70-عندما يتم استقطاب جهد الغشاء بسرعة إلى حوالي . الغشاء

لحالة النشطة خلية مجاورة تصبح غير مستقطبة، تخضع هذه القنوات لتغيير سريع إلى ا
مما يسمح بتدفق سريع +( gNa)، مما يزيد من توصيل الصوديوم (المفتوحة)

بمجرد إزالة (. 0المرحلة )للصوديوم الذي يؤدي إلى إزالة استقطاب الخلية بشكل أكبر 

استقطاب الخلية، يؤدي هذا إلى عدم التنشيط وإغلاق هذه القنوات



The many sodium channels in a single cell respond at slightly different 
voltages and times, so the process of inactivation, while rapid, is not 
instantaneous but is still occurring in early phase 2. Some of these more 
slowly inactivated channels produce late sodium currents. When the 
channels are in the inactivated (closed) state, inward sodium currents 
through these channels cease. As the membrane potential repolarizes
during phase 3, the inactivated state prevents reactivation of action 
potentials (i.e., the cell is refractory). As the cell potential reaches its resting 
value at the end of phase 3, the sodium channels transition back into their 
resting (close) state, and the cell can once again be stimulated to produce a 
new action potential



ذا فإن عملية تستجيب قنوات الصوديوم العديدة في خلية واحدة عند جهد وأوقات مختلفة قليلاً، ل

تنتج . 2كرة التعطيل، على الرغم من سرعتها، ليست فورية ولكنها لا تزال تحدث في المرحلة المب

ة غير عندما تكون القنوات في حال.بعض هذه القنوات المعطلة ببطء تيارات صوديوم متأخرة

جهد مع إعادة استقطاب. ، تتوقف تيارات الصوديوم الداخلية عبر هذه القنوات(مغلقة)نشطة 

أي أن الخلية )، تمنع الحالة غير النشطة إعادة تنشيط جهود الفعل 3الغشاء خلال المرحلة 

، تنتقل قنوات الصوديوم 3عندما يصل جهد الخلية إلى قيمته الساكنة في نهاية المرحلة (. مقاومة

جديد، ويمكن تحفيز الخلية مرة أخرى لإنتاج جهد فعل(المغلقة)مرة أخرى إلى حالتها الساكنة 



Class IA and IC drugs bind to (and therefore block) sodium channels in both 
activated and inactivated states, which makes them particularly effective 
in treating tachyarrhythmias. This is referred to as a use-dependence or 
state-dependence attribute of these drugs. At higher rates of cell 
depolarizations, the relative time the channels spend in a rested (closed) 
state is reduced; therefore, there is a higher probability that the drug will 
bind to the activated and inactivated states at higher heart rates. In 
contrast, Class IB drugs bind primarily to channels in the inactivated state. 
This characteristic of IB drugs is important because these drugs are very 
useful for arrhythmias in ischemic myocardium. The reason for this is that 
ischemia leads to slow cellular depolarization that inactivates sodium 
channels, and therefore enhanced binding of IB drugs.



في كل من الحالات النشطة ( وبالتالي تحجبها)بقنوات الصوديوم ICو IAترتبط أدوية الفئة 

إلى ويشار. مما يجعلها فعالة بشكل خاص في علاج عدم انتظام ضربات القلبوغير النشطة، 

ى من عند معدلات أعل. ذلك باسم سمة الاعتماد على الاستخدام أو الاعتماد على الحالة لهذه الأدوية

؛ وبالتالي، (لقةمغ)الوقت النسبي الذي تقضيه القنوات في حالة راحة استقطاب الخلايا، يتم تقليل

لب هناك احتمال أكبر أن يرتبط الدواء بالحالات النشطة وغير النشطة عند معدلات ضربات ق
هذه . بشكل أساسي بالقنوات في الحالة غير النشطةIBترتبط أدوية الفئة في المقابل، . أعلى

مهمة لأن هذه الأدوية مفيدة جدًا لاضطرابات نظم القلب في عضلة القلب IBالخاصية لأدوية 

قنوات والسبب في ذلك هو أن نقص التروية يؤدي إلى استقطاب خلوي بطيء يعطل. الإقفارية
.IBالصوديوم، وبالتالي يعزز ارتباط أدوية 



Effects on repolarization

Besides affecting phase 0 of action 
potentials, sodium-channel blockers may 
also alter the action potential duration 
(APD) and the effective refractory period 
(ERP). Because some sodium-channel 
blockers increase the ERP (Class IA), while 
others decrease the ERP (Class IB) or have 
no effect on ERP (Class IC), the Vaughan-
Williams classification recognizes these 
differences as subclasses of Class I 
antiarrhythmic drugs. These effects on ERP 
are not directly related to sodium channel 
blockade, but are related to drug actions on 
potassium channels involved in phase 3 
repolarization of action potentials. These 
channels regulate potassium efflux from the 
cell (gK), and therefore repolarization. For 
example, delaying and inhibiting the 
activation of these outward K+ currents 
increase APD and ERP.

https://cvpharmacology.com/antiarrhy/vaughan-williams


مدة من جهد الفعل، قد تغير حاصرات قنوات الصوديوم أيضًا 0بالإضافة إلى التأثير على المرحلة 
ونظرًا لأن بعض حاصرات قنوات الصوديوم (. ERP)وفترة المقاومة الفعالة ( APD)جهد الفعل 

أو ليس لها تأثير ( IBالفئة )، بينما يقلل البعض الآخر من جهد الفعل (IAالفئة )تزيد من جهد الفعل 

ات فرعية بهذه الاختلافات على أنها فئيعترفويليامز فوغان، فإن تصنيف (ICالفئة )جهد الفعل على

جهد الفعل لا ترتبط هذه التأثيرات على. من أدوية مضادات عدم انتظام ضربات القلب من الفئة الأولى
(ERP ) لبوتاسيومابشكل مباشر بحصار قناة الصوديوم، ولكنها مرتبطة بتأثيرات الدواء على قنوات

ة من الخليالبوتاسيومتنظم هذه القنوات تدفق . لجهد الفعل3المشاركة في إعادة استقطاب المرحلة 
(gK)البوتاسيومات على سبيل المثال، يؤدي تأخير وتثبيط تنشيط تيار. ، وبالتالي إعادة الاستقطاب

وفترة المقاومة الفعالة ( APD)الخارجية هذه إلى زيادة جهد الفعل 

التأثيرات على إعادة الاستقطاب



The drugs in these subclasses also differ in their efficacy for reducing the slope of phase 0  ,

 esahp no tceffe tsellams eht gnivah sgurd BI dna tsetaerg eht gnivah sgurd CI htiw0  AI(

 esahp no tceffe rieht ni etaidemretni era sgurd0  eseht sezirammus gniwollof ehT .)

secnereffid:

Sodium-channel blockade:

IC > IA > IB

Increasing the ERP:

IA > IC > IB (decreases)
Increasing or decreasing the APD and ERP can either increase or decrease 

arrhythmogenesis, depending on the underlying cause of the arrhythmia. Increasing the 

ERP, for example, can interrupt tachycardia caused by reentry mechanisms by prolonging 

the duration that normal tissue is unexcitable (its refractory period). This can prevent reentry 

currents from re-exciting the tissue. Increasing the APD can precipitate torsades de pointes ,

yb desuac aidracyhcat ralucirtnev fo epyt asnoitaziralopedretfa.

Ranolazine is classified as a Class ID compound because, unlike the Class I drugs it 

blocks late sodium currents found during phase 2 ,which leads to a delay in the 

activation of repolarizing potassium channels in phase 3 .Therefore, ranolazine 

increases the APD and ERP

https://cvphysiology.com/arrhythmias/a008a
https://cvpharmacology.com/angina/late-sodium-blocker


حيث تتمتع أدوية ، 0الطور تختلف الأدوية في هذه الفئات الفرعية أيضًا في فعاليتها في تقليل ميل 
IC بأكبر تأثير بينما تتمتع أدويةIB أدوية )0بأقل تأثير على الطورIA متوسطة في تأثيرها على

(.  0الطور 
إلى زيادة أو خفض حدوث عدم انتظام ضربات ERPوAPDيمكن أن تؤدي زيادة أو خفض 

يمكن أن على سبيل المثال،. القلب، اعتمادًا على السبب الكامن وراء عدم انتظام ضربات القلب
ة إلى مقاطعة تسرع القلب الناتج عن آليات إعادة الدخول عن طريق إطالة المدERPتؤدي زيادة 

هذا تيارات يمكن أن يمنع(. فترة مقاومتها)التي تكون فيها الأنسجة الطبيعية غير قابلة للإثارة 
 torsades deإلى حدوث APDيمكن أن تؤدي زيادة . إعادة الدخول من إعادة إثارة الأنسجة

pointes صنف ي  . الناجم عن الاستقطاب اللاحقالبطيني، وهو نوع من عدم انتظام ضربات القلب

، يحجب تيارات الصوديوم Iلأنه، على عكس أدوية الفئة IDكمركب من الفئة رانولازين

المعاد البوتاسيوممما يؤدي إلى تأخير تنشيط قنوات ، 2المتأخرة الموجودة أثناء المرحلة 
ERPوAPDمن رانولازينلذلك،، يزيد . 3استقطابها في المرحلة 



Effects on automaticity

By mechanisms not understood and unrelated to blocking fast sodium channels, 

Class I antiarrhythmics can suppress abnormal automaticity by decreasing the 

slope of phase 4 ,which is generated by pacemaker currents.

Indirect vagal effects

The direct effect of Class IA antiarrhythmic drugs on action potentials is significantly 

modified by their anticholinergic actions. Inhibiting vagal activity can lead to both an 

increase in sinoatrial rate and atrioventricular conduction, which can offset the direct 

effects of the drugs on these tissues. Although a IA drug may effectively depress 

atrial rate during flutter, it can lead to an increase in ventricular rate because of an 

increase in the number of impulses conducted through the atrioventricular node 

(anticholinergic effect), requiring concomitant treatment with a beta-

blocker or calcium-channel blocker to slow AV nodal conduction. These 

anticholinergic actions are most prominent at the sinoatrial and atrioventricular 

nodes because these sites are extensively innervated by vagal efferent nerves. 

Different drugs within the IA subclass differ in their anticholinergic actions

https://cvphysiology.com/arrhythmias/a004
https://cvphysiology.com/arrhythmias/a005
https://cvpharmacology.com/cardioinhibitory/beta-blockers
https://cvpharmacology.com/vasodilator/ccb


Class IA: atrial fibrillation, flutter; supraventricular & ventricular tachyarrhythmias
والبطينيالبطينيالأذيني، الرفرفة؛ عدم انتظام ضربات القلب فوق الرجفان: IAالفئة 

quinidine* anticholinergic (moderate)

cinchonism (blurred vision, 
tinnitus, headache, 

psychosis); cramping and 
nausea; enhances digitalis 

toxicity 
ة، عدم وضوح الرؤي)السينكونيزمداء 

؛ تشنجات (طنين الأذن، صداع، ذهان

الديجيتالوغثيان؛ يعزز سمية 

procainamide
anticholinergic (weak); 
relatively short half-life

lupus-like syndrome in 25-
30% of patients

% 30-25في بالذئبةمتلازمة شبيهة 

من المرضى

disopryamide anticholinergic (strong)
negative inotropic effect
ليتأثير سلبي على التقلص العض

Specific Drugs and Therapeutic Indications



(VT)البطينيعدم انتظام ضربات القلب : الفئة الأولى ب

Class IB: ventricular tachyarrhythmias (VT)

lidocaine* IV only; VT and PVCs

good efficacy in ischemic 
myocardium; binds primarily 
to inactivated Na+-channels 
in ischemic cells; therefore, 

little effect in normal cardiac 
cells

tocainide orally active lidocaine analog can cause pulmonary fibrosis

mexiletine orally active lidocaine analog
good efficacy in ischemic 

myocardium



Class IC: life-threatening supraventricular tachyarrhythmias (SVT) and ventricular 
المهددان للحياة( VT)البطينيوتسارع ضربات القلب ( SVT)البطينيتسارع ضربات القلب فوق : ICالفئة 

tachyarrhythmias (VT)

flecainide* SVT can induce life-threatening VT

propafenone SVT & VT;
β-blocking and Ca++-channel 
blocking activity can worsen 

heart failure

moricizine VT; IB activity

(المبكرالبطينيالمبكرة، الانقباض البطينيةالمجمعات )البطينيعدم انتظام ضربات القلب 

Class ID: ventricular arrhythmias (premature ventricular complexes, PVC)

ranolazine PVC
also classified and used as an 

antianginal

prototypical drug *دواء نموذجي    
Abbreviations: IV, intravenous; PVC, premature ventricular complex



Side Effects and Contraindications
The anticholinergic effects of IA drugs can produce tachycardia, dry mouth, 
urinary retention, blurred vision, and constipation. Diarrhea, nausea, headache 
and dizziness are also common side effects of many Class I drugs. Quinidine
enhances digitalis toxicity, especially if hypokalemia is present. Quinidine, by 
delaying repolarization, can precipitate torsades de pointes (especially in 
patients with long-QT syndrome), a ventricular tachyarrhythmia caused 
by afterdepolarizations. Disopyramide is contraindicated for patients with 
uncompensated heart failure because of its negative inotropic actions; 
propafenone can also depress inotropy. IC compounds can cause increased risk 
of sudden death in patients with a prior history of myocardial infarction or 
sustained ventricular arrhythmias

https://cvpharmacology.com/cardiostimulatory/digitalis
https://cvphysiology.com/arrhythmias/a008a
https://cvpharmacology.com/clinical-topics/heart-failure


الآثار الجانبية وموانع الاستعمال
تسرع القلب، وجفاف الفم، واحتباس البول، IAلأدوية للكولينيمكن أن تسُبب التأثيرات المضادة 

كما يعُد الإسهال والغثيان والصداع والدوار من الآثار الجانبية. وعدم وضوح الرؤية، والإمساك

.  الأولىالشائعة للعديد من أدوية الفئة

، الكينيدينسبب يمكن أن يُ . الدمبوتاسيوم، خاصةً في حالة وجود نقص الديجيتالسمية الكينيدينيعزز 

ون من خاصةً لدى المرضى الذين يعان)بوينتديتورسادعن طريق تأخير إعادة الاستقطاب، حدوث 

.  قةالناجم عن إزالة الاستقطاب اللاحالبطيني، وهي اضطراب نظم القلب (الطويلةتيكيومتلازمة 

آثاره السلبية للمرضى الذين يعانون من قصور القلب غير المعوض بسببديسوبيراميديمُنع استخدام 

المؤثرة على التقلص العضلي؛ 

.أيضًا تأثير المؤثر على التقلص العضليالبروبافينونكما يمكن أن ي ثبط 
زيادة خطر الوفاة المفاجئة لدى المرضى الذين لديهم تاريخ سابق من ICيمكن أن تسُبب مركبات 

.المستمرالبطينيعضلة القلب أو اضطراب نظم القلب احتشاء



(Late Sodium Current Blocker )Ranolazine
Mechanism of Action

Ranolazine represents a new class of antianginal drugs. Although the 

antianginal mechanism is not well understood, ranolazine clearly blocks late inward 

sodium currents occurring during phase 2 of ventricular action potenials. This 

mechanism is now included in the Vaughan-Williams classification as a Class ID 

sodium-channel blocker. In the ischemic myocardium, late inward sodium currents 

contribute to an elevation in intracellular sodium, which leads to an increase in 

intracellular calcium through the sodium-calcium exchanger. Calcium overload in 

ischemic cells leads to impaired relaxation, which increases ventricular 

diastolic wall stress and end-diastolic pressure. This causes mechanical 

compression of the microcirculation within the wall of the ventricle, which impairs 

coronary blood flow during diastole and therefore worsens ischemia, particularly in 

the subendocardial regions. By blocking late inward sodium currents, calcium 

overload and diastolic wall stress are reduced, leading to improved coronary blood 

flow. Additionally, ranolazine prolongs the QT-interval (action potential duration) by 

inhibiting outward potassium (delayed rectifying) currents (Kr currents) during 

phase 3 of the cardiac action potential. It is possible that other mechanisms may 

contribute to the antianginal effects of ranolazine. Unlike other antianginal drugs, 

such as beta-blockers and calcium-channel blockers, ranolazine has no clinically 

significant effect on heart rate or arterial pressure

https://www.cvphysiology.com/arrhythmias/a006
https://cvpharmacology.com/antiarrhy/vaughan-williams
https://cvphysiology.com/cardiac-function/cf023
https://cvphysiology.com/cardiac-function/cf023
https://cvphysiology.com/cardiac-function/cf008
https://cvphysiology.com/heart-failure/hf006
https://cvphysiology.com/blood-flow/bf001
https://www.cvphysiology.com/arrhythmias/a009
https://www.cvphysiology.com/arrhythmias/a006
https://cvpharmacology.com/cardioinhibitory/beta-blockers
https://cvpharmacology.com/vasodilator/ccb


( رانولازين)مانع تيار الصوديوم المتأخر 

آلية العمل 
بحة وعلى الرغم من أن آلية عمل الذ. فئة جديدة من الأدوية المضادة للذبحة الصدريةرانولازينيمثل 

رة التي يحجب بوضوح تيارات الصوديوم الداخلية المتأخرانولازينالصدرية غير مفهومة جيدًا، إلا أن 

فوغانف وقد تم تضمين هذه الآلية الآن في تصني. المرحلة الثانية من إمكانات عمل البطينتحدث أثناء
، تساهم تيارات الصوديوم الإقفاريةفي عضلة القلب . IDويليامز كحاصر لقنوات الصوديوم من الفئة 

يا  من الداخلية المتأخرة في ارتفاع الصوديوم داخل الخلايا، مما يؤدي إلى زيادة الكالسيوم داخل الخلا

ى ضعف إلالإقفاريةيؤدي التحميل الزائد للكالسيوم في الخلايا . خلال مبادل الصوديوم والكالسيوم

ا وهذا يسبب ضغطً . الاسترخاء، مما يزيد من إجهاد جدار البطين الانبساطي وضغط نهاية الانبساط

اء الانبساط ميكانيكياً على الدورة الدموية الدقيقة داخل جدار البطين، مما يضعف تدفق الدم التاجي أثن

الصوديوم من خلال منع تيارات. وبالتالي يزداد سوءًا نقص التروية، وخاصة في المناطق تحت الشغاف

حسين تدفق المتأخرة إلى الداخل، يتم تقليل الحمل الزائد للكالسيوم وإجهاد جدار الانبساط، مما يؤدي إلى ت
عن طريق تثبيط تيارات ( مدة جهد الفعل)QTفترة الرانولازينبالإضافة إلى ذلك، يطيل . الدم التاجي

من الممكن . من جهد الفعل القلبي3خلال المرحلة ( Krتيارات ( )التصحيح المتأخر)الخارجية البوتاسيوم

ة الأخرى على عكس الأدوي. للرانولازينأن تساهم آليات أخرى في التأثيرات المضادة للذبحة الصدرية 

تأثير للرانولازينالمضادة للذبحة الصدرية، مثل حاصرات بيتا وحاصرات قنوات الكالسيوم، ليس 

سريري مهم على معدل ضربات القلب أو ضغط الدم الشرياني



Therapeutic Indication and Administration
Ranolazine is approved by the FDA as a treatment for chronic angina. It is 

available as an extended-release oral compound and is dosed twice daily. 

Ranolazine may be used along with other antianginal drugs such 

as nitrates, beta-blockers and calcium-channel blockers.

Because ranolazine increases the action potential duration and effective 

refractory period, it has been shown to be effective (off-label) in the 

treatment of premature ventricular complexes.

Side Effects and Contraindications
Because ranolazine prolongs the QT-interval, it is contraindicated in patients with 

preexisting prolonged QT-intervals because this can lead to torsade de pointes 

and ventricular tachyarrhythmia. Constipation, nausea, dizziness and headaches 

are among the more common side-effects

https://cvpharmacology.com/vasodilator/nitro
https://cvpharmacology.com/cardioinhibitory/beta-blockers
https://cvpharmacology.com/vasodilator/ccb


(Potassium Channel Blockers)

All class III antiarrhythmic drugs share 
a common electrophysiological 
mechanism in that they prolong the 
action potential duration, and most of 
the drugs in this class do so primarily 
by inhibiting repolarizing potassium 
currents. Therefore, these compounds 
are often referred to as "potassium 
channel blockers." To understand this 
mechanism of these compounds, the 
following provides a brief review of 
cardiac action potential generation



يزيولوجيةكهروفتشترك جميع أدوية الفئة الثالثة المضادة لاضطراب النظم في آلية 

ن مشتركة، وهي إطالة مدة جهد الفعل، ومعظم أدوية هذه الفئة تفعل ذلك أساسًا ع

عيدة للاستقطابالبوتاسيومطريق تثبيط تيارات  ت سمى هذه لذلك، غالباً ما. الم 

م ما يلي لفهم آلية عمل هذه المركبات، ي قد".البوتاسيومحاصرات قنوات "المركبات 

.مراجعة موجزة لتوليد جهد الفعل القلبي



In non-nodal cardiac tissue, such as ventricular cardiomyocytes action 
potentials are initiated when a cell is depolarized to a threshold 
potential by an adjacent cell. This leads to rapid opening of fast sodium 
channels and a slower opening of L-type calcium channels (increased 
sodium and calcium conductance; gNa and gCa, respectively) that 
permit sodium and calcium to enter the cell during phases 0 - 2. As 
these channels become inactivated, potassium channels open 
(increased gK) permitting potassium ions to leave the cell, which causes 
repolarization of the membrane potential (phases 3 and 4). Potassium 
channels remain open until the next action potential is triggered. A 
different type of potassium channel is responsible for the initial 
repolarization (phase 1). Potassium channels are also responsible for 
repolarizing slow-response action potentials in the sinoatrial and 
atrioventricular nodes.

https://cvphysiology.com/arrhythmias/a004


Class III antiarrhythmic compounds (Vaughan-Williams 
classification) bind to and block potassium channels that are 
responsible for phase 3 repolarization. By blocking these channels, 
action potential repolarization is delayed, which leads to an 
increase in action potential duration and an increase in the effective 
refractory period (ERP). Most of the class III drugs,however, have 
additional mechanisms of action that may contribute to their 
electrophysiological actions.
Prolongation of ventricular action potentials increases the QT 
interval in the electrocardiogram. This is a common effect of all 
Class III antiarrhythmic drugs. The electrophysiological changes 
prolong the length of time that the cell is unexcitable (refractory) 
and therefore make the cell less excitable.
By increasing the ERP, these drugs are very useful in suppressing 
tachyarrhythmias caused by reentry mechanisms. Reentry occurs 
when an action potential reemerges into normal tissue that is no 
longer refractory. When this happens, a new action potential is 
generated prematurely (before normal activation) and a circular, 
repeating pattern of early and rapid activation can develop, which 
leads to tachycardia. If the ERP of the normal tissue is lengthened, 
then the reemerging action potential may find the normal tissue 
refractory and premature activation will not occur

https://cvpharmacology.com/antiarrhy/vaughan-williams
https://cvphysiology.com/arrhythmias/a009
https://cvphysiology.com/arrhythmias/a008c


Specific Drugs and Therapeutic Indications

Drug Therapeutic Uses Comments

amiodarone

ventricular tachycardia, 
including ventricular 

fibrillation; atrial fibrillation 
and flutter 

عدم انتظام ضربات القلب 

انالرجف، بما في ذلك البطيني

الأذيني الرجفان؛ البطيني

والرفرفة

very long half-life (25-60 days); Class I, II, III & IV actions and therefore 
decreases phase 4 slope and conduction velocity; side effects include 
(some serious): pulmonary fibrosis; hypothyroidism; hepatotoxicity; 

corneal micro-deposits, skin discoloration

لثة ؛ تأثيرات من الدرجة الأولى والثانية والثا(يومًا60-25)عمر نصف طويل جدًا 

لآثار ؛ تشمل اوسرعة التوصيلوالرابعة وبالتالي تقلل من ميل المرحلة الرابعة 

بد؛ رواسب التليف الرئوي؛ قصور الغدة الدرقية؛ سمية الك(: بعضها خطير)الجانبية 

دقيقة في القرنية، تغير لون الجلد

dronedarone

atrial fibrillation (non-
permanent) and flutter

(  غير الدائم)الأذيني الرجفان

والرفرفة

structurally related (but non-iodinated) to amiodarone, but has a much 
smaller volume of distribution and shorter elimination half-life (~24 hr); 

Class I, II, III & IV actions; contraindicated in severe or recently 
decompensated, symptomatic heart failure; although less toxic than 

amiodarone, it is less efficacious in atrial fibrillation

كثير ، لكن حجم توزيعه أصغر ببالأميودارون( ميودنولكن غير )مرتبط هيكلياً 

؛ إجراءات من الدرجة الأولى والثانية (ساعة24~)ونصف عمر إزالة أقصر 

است نفِد والثالثة والرابعة؛ ي منع استخدامه في حالات قصور القلب الشديد أو الذي

تعويضه مؤخرًا والمصحوب بأعراض؛ على الرغم من أنه أقل سمية من 

الأذينيالرجفان، إلا أنه أقل فعالية في الأميودارون



bretylium

life-threatening ventricular 
tachycardia and fibrillation

والرجفانالبطينيتسرع القلب 
المهددان للحياة

IV only; initial sympathomimetic effect (norepinephrine release) 
followed by inhibition, which can lead to hypotension

sotalol

ventricular tachycardia; 
atrial flutter and fibrillation

لأذيني االرجفان؛ البطينيتسرع القلب 
والرفرفة

inhibits opening of repolarizing K+ channels and increases ERP; also has 
Class II (beta-blocker) activity and therefore slows sinus rate

؛ كما أن له نشاطًا من الفئة الثانية ERPالمستقطبة ويزيد من فعالية البوتاسيوميثبط فتح قنوات 

وبالتالي يبطئ معدل ضربات القلب( حاصرات بيتا)

ibutilide

atrial flutter and fibrillation 
(acute termination)

والرجفانالرفرفة الأذينية 
(الإنهاء الحاد)

activates slow inward Na+ currents during early phase 3 and inhibits 
opening of repolarizing K+ channels, which delays repolarization and 

increases ERP; IV only; can cause life-threatening ventricular 
arrhythmias; infrequent non-cardiac side effects

البوتاسيومويمنع فتح قنوات 3ينشط تيارات الصوديوم الداخلية البطيئة أثناء المرحلة المبكرة 
م ؛ يمكن أن يسبب عدم انتظاوريدياً فقط؛ ERPالمستقطبة، مما يؤخر إعادة الاستقطاب ويزيد من 

الذي يهدد الحياة؛ آثار جانبية غير قلبية نادرةالبطينيضربات القلب 

dofetilide

atrial flutter and fibrillation; 
paroxysmal supraventricular

tachycardia (off-label)
قلب ؛ تسرع الوالرجفانرفرفة الأذين 
الانتيابيالبطينيفوق 

approved for acute atrial flutter and fibrillation; very selective K+-
channel blocker; can cause life-threatening ventricular arrhythmias

وهو ة؛ الحاد والرفرفة الأذينيالأذيني الرجفانتمت الموافقة عليه لعلاج 

انتظام ؛ ويمكن أن يسبب عدمالبوتاسيومحاصر انتقائي للغاية لقنوات 

الذي يهدد الحياةالبطينيضربات القلب 



Cardiac Side Effects and Contraindications
These drugs, like Class I drugs, are proarrhythmic as well as being 
antiarrhythmic. For example, the increase in action potential duration can 
produce torsades de pointes (a type of ventricular tachycardia), especially in 
patients with long-QT syndrome. Amiodarone, because of its Class IV effects, 
can cause bradycardia and atrioventricular block, and therefore is 
contraindicated in patients with heart block or sinoatrial node dysfunction

الآثار الجانبية القلبية وموانع الاستعمال هذه الأدوية

، قد ت سبب على سبيل المثال. مثل أدوية الفئة الأولى، ت سبب اضطراب النظم، كما أنها مضادة له

خاصةً لدى ،(البطينينوع من تسرع القلب " )بوينتديتورساد"بـزيادة مدة جهد الفعل ما ي عرف 

فئة ، فبسبب آثاره من الالأميودارونأما . الطويلةتيكيوالمرضى الذين يعانون من متلازمة 

ه لدى المرضى الذين ، ولذلك يمُنع استخدامبطينياًالرابعة، فقد يسُبب بطء القلب وانسدادًا أذينياً 

الأذينيةالجيبيةيعانون من انسداد القلب أو خلل في وظيفة العقدة 



Adenosine
General Pharmacology

Adenosine is a naturally occurring purine nucleoside that forms from the breakdown 

of adenosine triphosphate (ATP). ATP is the primary energy source in cells for 

transport systems and many enzymes. Most ATP is hydrolyzed to ADP, which can 

be further dephosphorylated to AMP. Most ADP and AMP that form in the cell are 

rephosphorylated by the mitochondria through enzymatic reactions requiring 

oxygen. If large amounts of ATP are hydrolyzed, and especially if there is insufficient 

oxygen available (i.e., hypoxia), then some of the AMP can be further 

dephosphorylated to adenosine by the cell membrane associated enzyme, 5'-

esaditoelcun.

Adenosine has a short half-life. In human blood, its half-life is less than 10 seconds. 

There are two important metabolic fates for adenosine



الأدينوزين
(.ATP)الأدينوزينطبيعي يتكون من تحلل ثلاثي فوسفات نوكليوزيدهو الأدينوزين

.مصدر الطاقة الرئيسي في الخلايا لأنظمة النقل والعديد من الإنزيماتATPي عد 

AMPوADPتتم إعادة فسفرة معظم . AMPإلى ، والذي يمكن تحولهADPإلى ATPيتحلل معظم 
.من خلال تفاعلات إنزيمية تتطلب الأكسجينالميتوكوندرياالمتكونين في الخلية بواسطة 

، يمكن (أي نقص الأكسجين)، وخاصةً في حالة نقص الأكسجين ATPفي حالة تحلل كميات كبيرة من 

.  المرتبط بغشاء الخليةنوكليوتيداز-'5بواسطة إنزيم أدينوزينإلى AMPفسفرة بعض 

هناك مصيران . ثوان  10في دم الإنسان، يكون عمر النصف أقل من . بعمر نصف قصيرالأدينوزينيتميز 

.للأدينوزينمهمان أيضيان



Adenosine is rapidly transported into red blood cells (and other cell types) 
where it is rapidly deaminated by adenosine deaminase to inosine, which is 
further broken down to hypoxanthine, xanthine, and uric acid which is 
excreted by the kidneys. Adenosine deamination also occurs in plasma, but 

at a lower rate than that which occurs within cells. Dipyridamole is a 
vasodilator drug that blocks adenosine uptake by cells, reducing the 
metabolism of adenosine. Therefore, one important mechanism for 
dipyridamole-induced vasodilation is its potentiation of extracellular 
adenosine.
Adenosine can be acted on by adenosine kinase and rephosphorylated to 
AMP. This salvage pathway helps maintain the adenine nucleotide pool in 
cells



تم نزع حيث ي( وأنواع الخلايا الأخرى)بسرعة إلى خلايا الدم الحمراء الأدينوزينيتم نقل 

لى ، والذي يتحلل بعد ذلك إإينوزينإلى امينازديأدينوسينأمينه بسرعة بواسطة 

.الذي تفرزه الكلىاليوريكوحمض وزانثينهيبوكسانثين

يحدث أيضًا في البلازما، ولكن بمعدل أقل من المعدل الذيالأدينوزينيحدث نزع أمين 

.  داخل الخلايا

ة بواسطالأدينوزينهو دواء موسع للأوعية الدموية يمنع امتصاص ديبيريدامول

.  الأدينوزيناستقلابالخلايا، مما يقلل من 

هيديبيريداموللذلك، فإن إحدى الآليات المهمة لتوسع الأوعية الدموية الناجم عن 

.خارج الخليةللأدينوزينتعزيزه 
يساعد . AMPوإعادة فسفرته إلى كينازأدينوسينبواسطة الأدينوزينيمكن أن يتأثر 

في الخلاياالأدينيننيوكليوتيداتمسار الإنقاذ هذا في الحفاظ على تجمع 



Cardiac electrical effects
In cardiac nodal tissue, adenosine binds to type 1 (A1) 
receptors, which are coupled to Gi-proteins. Activation 
of this pathway opens potassium channels, which 
hyperpolarizes the cell. Activation of the Gi-protein also 
decreases cAMP, which inhibits L-type calcium channels 
and therefore calcium entry into the cell. In cardiac 
pacemaker cells in the sinoatrial node, adenosine 
acting through A1 receptors inhibits the pacemaker 
current (If), which decreases the slope of phase 4 of 
the pacemaker action potential and decreasing its 
spontaneous firing rate (negative chronotropy). 
Inhibition of L-type calcium channels by adenosine also 
decreases conduction velocity (negative dromotropic
effect) at the atrioventricular (AV) node. Finally, 
adenosine, by acting on presynaptic purinergic
receptors on sympathetic nerve terminals, inhibits the 
release of norepinephrine. In terms of its electrical 
effects in the heart, adenosine decreases the heart rate 
at the SA node and reduces conduction velocity at the 
AV node. The latter effect can produce atrioventricular
block. Note, however, that when adenosine is infused 
systemically into humans, the heart rate can increase 
because of baroreceptor reflexes activated by systemic 
vasodilation and hypotension

https://cvphysiology.com/blood-pressure/bp011
https://cvphysiology.com/blood-pressure/bp011
https://cvphysiology.com/arrhythmias/a004
https://cvphysiology.com/arrhythmias/a004
https://cvphysiology.com/arrhythmias/a003
https://cvpharmacology.com/clinical-topics/arrhythmias-2


التأثيرات الكهربائية للقلب 

بمستقبلات الأدينوزينفي الأنسجة العقدية القلبية، يرتبط 
يؤدي تنشيط . Gi، والتي ترتبط ببروتينات (A1)1النوع 

ى ، مما يؤدي إلالبوتاسيومهذا المسار إلى فتح قنوات 
من Giكما يقلل تنشيط بروتين . فرط استقطاب الخلية

cAMP الكالسيوم من النوع ، الذي يثبط قنواتL
.وبالتالي دخول الكالسيوم إلى الخلية

يبيةالجفي خلايا جهاز تنظيم ضربات القلب في العقدة 
  على A1من خلال مستقبلات الأدينوزينالأذينية، يعمل 

، مما يقلل من (If)تثبيط تيار جهاز تنظيم ضربات القلب 

من جهد عمل جهاز تنظيم ضربات القلب 4ميل الطور 

يكرونوتروبتأثير )ويقلل من معدل إطلاقه التلقائي 

(.  سلبي
بواسطة Lكما يؤدي تثبيط قنوات الكالسيوم من النوع 

تأثير )إلى تقليل سرعة التوصيل الأدينوزين
(.  AV)البطينيةفي العقدة الأذينية ( سلبيدروموتروبي



صبية الودية، في النهايات العالمشبكيةقبل البيورينعلى مستقبلات الأدينوزينأخيرًا، يعمل 

. النورإبينفرينمما يمنع إطلاق 

ند العقدة من معدل ضربات القلب عالأدينوزينومن حيث تأثيراته الكهربائية في القلب، يقلل 

.البطينيةالأذينية، ويقلل من سرعة التوصيل عند العقدة الأذينية الجيبية

.ويمكن أن يؤدي هذا التأثير الأخير إلى حدوث انسداد أذيني بطيني

معدل في البشر، يمكن أن يزدادجهازياًالأدينوزينومع ذلك، تجدر الإشارة إلى أنه عند حقن 

سع الأوعية ضربات القلب بسبب ردود فعل مستقبلات الضغط التي يتم تنشيطها عن طريق تو

.وانخفاض ضغط الدمالجهازيةالدموية 



Vasodilator actions
Adenosine binds to purinergic receptors in different cell types, where it has several 
actions. One important action is vascular smooth muscle relaxation, which leads to 
vasodilation. This is an important mechanism for matching coronary blood flow to 
the metabolic needs of the heart. In coronary vascular smooth muscle, adenosine 
binds to adenosine type 2A (A2A) receptors, which are coupled to the Gs-protein. 
Activation of this G-protein stimulates adenylyl cyclase (AC in figure), increases 
cAMP, and causes protein kinase activation. This activates KATP channels, which 
hyperpolarizes the smooth muscle, causing relaxation. Increased cAMP also causes 
smooth muscle relaxation by inhibiting myosin light chain kinase, which leads to 
decreased myosin phosphorylation and a decrease in contractile force. There is 
also evidence that adenosine inhibits calcium entry into the cell through L-type 
calcium channels. Since calcium regulates smooth muscle contraction, reduced 
intracellular calcium causes relaxation. In some types of blood vessels, there is 
evidence that adenosine produces vasodilation through increases in cGMP, which 
leads to inhibition of calcium entry into the cells, opening of potassium channels, 
and activation of myosin light chain phosphatase

https://cvphysiology.com/blood-flow/bf001
https://cvphysiology.com/blood-pressure/bp026
https://cvphysiology.com/blood-pressure/bp026
https://cvphysiology.com/blood-pressure/bp026
https://cvpharmacology.com/vasodilator/nitro
https://cvphysiology.com/blood-pressure/bp026


تأثيرات موسّعة الأوعية الدموية 
نواع في أالبيورينبمستقبلات الأدينوزينيرتبط 

.  مختلفة من الخلايا، حيث يكون له عدة تأثيرات

ء أحد التأثيرات المهمة هو استرخاء العضلات الملسا

هذه. الوعائية، مما يؤدي إلى توسع الأوعية الدموية

ت الاحتياجاآلية مهمة لمطابقة تدفق الدم التاجي مع 

.  للقلبالأيضية

في العضلات الملساء الوعائية التاجية، يرتبط 
2Aمن النوع الأدينوزينبمستقبلات الأدينوزين

.  Gsوالتي ترتبط ببروتين 

سيكليزأدينيليلإنزيم Gيحفز تنشيط هذا البروتين 

AC ويزيد منcAMP نازكي، ويسبب تنشيط بروتين  .

، مما يؤدي إلى فرط KATPهذا ينشط قنوات 

. اءاستقطاب العضلات الملساء، مما يسبب الاسترخ



الميوسينلة سلسكينازتسبب استرخاء العضلات الملساء عن طريق تثبيط cAMPكما أن زيادة 

.وانخفاض القوة الانقباضيةالميوسينالخفيفة، مما يؤدي إلى انخفاض فسفرة 

يمنع دخول الكالسيوم إلى الخلية من خلال قنواتالأدينوزينهناك أيضًا أدلة على أن 
اض ونظرًا لأن الكالسيوم ينظم انقباض العضلات الملساء، فإن انخف. Lالكالسيوم من النوع 

وفي بعض أنواع الأوعية الدموية، . الكالسيوم داخل الخلايا يسبب الاسترخاء
، مما cGMPينتج توسعاً في الأوعية الدموية من خلال زيادة الأدينوزينهناك أدلة على أن 

سلسلة فوسفاتازوتنشيطالبوتاسيوميؤدي إلى تثبيط دخول الكالسيوم إلى الخلايا وفتح قنوات 

.الخفيفةالميوسين



Therapeutic and Diagnostic Use
The major therapeutic use of adenosine is as an antiarrhythmic drug for the 
rapid treatment of supraventricular tachycardia caused by AV 
nodal reentry by suppressing AV nodal conduction. For these indications, 
adenosine is administered either as bolus intravenous injection or as an 
intravenous infusion. Adenosine is not effective for atrial flutter or fibrillation.
Although adenosine is a powerful vasodilator, especially in coronary 
circulation, it is not used as a vasodilator to treat coronary artery disease. The 
reason is that it is short-acting, limited to intravascular administration, and 
can produce coronary vascular steal. When administered by intravenous 
infusion, it can produce hypotension and atrioventricular block.
Adenosine's unique vasodilator properties, however, are utilized in cardiac 
imaging during stress tests to determine coronary fractional flow reserve (a 
measure of severity of coronary stenosis), and to assess pulmonary 
vasodilator responses in patients with pulmonary hypertension.

https://cvpharmacology.com/clinical-topics/arrhythmias
https://www.cvphysiology.com/arrhythmias/a008c
https://www.cvphysiology.com/hemodynamics/h009


الاستخدام العلاجي والتشخيصي 
لقلب فوق هو كدواء مضاد لاضطراب النظم لعلاج سريع لتسرع اللأدينوزينالاستخدام العلاجي الرئيسي 

لأذينيعن طريق تثبيط التوصيل العقدي االبطينيةالناتج عن عودة دخول العقدة الأذينية البطيني

سريب إما عن طريق الحقن الوريدي السريع أو عن طريق التالأدينوزينلهذه الحالات، يعُطى . البطيني

. الوريدي

. الأذينيالرجفانغير فعال في علاج الرفرفة الأذينية أو الأدينوزين

نه موسع للأوعية الدموية قوي، وخاصة في الدورة الدموية التاجية، إلا أالأدينوزينعلى الرغم من أن 

ول، والسبب هو أنه قصير المفع. لا يسُتخدم كموسع للأوعية الدموية لعلاج مرض الشريان التاجي

، ويقتصر على الإعطاء داخل الأوعية الدموية

سبب عند إعطائه عن طريق التسريب الوريدي، يمكن أن يُ . ويمكن أن يسُبب انسداد الأوعية التاجية

. بطينياًانخفاض ضغط الدم وانسدادًا أذينياً 

قلبي أثناء في التصوير الللأدينوزينومع ذلك، يتم استخدام خصائص توسيع الأوعية الدموية الفريدة 

، وتقييم (قياس شدة تضيق الشريان التاجي)اختبارات الإجهاد لتحديد احتياطي التدفق الجزئي التاجي 

.رئوياستجابات توسيع الأوعية الدموية الرئوية لدى المرضى الذين يعانون من ارتفاع ضغط الدم ال



Side-effects
Most of adenosine's side effects are related to its vasodilator properties. Patients 
can experience flushing and headaches, both of which are related to vasodilation. 
Adenosine can produce rapid arterial hypotension; however, this is reversed shortly 
after stopping the infusion of adenosine because of its short half-life. Coronary 
vascular steal is of theoretical concern in some patients with coronary artery disease, 
although there is no clinical evidence supporting this adverse effect. 
Methylxanthines such as caffeine and theophylline competitively antagonize the 
binding of adenosine at its purinergic receptor. Finally, adenosine may produce 
undesirable AV block; however, this is usually rapidly corrected by stopping 
adenosine administration. Therefore, adenosine is contraindicated in patients with 
preexisting second or third degree AV block

https://cvpharmacology.com/clinical-topics/arrhythmias


الآثار الجانبية 
رضى من قد يعاني الم. بخصائصه الموسعة للأوعية الدمويةللأدينوزينترتبط معظم الآثار الجانبية 

خفاضًا انالأدينوزينيمكن أن ي سبب . احمرار الوجه والصداع، وكلاهما مرتبط بتوسع الأوعية الدموية

تسريب هذا الانخفاض بعد فترة وجيزة من إيقافسريعاً في ضغط الدم الشرياني؛ ومع ذلك، ينعكس

عض المرضى ي عد انسداد الأوعية التاجية مصدر قلق نظري لدى ب. نظرًا لقصر عمره النصفيالأدينوزين

.  ارالمصابين بمرض الشريان التاجي، على الرغم من عدم وجود دليل سريري يدعم هذا التأثير الض

بمستقبله لأدينوزينابشكل تنافسي على مقاومة ارتباط والثيوفيلينمثل الكافيين كزانتيناتالميثيلتعمل 

. البيورينرجي

ما يتم تصحيح ذلك غير مرغوب فيه؛ ومع ذلك، عادةً بطينياًأذينياً إحصارًاالأدينوزينوأخيرًا، قد ي سبب 

ن يعانون لدى المرضى الذيالأدينوزينيمُنع استخدام لذلك،. الأدينوزينبسرعة عن طريق إيقاف إعطاء 

.أذيني بطيني من الدرجة الثانية أو الثالثةإحصارمسبقاً من 



The Pharmacologic Treatment of Myocardial 

Infarction

Classes of Drugs Used to Treat Myocardial Infarction

•Vasodilators (dilate arteries and veins)

- nitrodilators

- angiotensin converting enzyme inhibitors (ACEIs)

- angiotensin receptor blockers (ARBs)

- aldosterone (mineralocorticoid receptor) antagonists

•Cardiac depressant drugs (reduce heart rate and contractility)

- beta-blockers

•Antiarrhythmics (if necessary)

•Anti-thrombotics (prevent thrombus formation)
- anticoagulant

- anti-platelet drugs

•Thrombolytics (dissolve clots - i.e., "clot busters")

- plasminogen activators

•Analgesics (reduce pain)

- morphine

https://cvpharmacology.com/vasodilator/vasodilators
https://cvpharmacology.com/vasodilator/nitro
https://cvpharmacology.com/vasodilator/ace
https://cvpharmacology.com/vasodilator/arb
https://cvpharmacology.com/diuretic/mra
https://cvpharmacology.com/cardioinhibitory/cardioinhibitory
https://cvpharmacology.com/cardioinhibitory/beta-blockers
https://cvpharmacology.com/antiarrhy/antiarrhythmic
https://cvpharmacology.com/thrombolytic/thrombolytic


The Pharmacologic Treatment of Heart Failure
Causes of Heart Failure
•INTRINSIC

•Coronary artery disease

•Myocardial infarction

•Valve disease

•Congenital heart defects

•Cardiomyopathy (dilated, hypertrophic,

or restrictive)

•Myocarditis

•EXTRINSIC

•Chronic hypertension

•Arrhythmias

•Pericarditis

•Thyroid disease; diabetes; anemia

•Arterial-venous shunts

•Lung disease; pulmonary embolism

•Pregnancy

•Septic shock



العلاج الدوائي لقصور القلب 
أسباب قصور القلب 

أسباب داخلية 

مرض الشريان التاجي

عضلة القلباحتشاء

أمراض الصمامات 

عيوب القلب الخلقية

(التقييدي، أو الضخاميالتوسعي، )اعتلال عضلة القلب 

التهاب عضلة القلب

أسباب خارجية 

ارتفاع ضغط الدم المزمن

اضطرابات نظم القلب

التامورالتهاب 

أمراض الغدة الدرقية؛

داء السكري؛

فقر الدم 

التحويلات الشريانية الوريدية 

أمراض الرئة؛ 

الانسداد الرئوي 

الحمل 

الإنتانيةالصدمة 



Heart failure can be defined as the inability of the heart to provide 

adequate cardiac output and oxygen delivery to meet the metabolic 

demands of the body, or can do so only under conditions of 

increased cardiac preload. Heart failure can be caused by factors 

originating from within the heart (i.e., intrinsic disease or pathology) or 

from external factors that place excessive demands upon the heart, as 

shown in the list of causes.

https://www.cvphysiology.com/cardiac-function/cf007


The number one cause of heart failure is coronary artery disease (CAD). 

CAD reduces coronary blood flow and oxygen delivery to the 

myocardium. This leads to myocardial hypoxia and impaired function. 

Another common cause of heart failure is myocardial infarction, which is 

the final and often fatal culmination of CAD. Infarcted tissue does not 

contribute to the generation of mechanical activity, so overall cardiac 

performance is diminished. Furthermore, non-infarcted regions must 

compensate for the loss of function and this extra burden can precipitate 

changes that lead to failure of the non-infarcted myocardium. Valvular

disease and congenital defects place increased demands upon the heart 

that can precipitate failure. Cardiomyopathies of known origin (e.g., 

bacterial or viral) or idiopathic (unknown origin) can lead to failure. 

Myocarditis damages the heart and can lead to abnormal 

function. Arrhythmias, such as severe bradycardia or tachycardia, can 

also precipitate failure.

https://www.cvphysiology.com/cad/cad001
https://www.cvphysiology.com/blood-flow/bf001
https://www.cvphysiology.com/cad/cad002
https://www.cvphysiology.com/cad/cad005
https://www.cvphysiology.com/cad/cad011
https://www.cvphysiology.com/cad/cad010
https://www.cvphysiology.com/heart-disease/hd003
https://www.cvphysiology.com/arrhythmias/a011


Acute heart failure develops rapidly and can be immediately life 

threatening because the heart does not have time to undergo 

compensatory adaptations. Acute failure (hours/days) may result from 

acute infection (sepsis), reperfusion injury and stunning, acute 

myocardial infarction, valve chordae tendineae rupture, severe 

arrhythmias, etc. Acute heart failure can often be managed successfully 

by pharmacological or surgical interventions.

Chronic heart failure is a long-term condition (months/years) that is 

associated with the heart undergoing adaptive responses (e.g., dilation, 

hypertrophy) to a precipitating condition or pathology. These adaptive 

responses, however, can be deleterious in the long-term and lead to a 

worsening condition

https://www.cvphysiology.com/cad/cad011


Classes of Drugs Used to Treat Heart Failure
Because heart failure is a complex condition that affects other systems of the body, multiple drugs 
are often administered. Treatment may include diuretic drugs to reduce blood volume and venous 
pressures, vasodilator drugs to reduce arterial afterload and venous pressures, and drugs that 
stimulate or inhibit cardiac function. Ancillary drugs may also be given to suppress arrhythmias, 
inhibit clotting mechanisms, or alter glucose handling. 
Diuretics
- thiazide diuretics
- loop diuretics
- aldosterone antagonists
Vasodilators (dilate arteries and veins)
- angiotensin converting enzyme (ACE) inhibitors
- angiotensin receptor blockers (ARBs)
- direct acting arterial dilators
- nitrodilators
- neprilysin inhibitors
- phosphodiesterase inhibitors
Cardiostimulatory or inotropic drugs (stimulate contractility)
- digitalis
- beta-agonists (sympathomimetic drugs)
- phosphodiesterase inhibitors
Cardioinhibitory
- beta-blockers
- calcium-channel blockers (for diastolic dysfunction)

https://cvpharmacology.com/diuretic/diuretics
https://cvpharmacology.com/diuretic/diuretics
https://cvpharmacology.com/diuretic/diuretics
https://cvpharmacology.com/diuretic/mra
https://cvpharmacology.com/vasodilator/vasodilators
https://cvpharmacology.com/vasodilator/ace
https://cvpharmacology.com/vasodilator/arb
https://cvpharmacology.com/vasodilator/direct
https://cvpharmacology.com/vasodilator/nitro
https://cvpharmacology.com/diuretic/natriuretics-and-neprilysin-inhibitors
https://cvpharmacology.com/vasodilator/pdei
https://cvpharmacology.com/cardiostimulatory/cardiostimulatory
https://cvpharmacology.com/cardiostimulatory/digitalis
https://cvpharmacology.com/cardiostimulatory/beta-agonist
https://cvpharmacology.com/vasodilator/pdei
https://cvpharmacology.com/cardioinhibitory/cardioinhibitory
https://cvpharmacology.com/cardioinhibitory/beta-blockers
https://cvpharmacology.com/vasodilator/ccb


فئات الأدوية المستخدمة لعلاج قصور القلب
قد . ة متعددةنظرًا لأن قصور القلب حالة معقدة تؤثر على أجهزة أخرى في الجسم، فغالباً ما ت عطى أدوي

يل الحمل يشمل العلاج مدرات البول لتقليل حجم الدم والضغط الوريدي، وموسعات الأوعية الدموية لتقل

الشرياني والضغط الوريدي،

الألدوستيرونمضادات -العرويةمدرات البول -الثيازيديةمدرات البول -مدرات البول 

(  توسع الشرايين والأوردة)موسعات الأوعية الدموية 
(  ACE)للأنجيوتنسينمثبطات الإنزيم المحول -

(  ARBs)الأنجيوتنسينحاصرات مستقبلات --

النيتروموسعات -موسعات الشرايين ذات التأثير المباشر --

النيبريليزينمثبطات --

الفوسفوديستيرازمثبطات --

الديجيتال-( تحفز الانقباض)الأدوية المحفزة للقلب أو المؤثرة في التقلص العضلي -

(  الأدوية المحاكية للودي)ناهضات بيتا --

الفوسفوديستيرازمثبطات --

ج خلل لعلا)حاصرات قنوات الكالسيوم -حاصرات التيار المتردد -حاصرات بيتا -مثبطات القلب -

(الانبساط



Besides the above drug classes, recent clinical trials support the use of a 
sodium-glucose cotransporter 2 inhibitors (SGLT2I) such as empagliflozin. 
Although this drug class is used in the treatment of diabetes, it has also been 
found to improve outcomes in HFpEF patients (both diabetic and non-
diabetic), and in patients with mildly reduced ejection fractions (HFmrEF; 41-
49%). Besides lowering plasma glucose, SGLT2I drugs act on the kidneys to 
promote natriuresis and diuresis, both of which are beneficial in heart failure. 
Arterial stiffness is reduced and diastolic function is improved.



The Pharmacologic Treatment of Pulmonary 

Hypertension
Rationale for Pharmacologic Treatment
If pulmonary arterial hypertension (PAH) has an identifiable cause, 

then measures can be taken to correct the underlying problem. If the 

diagnosis is primary PAH, or treating the cause of the secondary 

PAH does not restore normal pulmonary artery pressure, then 

pharmacologic intervention is required to reduce the pressure. This is 

done by using vasodilator drugs to decrease pulmonary vascular 

resistance and lower the pressure. Adjunctive therapy may 

include diuretics to reduce blood volume, which decreases central 

venous pressure and right ventricular stroke volume, as well as 

reduce some signs and symptoms of edema and shortness of breath 

associated with PAH. Anticoagulants are administered to prevent 

the formation of pulmonary thrombi.

https://cvpharmacology.com/clinical-topics/pulmonary%20hypertension-2
https://cvpharmacology.com/clinical-topics/pulmonary%20hypertension-2
https://cvpharmacology.com/diuretic/diuretics


Drugs Used to Treat Pulmonary Hypertension
Classes of drugs used in the treatment of pulmonary arterial 

hypertension (PAH) are listed below.

•Diuretics
- thiazide diuretics

- loop diuretics

•Vasodilators
- calcium-channel blockers

- prostacyclin agonists

- endothelin receptor antagonists

- inhaled nitric oxide

- soluble guanylyl cyclase stimulators

- cGMP phosphodiesterase (PDE5) inhibitors

https://cvpharmacology.com/diuretic/diuretics
https://cvpharmacology.com/diuretic/diuretics
https://cvpharmacology.com/diuretic/diuretics
https://cvpharmacology.com/vasodilator/vasodilators
https://cvpharmacology.com/vasodilator/ccb
https://cvpharmacology.com/vasodilator/prostacyclin
https://cvpharmacology.com/vasodilator/et-blockers
https://cvpharmacology.com/vasodilator/nitro
https://cvpharmacology.com/vasodilator/nitro
https://cvpharmacology.com/vasodilator/pdei


Endothelin Receptor Antagonists
General Pharmacology

Endothelin- 1TE(-1a si ) 21 amino acid peptide that is 

produced by the vascular endothelium  It is a very potent 

vasoconstrictor that binds to smooth muscle endothelin 

receptors, of which there are two subtypes: ETA and 

ETB receptors. These receptors are coupled to a Gq-

protein and receptor activation leads to the formation of IP 3 ,

 cimsalpocras eht yb muiclac fo esaeler eht sesuac hcihw

 noitcartnoc elcsum htooms desaercni dna )RS( muluciter

TE osla era erehT .noitcirtsnocosav dnaB eht no srotpecer

fo noitamrof eht etalumits taht muilehtodneedixo cirtin ,

 htooms fo ecnesba eht ni noitalidosav secudorp hcihw

TE elcsumATE dnaB rotpecer sihT .noitavitca rotpecer

TE taht nonemonehp eht nialpxe ot spleh noitubirtsid-1

administration causes transient vasodilation (initial 

endothelial ETB activation) and hypotension, followed by 

prolong vasoconstriction (smooth muscle ETA and 

ETB activation) and hypertension.

ET-1 receptors in the heart are also linked to the Gq-protein 

and IP 3TE ,eroferehT  yawhtap noitcudsnart langis-1 in the 

heart causes the SR to release calcium, which increases 

contractility. ET-1 also increases the heart rate

https://cvphysiology.com/blood-pressure/bp026
https://cvphysiology.com/blood-flow/bf011


ية يتم إنتاجه بواسطة بطانة الأوعية الدموأمينياًحمضًا 21مكون من ببتيدهو ( ET-1)1-إندوثيلين

وجد منها نوعان العضلات الملساء، والتي يإندوثيلينوهو مضيق للأوعية قوي جدًا يرتبط بمستقبلات 
ويؤدي تنشيط المستقبل إلى Gqترتبط هذه المستقبلات ببروتين . ETBوETAمستقبلات : فرعيان

وزيادة تقلص ( SR)الساركوبلازمية، مما يتسبب في إطلاق الكالسيوم بواسطة الشبكة IP3تكوين 

على بطانة الأوعية الدموية تحفز ETBتوجد أيضًا مستقبلات . العضلات الملساء وتضيق الأوعية

ETBوETAلات ، مما ينتج عنه توسع الأوعية الدموية في غياب تنشيط مستقبالنيتريكتكوين أكسيد 
.  للعضلات الملساء

في توسع الأوعية الدموية ET-1يساعد توزيع المستقبلات هذا في تفسير الظاهرة التي تسببها إدارة 

ل وانخفاض ضغط الدم، يليه انقباض الأوعية الدموية المطو( الأوليالبطانيETBتنشيط )المؤقت 

في القلب ET-1ترتبط مستقبلات . وارتفاع ضغط الدم( في العضلات الملساءETBوETAتنشيط )

للكالسيوم، مما SRفي القلب في إطلاق ET-1لذلك، يتسبب . IP3وGqأيضًا بمسار نقل إشارة بروتين 

.من معدل ضربات القلبET-1كما يزيد . يزيد من الانقباض



Therapeutic Indications
Because of its powerful vasoconstrictor properties, and its effects on intracellular 

calcium, ET-1 has been implicated in the pathogenesis of hypertension, coronary 

vasospasm, and heart failure. Many studies suggest a role for ET-1 in idiopathic 

pulmonary hypertension, as well as in systemic hypertension. ET-1 is released by 

the failing myocardium, where it may contribute to cardiac calcium overload and 

hypertrophy.

Endothelin receptor antagonists, by blocking the vasoconstrictor and cardiotonic 

effects of ET- 1 rotpecer nilehtodnE .noitibihni caidrac dna noitalidosav ecudorp ,

 ni scimanydomeh evorpmi dna ytilatrom esaerced ot nwohs neeb evah stsinogatna

eruliaf traeh fo sledom latnemirepxe.

At present, the one approved indication for endothelin antagonists is pulmonary 

hypertension

https://cvpharmacology.com/clinical-topics/hypertension
https://cvpharmacology.com/clinical-topics/angina
https://cvpharmacology.com/clinical-topics/heart-failure
https://cvpharmacology.com/clinical-topics/pulmonary-hypertension


دواعي الاستعمال العلاجية 
قد ثبت تورط نظرًا لخصائصه القوية كمضيق للأوعية الدموية، وتأثيراته على الكالسيوم داخل الخلايا، ف

ET-1في التسبب في ارتفاع ضغط الدم، وتشنج الأوعية التاجية، وفشل القلب.

فاع مجهول السبب، وكذلك في ارتفي ارتفاع ضغط الدم الرئويET-1تشير العديد من الدراسات إلى دور 

.  الجهازيضغط الدم 
لقلب بواسطة عضلة القلب الفاشلة، حيث قد يساهم في زيادة تحميل الكالسيوم في اET-1يتم إطلاق 

.وتضخمه
المضيق للأوعية الدموية والمقوي ET-1، عن طريق منع تأثيرات الإندوثيلينتنتج مضادات مستقبلات 

تقلل من الوفيات يلينالإندوثوقد ثبت أن مضادات مستقبلات . للقلب، توسعاً للأوعية الدموية وتثبيطًا للقلب

.وتحسن ديناميكا الدم في النماذج التجريبية لقصور القلب

.ويهو ارتفاع ضغط الدم الرئالإندوثيلينفي الوقت الحالي، فإن المؤشر الوحيد المعتمد لمضادات 



Specific Drugs
Bosentan, a non-selective ET-1 receptor antagonist (blocks ETA and 
ETB receptors) is currently used in the treatment of pulmonary 
hypertension.
Macitentan is a similar non-selective antagonist, but with a longer 
half-life than bosentan. 
Another drug also used for pulmonary hypertension is
ambrisentan, which is a selective ETA receptor antagonist.
Side Effects and Contraindications
Some of the endothelin antagonist side effects are common to 
most vasodilators; namely, headache, cutaneous flushing, and 
peripheral edema. This class of drug may cause birth defects and 
therefore is contraindicated in pregnancy. These drugs can also 
can cause liver injury



، ي ستخدم حالياً (ETBوETAيحجب مستقبلات )ET-1وهو مضاد غير انتقائي لمستقبلات بوسنتانأ

.  في علاج ارتفاع ضغط الدم الرئوي

.بوسنتانهو مضاد غير انتقائي مشابه، ولكن بعمر نصف أطول من ماسيتينتان

.ETAوهو مضاد انتقائي لمستقبلات أمبريسنتان

:الآثار الجانبية وموانع الاستعمال 

داع، شائعة لدى معظم موسعات الأوعية الدموية؛ وهي الصالإندوثيلينبعض الآثار الجانبية لمضادات 

نع استخدامها قد تسبب هذه الفئة من الأدوية عيوباً خلقية، وبالتالي ي م. الطرفيةوالوذمةواحمرار الجلد، 

.كما يمكن أن تسبب هذه الأدوية تلفاً في الكبد. أثناء الحمل



The Pharmacologic Treatment of Systemic 

Hypertension - Antihypertensive Drugs

Rationale for Pharmacologic Treatment of 

Hypertension
Patients with primary hypertension are treated with drugs that 

1) reduce blood volume (which reduces central venous pressure and 

cardiac output),

2) reduce systemic vascular resistance, or 

3) reduce cardiac output by depressing heart rate and stroke volume. 

Patients with secondary hypertension are best treated by 

controlling or removing the underlying disease or pathology, 

although they may still require antihypertensive drugs.

https://www.cvphysiology.com/blood-pressure/bp024
https://www.cvphysiology.com/blood-pressure/bp023


Rationale for Reducing

Arterial Pressure
Reduce Cardiac Output

•Reduce blood volume

•Reduce heart rate

•Reduce stroke volume

Reduce Systemic Vascular Resistance

•Dilate systemic vasculature



Arterial pressure can be reduced by decreasing cardiac output, systemic 

vascular resistance, or central venous pressure. 

Venous pressure and cardiac output can be decreased by using 

drugs that reduce blood volume. These drugs (diuretics) act on the 

kidneys to enhance sodium and water excretion. Reducing blood 

volume not only reduces central venous pressure, but reduces 

cardiac output by the Frank-Starling mechanism because of the 

reduction in ventricular preload. 

An added benefit of these drugs is that they also reduce systemic 

vascular resistance with long-term use by mechanisms that are not fully 

understood.

https://www.cvphysiology.com/cardiac-function/cf001
https://www.cvphysiology.com/blood-pressure/bp021
https://www.cvphysiology.com/blood-pressure/bp020
https://www.cvphysiology.com/blood-pressure/bp025
https://cvpharmacology.com/diuretic/diuretics
https://www.cvphysiology.com/cardiac-function/cf003
https://www.cvphysiology.com/cardiac-function/cf007


Many antihypertensive drugs have their primary action on systemic 

vascular resistance. 

Some of these drugs produce vasodilation by interfering with 

sympathetic adrenergic vascular tone (sympatholytics) 

or by blocking the formation of angiotensin II or its vascular 

receptors. 

Other drugs are direct arterial dilators,

and some are mixed arterial and venous dilators. 

Some drugs that act on regions in the brain ("centrally acting") or on 

autonomic ganglia that inhibit sympathetic efferent activity. 

However, these drugs are less commonly used because of a high 

incidence of side effects. By reducing sympathetic output, centrally acting 

drugs and ganglionic blockers decrease arterial pressure by decreasing 

systemic vascular resistance and cardiac output.



Some antihypertensive drugs, most notably beta-blockers, depress 

heart rate and contractility (this decreases stroke volume) by 

blocking the influence of sympathetic nerves on the heart. 

Calcium-channel blockers, especially non-dihydropyridines that are 

more cardioselective, also reduce cardiac output by decreasing heart 

rate and contractility. 

Some calcium-channel blockers (most notably the dihydropyridines) 

are more selective for systemic vasculature and therefore reduce 

systemic vascular resistance.



Drugs Used to Treat Hypertension
Classes of drugs used in the treatment of hypertension are listed below. 

It is important to note that listing all these classes of drugs does not imply 

that all are equally effective and safe in all patients. In fact, for most 

patients with essential hypertension, the most commonly used drug 

classes 

("first-line therapy") are :

thiazide diuretics, 

angiotensin converting enzyme inhibitors 

or angiotensin receptor blockers, 

and calcium-channel blockers. 

Co-morbidities (e.g., stroke, heart failure, valvular disease, renal 

disease) also play a role in deciding which class of drug to use for 

treating hypertension.



•Diuretics
- thiazide diuretics

- loop diuretics

- potassium-sparing diuretics

•Vasodilators
- alpha-adrenoceptor antagonists (alpha-blockers)

- angiotensin converting enzyme inhibitors (ACE inhibitors)

- angiotensin receptor blockers (ARBs)

- calcium-channel blockers

- direct acting arterial dilators

- ganglionic blockers

- nitrodilators

- potassium-channel openers

- renin inhibitors

•Cardioinhibitory drugs
- beta-blockers

- calcium-channel blockers

•Centrally acting sympatholytics

https://cvpharmacology.com/diuretic/diuretics
https://cvpharmacology.com/diuretic/diuretics
https://cvpharmacology.com/diuretic/diuretics
https://cvpharmacology.com/diuretic/diuretics
https://cvpharmacology.com/vasodilator/vasodilators
https://cvpharmacology.com/vasodilator/alpha
https://cvpharmacology.com/vasodilator/ace
https://cvpharmacology.com/vasodilator/arb
https://cvpharmacology.com/vasodilator/ccb
https://cvpharmacology.com/vasodilator/direct
https://cvpharmacology.com/vasodilator/ganglionic-blockers
https://cvpharmacology.com/vasodilator/nitro
https://cvpharmacology.com/vasodilator/k-openers
https://cvpharmacology.com/vasodilator/renin
https://cvpharmacology.com/cardioinhibitory/cardioinhibitory
https://cvpharmacology.com/cardioinhibitory/beta-blockers
https://cvpharmacology.com/vasodilator/ccb
https://cvpharmacology.com/vasodilator/central-acting


The Pharmacologic Treatment of 

Hypotension
Causes of Hypotension:

Reduced Cardiac Output

•Hypovolemia

•Impaired venous return

•Reduced cardiac contractility

•Arrhythmias

•Autonomic dysfunction

Reduced Systemic Vascular Resistance

•Systemic vasodilation

•Autonomic dysfunction



Hypotension is a physiologic state in which the arterial blood 

pressure is abnormally low. For an adult, hypotension exists when 

the systolic pressure is less than 90 mmHg and the diastolic 

pressure is less than 60 mmHg. Because arterial pressure is 

determined by cardiac output, venous pressure and systemic 

vascular  , a reduction in any of these variables can lead to 

hypotension.



Causes of hypotension include:

•Hypovolemia caused by hemorrhage or dehydration (reduces 

venous pressure and cardiac output).
•Impaired venous return caused by postural changes, gravitational 

forces, or venous obstruction (reduces venous pressure and cardiac 

output).

•Reduced cardiac contractility caused by heart failure, myocardial 

ischemia, or autonomic dysfunction (reduces cardiac output).
•Arrhythmias that reduce heart rate or impair ventricular filling (reduce 

cardiac output)

•Reduced systemic vascular resistance because of loss of sympathetic 

tone caused by drugs, autonomic dysfunction, or vasodilation caused by 

sepsis (septic shock) or anaphylaxis



The Pharmacologic Treatment of Edema
Edema is the swelling of tissues that occurs when excessive fluid 

accumulates within the tissue. Fluid comprising water and 

electrolytes, with a very small amount of protein and other 

macromolecules, normally leaves capillaries and small postcapillary

venules by a process called filtration. Filtration is primarily driven by 

the capillary hydrostatic pressure, and the capillary plasma oncotic

pressure (osmotic pressure exerted by plasma proteins) counteracts 

capillary filtration. The amount filtered per unit time is additionally 

influenced by the permeability of the vessel wall (endothelium and 

basement membrane). for more details on the physical forces 

involved in filtration). The fluid that filters into the tissue flows within 

the intercellular space (the interstitium) and most of it is reabsorbed at 

the venular end of capillaries where the hydrostatic pressure is lower 

than the plasma oncotic pressure. The filtered fluid that is not 

reabsorbed is taken up by lymphatic vessels and returned to the 

circulation.

https://cvphysiology.com/microcirculation/m010


Edema (interstitial fluid accumulation) may be caused by:
•Increased capillary hydrostatic pressure (as occurs when venous 

pressures become elevated by gravitational forces, volume expanded 

states, in heart failure or with venous obstruction)
•Decreased plasma oncotic pressure (as occurs with hypoproteinemia)

•Increased capillary permeability caused by proinflammatory mediators 

(e.g., histamine, bradykinin) or by damage to the structural integrity of 

capillaries so that they become more "leaky" (as occurs in tissue trauma, 

burns, and severe inflammation)

•Lymphatic obstruction (as occurs in filariasis) that results in a condition 

termed lymphedema

https://cvphysiology.com/microcirculation/m012
https://cvphysiology.com/microcirculation/m012
https://cvphysiology.com/microcirculation/m011


The most common cause of edema in patients with cardiovascular 

disorders is heart failure. In left ventricular failure, blood backs up into the 

pulmonary circuit. This increase in pulmonary blood volume (i.e., 

pulmonary congestion) leads to increased pulmonary capillary 

hydrostatic pressures and fluid filtration into the lungs. This is termed 

pulmonary edema and can be life-threatening. As left ventricular failure 

becomes more severe, or during isolated right ventricular failure, blood 

backs up into the systemic venous circulation. This elevates venous 

pressures and capillary hydrostatic pressures, which can lead to edema, 

especially in the feet and legs. Sometimes fluid will accumulate in the 

abdominal cavity, causing ascites. It is important to note that heart failure 

patients, because of activation of the renin-angiotensin-aldosterone

system, retain sodium and water. This increases circulating blood volume 

and further increases venous and capillary hydrostatic pressures, which 

enhance edema formation.

https://cvpharmacology.com/clinical-topics/heart-failure
https://cvphysiology.com/blood-pressure/bp015


Sometimes patients with severe hypertension will also present with 

systemic edema because of elevated capillary pressures, although it is 

important to note that capillary pressure is far more sensitive to 

elevations in venous pressure than to elevations in arterial pressure.

Finally, edema can be a side effect of vasodilator drugs that are used to 

treat hypertension. Vasodilation of precapillary resistance vessels 

increases downstream capillary hydrostatic pressure and fluid filtration.

https://cvphysiology.com/microcirculation/m012


Drug Treatment for Edema
Edema is treated by manipulating the physical factors that cause edema. 

Most commonly, this is done by giving diuretics to stimulate renal 

excretion of sodium and water, which reduces blood volume and venous 

and capillary pressures. Improving cardiac function in heart failure 

patients will also contribute to reducing venous pressures and edema. If 

other mechanisms are involved in causing the edema, such as lymphatic 

blockage, varicose veins, venous thrombosis, tissue damage or 

inflammation, these conditions can be corrected by other interventions

https://cvpharmacology.com/diuretic/diuretics


Cardioinhibitory Drugs

Therapeutic Uses of Cardioinhibitory Drugs

•Hypertension

•Angina

•Arrhythmias
•Heart failure (β-blockers only)



Cardioinhibitory drugs depress cardiac function by decreasing heart 

rate (chronotropy), myocardial contractility (inotropy), or both, which 

decreases cardiac output and arterial pressure. 

These cardiac changes reduce the work of the heart and therefore 

decrease myocardial oxygen consumption.

The mechanisms of action of these drugs also lead to

depressed electrical conduction (dromotropy) within the heart. 

Some of these drugs may also impair relaxation (lusitropy).

The mechanical and metabolic effects of these drugs make them 

very suitable for treating hypertension, angina caused by coronary 

artery disease, and myocardial infarction. Their effects on electrical 

activity make them good candidates for treating cardiac 

arrhythmias. Finally, some cardioinhibitory drugs, notably 

certain beta-blockers and ivabradine, are used in the treatment of 

heart failure.

https://cvphysiology.com/cardiac-function/cf001
https://cvphysiology.com/blood-pressure/bp002
https://cvphysiology.com/cad/cad003
https://cvphysiology.com/arrhythmias/a003
https://cvpharmacology.com/cardioinhibitory/beta-blockers


Hypertension

Hypertension is defined as an arterial systolic pressure greater than 140 

mmHg and/or a diastolic pressure greater than 90 mmHg. Hypertension 

can be caused by either an increase in cardiac output or by an increase 

in systemic vascular resistance. It is not uncommon for hypertension to 

be caused by elevations in both. Since cardiac output is the product of 

heart rate and stroke volume, cardioinhibitory drugs that reduce either or 

both will decrease cardiac output and decrease arterial pressure.

https://cvpharmacology.com/clinical-topics/hypertension
https://cvphysiology.com/cardiac-function/cf001
https://cvphysiology.com/blood-pressure/bp021


Angina and myocardial infarction

Cardioinhibitory drugs, by reducing heart rate, contractility, and arterial 

pressure, reduce the work of the heart and the oxygen demand of the 

heart. By reducing oxygen demand, the oxygen supply/demand ratio is 

improved, which can relieve a patient of anginal pain that is caused by 

a reduction in the oxygen supply/demand ratio because of coronary 

artery disease. Furthermore, cardioinhibitory drugs that block beta-

adrenoceptors are very important in treating myocardial infarction. 

Their benefit is derived not only from improving the oxygen 

supply/demand ratio but also from their ability to inhibit subsequent 

cardiac remodeling.

https://cvphysiology.com/cad/cad006
https://cvpharmacology.com/clinical-topics/angina


Arrhythmias

Because cardioinhibitory drugs alter pacemaker activity and 

electrical conduction within the heart, they are useful for 

treating arrhythmias caused by both abnormal 

automaticity and abnormal conduction.

https://cvphysiology.com/arrhythmias/a008
https://cvphysiology.com/arrhythmias/a008a
https://cvphysiology.com/arrhythmias/a008b


Heart failure

Although it seems counterintuitive that cardioinhibitory drugs would be 

used in heart failure, clinical studies have shown conclusively that beta-

blockers improve cardiac function in certain types of heart failure. 

Furthermore, they have been shown to reduce deleterious cardiac 

remodeling that occurs in chronic heart failure. The benefit of beta-

blockers may be derived from their blockade of excessive sympathetic 

stimulation of the heart, which is known to be harmful to the failing heart.

Another drug used in some heart failure patients is ivabradine. This 

relatively new drug blocks sinoatrial "funny" currents that are responsible 

for generating pacemaker currents controlling heart rate. By blocking 

these currents, ivabradine reduces heart rate and myocardial 

oxygen demand, which is beneficial in heart failure patients. 

Although beta-blockers also reduce heart rate, their actions on 

beta-adrenoceptors can also depress inotropy. Therefore, 

ivabradine acts as a "pure" heart rate reducing drug.

https://cvpharmacology.com/clinical-topics/heart-failure
https://www.cvphysiology.com/arrhythmias/a004


Drug Classes and General Mechanisms
•Beta-blockers

•Calcium-channel blockers

•Centrally-acting sympatholytics

Cardioinhibitory drugs can be divided into three mechanistic classes: 

beta-adrenoceptor antagonists (beta-blockers), calcium-channel 

blockers, and centrally acting sympatholytics.



Beta-blockers

Beta-blockers bind to beta-adrenoceptors in cardiac nodal tissue, the 

conducting system, and contracting myocytes. The heart has 

both beta1 )β1) and beta2 )β2) adrenoceptors, although the 

predominant receptor type in number and function is β1. These 

receptors primarily bind norepinephrine that is released 

from sympathetic adrenergic nerves. Additionally, they bind 

norepinephrine and epinephrine that circulate in the blood. Beta-

blockers prevent the normal ligand (norepinephrine or epinephrine) 

from binding to the beta-adrenoceptor by competing for the binding 

site. Because there is some level of sympathetic tone on the heart, 

beta-blockers can reduce sympathetic influences that normally 

stimulate chronotropy, inotropy, dromotropy and lusitropy. These 

drugs have an even greater effect when there is elevated 

sympathetic activity. Beta-blockers that are used clinically are either 

non-selective )β1/β2( blockers, or relatively selective β1 blockers. 

Some beta-blockers have additional mechanisms of action besides 

beta-blockade. Beta-blockers are used for treating hypertension, 

angina, myocardial infarction, and arrhythmias.

https://cvpharmacology.com/cardioinhibitory/beta-blockers
https://cvpharmacology.com/cardioinhibitory/beta-blockers
https://cvpharmacology.com/norepinephrine
https://cvpharmacology.com/autonomic-ganglia
https://cvpharmacology.com/norepinephrine


Calcium-channel blockers

Calcium-channel blockers (CCBs) bind to L-type calcium channels on 

cardiac myocytes and cardiac nodal tissue (sinoatrial and atrioventricular

nodes). These channels regulate the influx of calcium into cardiomyocytes, 

which stimulates cardiac myocyte contraction. In cardiac nodal tissue, L-

type calcium channels play an important role in pacemaker currents and in 

phase 0 of the action potentials. Therefore, by blocking calcium entry into 

the cell, CCBs decrease myocardial force generation (negative inotropy), 

decrease heart rate (negative chronotropy), and decrease conduction 

velocity within the heart (negative dromotropy) particularly at the 

atrioventricular node. CCBs are used in treating hypertension, angina, 

and arrhythmias.

https://cvpharmacology.com/vasodilator/ccb
https://cvphysiology.com/arrhythmias/a003


Centrally acting sympatholytics

Centrally acting sympatholytics block sympathetic activity by binding to 

and activating alpha2 )α2)-adrenoceptors on cardioregulatory cells within 

the medulla of the brain. This reduces sympathetic outflow to the heart, 

decreasing cardiac output by decreasing heart rate and contractility. 

These drugs are only used for treating hypertension.

https://cvpharmacology.com/vasodilator/central-acting


Vasoconstrictor Drugs
Therapeutic Use and Rationale

As the name implies, vasoconstrictor drugs contract the smooth 

muscle in blood vessels, which causes the vessels to constrict. 

Constriction of arterial (resistance) vessels increases systemic 

vascular resistance, which leads to an increase in arterial blood 

pressure because mean arterial pressure is determined by the 

product of systemic vascular resistance and cardiac output. 

Constriction of venous (capacitance) vessels increases venous blood 

pressure and increases cardiac preload and cardiac output by 

the Frank-Starling mechanism, which increases arterial pressure. 

Because vasoconstrictor drugs increase arterial pressure, they 

comprise a functional group of drugs known as pressor drugs.

https://cvphysiology.com/blood-pressure/bp021
https://www.cvphysiology.com/blood-pressure/bp006
https://cvphysiology.com/blood-pressure/bp020
https://cvphysiology.com/cardiac-function/cf007
https://cvphysiology.com/cardiac-function/cf003
https://cvpharmacology.com/pressor/pressor


Hypotension, which is a systolic pressure of less than 90 mmHg or a diastolic 

pressure less than 60 mmHg, needs to be aggressively treated because blood flow 

to critical organs, particularly the brain, heart and kidneys may become 

compromised to an extent that organ failure and death occur. Although 

vasoconstrictors can elevate arterial pressure, there is a drawback to their use. 

Unless cardiac output is increased at the same time systemic vascular resistance is 

increased, blood flow to some organs may actually decrease. The reason for this is 

that if the vascular resistance of an organ increases, for example, by 30% and mean 

arterial pressure increases by 30%, the organ blood flow will not change. If 

resistance is increased in some organs by 50%, and in others by only 10%, yet the 

arterial pressure is increased by 30%, blood flow will be increased to those organs 

that had the smaller increase in resistance because arterial pressure increased 

more than their resistance. This is precisely how pressor drugs can have a benefit in 

treating hypotension. Although blood flow may be reduced in some organs (e.g., to 

the splanchnic and muscle circulations), blood flow to critical organs (e.g., brain, 

heart and kidneys) may actually increase. Part of this benefit may be lost if systemic 

vascular resistance is increased too much with a pressor drug, especially if the 

hypotension is caused by cardiogenic shock, because the increase in ventricular 

afterload will reduce cardiac output. For a greater understanding of the 

hemodynamics associated with regional vasoconstriction, the reader is encouraged 

to read about the significance of the parallel arrangement of vascular beds in the 

body.

https://cvpharmacology.com/clinical-topics/hypotension
https://cvphysiology.com/hemodynamics/h004


Drug Classes, General Mechanisms of Action, 

and Contraindications
There are two general functional classes of vasoconstrictors based on 

their mechanism of action. The first class is sympathomimetic drugs 

that have alpha-adrenoceptor agonist (alpha-agonist) properties. 

Although many sympathomimetics possess other mechanisms that 

contribute to their pressor effects (e.g., beta-adrenoceptor agonist 

activity), a common property of several of these drugs is that they bind 

to alpha-adrenoceptors on vascular smooth muscle, promoting 

smooth muscle contraction. Non-sympathomimetics represent a 

second class of vasoconstrictor drugs. These drugs produce vascular 

smooth muscle contraction by binding to non-adrenergic receptors. For 

example, vasopressin is a powerful vasoconstrictor that binds to non-

adrenergic receptors.

https://cvpharmacology.com/vasoconstrictor/sympathomimetic
https://cvpharmacology.com/vasodilator/alpha


Although vasoconstrictor drugs can effectively increase arterial 

pressure, their vasoconstrictor actions may have adverse effects on 

some patients. For example, alpha-agonists produce systemic 

vasoconstriction, which increases the work and oxygen requirements 

of the heart. If the coronary circulation is impaired, as in patients with 

coronary artery disease, the resulting decrease in myocardial oxygen 

supply/demand ratio can precipitate angina. Likewise, 

vasopressin can produce a powerful vasoconstrictor response, and 

therefore should be administered cautiously to patients with coronary 

artery disease because it constricts coronary arteries 

(reducing oxygen delivery) while simultaneously increasing 

myocardial oxygen demand by increasing arterial pressure

https://cvphysiology.com/cardiac-function/cf019
https://cvphysiology.com/cad/cad006
https://cvpharmacology.com/clinical-topics/angina
https://cvphysiology.com/cad/cad002
https://cvphysiology.com/cad/cad003


Vasopressin Analogs
Vasopressin (arginine vasopressin, AVP; antidiuretic hormone, ADH) is 

a nonapeptide hormone formed in the hypothalamus and released from the 

posterior pituitary. Its primary function in the body is to regulate extracellular 

fluid volume by affecting renal handling of water; however, it also is a potent 

vasoconstrictor.

There are several mechanisms regulating the release of AVP. Hypovolemia, 

as occurs during hemorrhage, results in a decrease in atrial pressure. 

Specialized stretch receptors within the atrial walls and large veins entering 

the atria decrease their firing rate when there is a fall in atrial pressure. 

Afferent nerve fibers from these receptors synapse within the nucleus tractus

solitarius of the medulla, which sends fibers to the hypothalamus, a region of 

the brain that controls AVP release by the pituitary. Atrial receptor firing 

normally inhibits the release of AVP by the posterior pituitary. With 

hypovolemia or decreased central venous pressure, the decreased firing of 

atrial stretch receptors leads to an increase in AVP release. Hypothalamic 

osmoreceptors sense extracellular osmolarity and stimulate AVP release 

when osmolarity rises, as occurs with dehydration. Finally, angiotensin

II receptors in a region of the hypothalamus regulate AVP release – an 

increase in angiotensin II simulates AVP release.

https://cvpharmacology.com/diuretic/diuretics
https://cvphysiology.com/blood-pressure/bp016
https://www.cvphysiology.com/blood-pressure/bp008
https://cvphysiology.com/blood-pressure/bp015


AVP has two principal sites of action: the kidney 

and blood vessels. The most important 

physiological action of AVP is to increase water 

reabsorption in the kidneys by increasing water 

permeability in the collecting duct, permitting the 

formation of more concentrated urine. This is the 

antidiuretic effect of AVP and it acts through 

vasopressin type 2 (V2) receptors coupled to 

adenylyl cyclase. AVP also constricts arterial 

blood vessels by binding to V1 receptors, which 

are coupled to the Gq-protein and the IP3 signal 

transduction pathway. The Rho-kinase pathway is 

also activated and contributes to the smooth 

muscle contraction. Normal physiological 

concentrations of AVP are below its vasoactive

range; however, in hypovolemic shock when AVP 

release is very high, AVP contributes to the 

compensatory increase in systemic vascular 

resistance.

https://cvphysiology.com/blood-pressure/bp026
https://cvphysiology.com/blood-pressure/bp021


Specific Drugs
Arginine vasopressin (AVP) is used in the treatment of patients in shock. 

Terlipressin (triglycyl lysine vasopressin) is a long-acting vasopressin 

analog that is under clinical investigation. In contrast to AVP, this analog 

has a relatively higher affinity for vascular V1 receptors than for renal 

V2 receptors.



Therapeutic Uses
The main uses of AVP are for treating excessive water loss caused 

by diabetes insipidus, for treating bleeding caused by esophageal 

varices, and as a pressor agent in treating septic shock, which is a 

vasodilated, hypotensive condition that can be caused by infection and 

inflammation. Infusion of AVP in septic shock increases systemic 

vascular resistance and elevates arterial pressure. AVP should be 

considered when fluids and other vasopressor agents 

(e.g., vasoconstrictor catecholamines) cannot restore arterial pressure to 

an adequate level. Some studies have shown that low-dose infusions AVP 

(which are used in septic shock) also cause cerebral, pulmonary and 

renal dilation (mediated by endothelial release of nitric oxide). The overall 

effect is an increase in systemic vascular resistance. AVP is also being 

investigated for other forms of shock, such as cardiogenic and 

hypovolemic (hemorrhagic) shock, but its benefit is less clear than for 

septic shock.

https://cvpharmacology.com/vasoconstrictor/alpha-agonist
https://cvphysiology.com/blood-flow/bf011


Side Effects and Contraindications
Side effects include headache, nausea, bronchoconstriction and 

abdominal cramps. Its antidiuretic effects can lead to water 

intoxication and hyponatremia. Because of AVP's powerful 

constrictor response, it should be administered cautiously to patients 

with coronary artery disease because it constricts coronary arteries 

(reducing oxygen delivery) and increases myocardial oxygen 

demand by increasing afterload on the heart.

https://cvphysiology.com/cad/cad002
https://cvphysiology.com/cad/cad003


Diuretics
General Pharmacology
Renal handling of sodium and water

To understand the action 

of diuretics, it is first 

necessary to review how 

the kidney filters fluid and 

forms urine. The following 

discussion and 

accompanying illustration 

provide a simple overview 

of how the kidney handles 

water and electrolytes. 

For more detailed 

explanation, particularly 

related to ion and fluid 

movement across the 

renal tubular cells, the 

reader should consult a 

physiology textbook.



As blood flows through the kidney, it passes into glomerular capillaries 

located within the cortex (outer zone of the kidney). These glomerular

capillaries are highly permeable to water and electrolytes. Glomerular

capillary hydrostatic pressure drives (filters) water and electrolytes into 

Bowman's space and into the proximal convoluting tubule (PCT). About 

20% of the plasma that enters the glomerular capillaries is filtered (termed 

filtration fraction). The PCT, which lies within the cortex, is the site of 

sodium, water, and bicarbonate transport from the filtrate (urine), across 

the tubule wall, and into the interstitium of the cortex. About 65-70% of the 

filtered sodium is removed from the urine found within the PCT (this is 

termed sodium reabsorption). This sodium is reabsorbed isosmotically, 

meaning that every molecule of sodium that is reabsorbed is accompanied 

by a molecule of water. As the tubule dives into the medulla, or middle 

zone of the kidney, the tubule becomes narrower and forms a loop (Loop of 

Henle) that reenters the cortex as the thick ascending limb (TAL) that 

travels back to near the glomerulus. Because the interstitium of the medulla 

is very hyperosmotic and the Loop of Henle is permeable to water, water is 

reabsorbed from the Loop of Henle and into the medullary interstitium. This 

loss of water concentrates the urine within the Loop of Henle.



The TAL, which is impermeable to water, has a cotransport system that 
reabsorbs sodium, potassium, and chloride at a ratio of 1:1:2. 
Approximately 25% of the sodium load of the original filtrate is 
reabsorbed at the TAL. From the TAL, the urine flows into the distal 
convoluting tubule (DCT), which is another site of sodium transport 
(~5% via a sodium-chloride cotransporter) into the cortical interstitium
(the DCT is also impermeable to water). Finally, the tubule dives back 
into the medulla as the collecting duct and then into the renal pelvis 
where it joins with other collecting ducts to exit the kidney as the 
ureter. The distal segment of the DCT and the upper collecting duct has 
a transporter that reabsorbs sodium (about 1-2% of filtered load) in 
exchange for potassium and hydrogen ion, which are excreted into the 
urine. It is important to note two things about this transporter. First, its 
activity is dependent on the tubular concentration of sodium, so that 
when sodium is high, more sodium is reabsorbed, and more potassium 
and hydrogen ion are excreted



Second, this transporter is regulated by aldosterone, which is a 
mineralocorticoid hormone secreted by the adrenal cortex. Increased 
aldosterone stimulates the reabsorption of sodium, which also increases 
the loss of potassium and hydrogen ion to the urine. Finally, water is 
reabsorbed in the collected duct through special pores that are regulated 
by antidiuretic hormone, which is released by the posterior pituitary. ADH 
increases the permeability of the collecting duct to water, which leads to 
increased water reabsorption, a more concentrated urine and reduced 
urine outflow (antidiuresis). Most of the sodium originally filtered is 
reabsorbed by the kidney, so that less than 1% of originally filtered sodium 
remains in the final urine.

https://cvpharmacology.com/vasoconstrictor/avp


Mechanisms of diuretic drugs
Diuretic drugs increase urine output by the kidney (i.e., promote diuresis). 

This is accomplished by altering how the kidney handles sodium. If the 

kidney excretes more sodium, then water excretion will also increase. Most 

diuretics produce diuresis by inhibiting the reabsorption of sodium at 

different segments of the renal tubular system. Sometimes a combination 

of two diuretics is given because this can be significantly more effective 

than either compound alone (synergistic effect). The reason for this is that 

one nephron segment can compensate for altered sodium reabsorption at 

another nephron segment; therefore, blocking multiple nephron sites 

significantly enhances efficacy.



Loop diuretics inhibit the sodium-potassium-chloride cotransporter

in the thick ascending limb   . This transporter normally reabsorbs 

about 25% of the sodium load; therefore, inhibition of this pump can 

lead to a significant increase in the distal tubular concentration of 

sodium, reduced hypertonicity of the surrounding interstitium, and 

less water reabsorption in the collecting duct. This altered handling 

of sodium and water leads to both diuresis (increased water loss) 

and natriuresis (increased sodium loss). By acting on the thick 

ascending limb, which handles a significant fraction of sodium 

reabsorption, loop diuretics are powerful diuretics. These drugs also 

induce renal synthesis of prostaglandins, which contributes to their 

renal action including the increase in renal blood flow and 

redistribution of renal cortical blood flow. Loop diuretics are the 

most effective diuretic class because their site of action has 

a high capacity for sodium reabsorption. Note that efficacy is 

inversely related to renal function, which can be impaired in heart 

failure.



Thiazide diuretics, which are the most prescribed diuretic, inhibit the 

sodium-chloride transporter in the distal tubule. Because this transporter 

normally only reabsorbs about 5% of filtered sodium, these diuretics are 

less efficacious than loop diuretics in producing diuresis and natriuresis. 

Nevertheless, they are sufficiently powerful to satisfy many therapeutic 

needs requiring a diuretic. Their mechanism depends on renal 

prostaglandin production.

Because loop and thiazide diuretics increase sodium delivery to 

the distal segment of the distal tubule, this increases potassium 

loss (potentially causing hypokalemia) because the increase in distal 

tubular sodium concentration stimulates the aldosterone-sensitive 

sodium pump to increase sodium reabsorption in exchange for 

potassium and hydrogen ion, which are lost to the urine. The 

increased hydrogen ion loss can lead to metabolic alkalosis. Part 

of the loss of potassium and hydrogen ion by loop and thiazide diuretics 

results from activation of the renin-angiotensin-aldosterone system that 

occurs because of reduced blood volume and arterial pressure. 

Increased aldosterone stimulates sodium reabsorption and increases 

potassium and hydrogen ion excretion into the urine.

https://cvphysiology.com/blood-pressure/bp015


There is a third class of diuretic that is functionally referred to 

as potassium-sparing diuretics. Unlike loop and thiazide diuretics, some 

of these drugs do not act directly on sodium transport. Some drugs in this 

class antagonize the actions of aldosterone (aldosterone receptor 

antagonists; (mineralocorticoid receptor antagonists; MRAs) at the 

distal segment of the distal tubule. This causes more sodium (and water) 

to pass into the collecting duct and be excreted in the urine. They are 

called K+-sparing diuretics because they do not produce 

hypokalemia like the loop and thiazide diuretics. The reason for this is 

that by inhibiting aldosterone-sensitive sodium reabsorption, less 

potassium and hydrogen ion are exchanged for sodium by this transporter 

and therefore less potassium and hydrogen are lost to the urine. Other 

potassium-sparing diuretics directly inhibit sodium channels associated 

with the aldosterone-sensitive sodium pump, and therefore have similar 

effects on potassium and hydrogen ion as the aldosterone antagonists. 

Their mechanism depends on renal prostaglandin production. Because 

this class of diuretic has weak effects on overall sodium balance, they are 

often used in conjunction with thiazide or loop diuretics to help prevent 

hypokalemia.

https://cvpharmacology.com/diuretic/mra


Carbonic anhydrase inhibitors inhibit the transport of bicarbonate out 

of the proximal convoluted tubule into the interstitium, which leads to 

less sodium reabsorption at this site and therefore greater sodium, 

bicarbonate, and water loss in the urine. These are the weakest of the 

diuretics and seldom if ever used in cardiovascular disease.



Cardiovascular effects of diuretics
Through their effects on sodium and water balance, diuretics 

decrease blood volume and venous pressure. This decreases 

cardiac filling (preload) and, by the Frank-Starling mechanism, 

decreases ventricular stroke volume and cardiac output, which leads 

to a fall in arterial pressure. The decrease in venous pressure 

reduces capillary hydrostatic pressure, which decreases capillary fluid 

filtration and promotes capillary fluid reabsorption, thereby 

reducing edema if present. There is some evidence that loop diuretics 

cause venodilation, which can contribute to the lowering of venous 

pressure. Long-term use of diuretics results in a fall in systemic 

vascular resistance (by unknown mechanisms) that helps to sustain 

the reduction in arterial pressure.

https://cvphysiology.com/cardiac-function/cf007
https://cvphysiology.com/cardiac-function/cf003
https://cvphysiology.com/cardiac-function/cf002
https://cvphysiology.com/cardiac-function/cf001
https://cvphysiology.com/microcirculation/m012
https://cvphysiology.com/microcirculation/m011
https://cvphysiology.com/microcirculation/m010
https://cvphysiology.com/blood-pressure/bp021


Therapeutic Uses
Hypertension

Most patients with hypertension, of which 90-95% have hypertension of 

unknown origin (primary or essential hypertension), are effectively treated 

with diuretics. Antihypertensive therapy with diuretics is particularly 

effective when coupled with reduced dietary sodium intake. The efficacy of 

these drugs is derived from their ability to reduce blood volume, cardiac 

output, and with long-term therapy, systemic vascular resistance. Thiazide

diuretics, particularly chlorthalidone, are considered "first-line therapy" 

for stage 1 hypertension. Potassium-sparing, aldosterone-blocking 

diuretics (e.g., spironolactone or eplerenone) are used in secondary 

hypertension caused by primary hyperaldosteronism, and 

sometimes as an adjunct to thiazide treatment in primary 

hypertension to prevent hypokalemia.

https://cvpharmacology.com/clinical-topics/hypertension
https://cvpharmacology.com/clinical-topics/hypertension-2


Heart failure

Heart failure leads to activation of the renin-angiotensin-aldosterone

system, which causes increased sodium and water retention by the 

kidneys. This in turn increases blood volume and contributes to the 

elevated venous pressures associated with heart failure, which can lead to 

pulmonary and systemic edema. The primary use for diuretics in heart 

failure is to reduce pulmonary and/or systemic congestion and edema, and 

associated clinical symptoms (e.g., shortness of breath - dyspnea). Long-

term treatment with diuretics may also reduce the afterload on the heart by 

promoting systemic vasodilation, which can lead to improved ventricular 

ejection.

https://cvpharmacology.com/clinical-topics/heart-failure


When treating heart failure with diuretics, care must be taken to not 

unload too much volume because this can depress cardiac output. For 

example, if pulmonary capillary wedge pressure is 25 mmHg (point A in 

figure) and pulmonary congestion is present, a diuretic can safely reduce 

that elevated pressure to a level (e.g., 14 mmHg; point B in figure) that will 

reduce pulmonary pressures without compromising ventricular stroke 

volume. The reason for this is that heart failure caused by systolic 

dysfunction is associated with a depressed, flattened Frank-Starling 

curve. However, if the volume is reduced too much, stroke volume will fall 

because the heart will now be operating on the ascending limb of the 

Frank-Starling relationship. If the heart failure is caused by diastolic 

dysfunction, diuretics must be used very carefully so as to not impair 

ventricular filling. In diastolic dysfunction, ventricular filling requires 

elevated filling pressures because of the reduced ventricular compliance.

Most patients in heart failure are prescribed a loop diuretic because they 

are more effective in unloading sodium and water than thiazide diuretics. 

In mild heart failure, a thiazide diuretic may be used. Potassium-sparing, 

aldosterone-blocking diuretics (e.g., spironolactone) are being used 

increasingly in heart failure.

https://cvphysiology.com/heart-failure/hf008
https://cvphysiology.com/heart-failure/hf005
https://cvphysiology.com/heart-failure/hf006
https://cvphysiology.com/cardiac-function/cf014


Pulmonary and systemic edema

Capillary hydrostatic pressure and therefore capillary fluid filtration is 

strongly influenced by venous pressure  Therefore, diuretics, by reducing 

blood volume and venous pressure, lower capillary hydrostatic pressure, 

which reduces net capillary fluid filtration and tissue edema. Because left 

ventricular failure can cause life-threatening pulmonary edema, most 

heart failure patients are treated with a loop diuretic to prevent or reduce 

pulmonary edema. Diuretics may also be used to treat leg edema caused 

by right-sided heart failure or venous insufficiency in the limb.



Specific Drugs

Class Specific Drugs Comments

Thiazide chlorothiazide primarily used for treating edema

chlorthalidone

thiazide-like in action, not structure; long 

half-life; more effective than 

hydrochlorothiazide in hypertension

hydrochlorothiazide prototypical drug

indapamide

thiazide-like in action, not structure; long 

half-life; more effective than 

hydrochlorothiazide in hypertension

methyclothiazide
thiazide-like in action, not structure; not 

available in U.S.

metolazone
thiazide-like in action, not structure; 

primarily used for treating edema



Loop bumetanide short half-life (~ 1.5 hr); oral and I.V.

ethacrynic acid

non-sulfonamide used in patients with 

sulfa allergy; highest incidence 

of ototoxicity

furosemide

short half-life (~ 1 hr) with normal kidney 

function; relatively low bioavailability 

(~50%) with high intra- and interpatient 

variability

torsemide
slower onset but longer half-life (3-4 hr); 

oral and I.V.



K+-sparing amiloride distal tubule Na+-channel inhibitor

eplerenone

aldosterone receptor antagonist; 

fewer side effects than 

spironolactone

spironolactone
aldosterone receptor antagonist; 

side effect: gynecomastia

triamterene distal tubule Na+-channel inhibitor



Adverse Side Effects and Contraindications

Class Adverse Side Effects Drug Interactions

Thiazide

• hypokalemia
• metabolic alkalosis
• dehydration 

(hypovolemia), leading 
to hypotension

• hyponatremia
• hyperglycemia in 

diabetics
• hypercholesterolemia; 

hypertriglyceridemia
• increased low-density 

lipoproteins
• hyperuricemia (at low 

doses)
• azotemia (in renal 

disease patients)

• hypokalemia potentiates 
digitalis toxicity

• non-steroidal anti-
inflammatory drugs: 
reduced diuretic efficacy

• beta-blockers: potentiate 
hyperglycemia, 
hyperlipidemias

• corticosteroids: enhance 
hypokalemia



Loop

• hypokalemia
• metabolic alkalosis
• hypomagnesemia
• hyperuricemia
• dehydration (hypovolemia), 

leading to hypotension
• dose-related hearing loss 

(ototoxicity)

• hypokalemia potentiates 
digitalis toxicity

• non-steroidal anti-
inflammatory drugs: 
reduced diuretic efficacy

• corticosteroids: enhance 
hypokalemia

• aminoglycosides: enhance 
ototoxicity, nephrotoxicity



K+-sparing

• hyperkalemia
• metabolic acidosis
• gynecomastia (aldosterone

antagonists)
• gastric problems including 

peptic ulcer

• ACE inhibitors: 
potentiate 
hyperkalemia

• non-steroidal anti-
inflammatory drugs: 
reduced diuretic 
efficacy



Natriuretic Peptides and Neprilysin Inhibitors

Natriuretic Peptide Formation and Metabolism



Natriuretic peptides (NPs) are peptide hormones that are 

synthesized by the heart, brain,
and other organs. Their formation in the heart is stimulated by cardiac 

chamber distension, angiotensin II, endothelin, and sympathetic nerve 

activity (beta-adrenoceptor mediated). Formation occurs in 

cardiomyocytes from larger peptide precursors (prepro-NP and pro-NP). 

After release by the cells, these NPs circulate to their target tissues 

where they bind to NPR-A receptors that are linked to guanylyl cyclase
and the formation of cGMP.

Atrial natriuretic peptide (ANP) is a 28 amino acid peptide that is 

synthesized, stored, and released by atrial myocytes. Therefore, 

elevated levels of ANP are found during hypervolemic states 
(elevated blood volume) and congestive heart failure.

Brain-type natriuretic peptide (BNP; 32 amino acids), although first 

identified in the brain, is primarily produced by ventricular tissue in 

the heart, and like ANP, there is enhanced synthesis and release of 
BNP during heart failure. Neutral endopeptidase (neprilysin) is a 

circulating enzyme that degrades natriuretic peptides. Therefore, 

inhibition of this enzyme increases circulating levels of NPs and 
enhances their effects.

https://cvphysiology.com/blood-pressure/bp015
https://cvphysiology.com/blood-flow/bf012
https://cvphysiology.com/blood-pressure/bp008
https://cvpharmacology.com/cardiostimulatory/beta-agonist
https://cvphysiology.com/blood-pressure/bp017
https://cvphysiology.com/heart-failure/hf003
https://www.cvphysiology.com/blood-pressure/bp017


Cardiovascular and Renal

Actions of Natriuretic Peptides
•Natriuresis

•Diuresis

•Improve glomerular filtration rate

& filtration fraction

•Inhibit renin release

- ↓ circulating angiotensin II

- ↓ circulating aldosterone

•Systemic vasodilation

•Arterial hypotension

•Reduced venous pressure

•Reduced pulmonary capillary

wedge pressure



Natriuretic peptides are involved in the long-term regulation of sodium and 
water balance, blood volume and arterial pressure. These peptide 
hormones decrease aldosterone release by the adrenal cortex, increase 
glomerular filtration rate (GFR) and filtration fraction, produce natriuresis
and diuresis (potassium sparing), and decrease renin release, decreasing 
circulating levels of angiotensin II. These actions contribute to a reduction 
in blood volume and therefore central venous pressure (CVP), pulmonary 
capillary wedge pressure, cardiac output, and arterial blood pressure. 
Chronic elevations of ANP appear to decrease arterial blood pressure 
primarily by decreasing systemic vascular resistance. The mechanism of 
systemic vasodilation involves ANP receptor-mediated elevations in 
vascular smooth muscle cGMP and by attenuating sympathetic vascular 
tone. This latter mechanism may involve ANP acting upon sites within the 
central nervous system, as well as through inhibition of norepinephrine
release by sympathetic nerve terminals. To summarize, natriuretic peptides 
serve as a counter-regulatory system for the renin-angiotensin-
aldosterone system

https://cvphysiology.com/blood-pressure/bp015
https://cvphysiology.com/blood-pressure/bp015
https://cvphysiology.com/blood-pressure/bp015
https://cvphysiology.com/blood-pressure/bp020
https://cvphysiology.com/heart-failure/hf008
https://cvphysiology.com/cardiac-function/cf001
https://cvphysiology.com/blood-pressure/bp006
https://cvphysiology.com/blood-pressure/bp017


Therapeutic Use of Natriuretic Peptides in Heart Failure
Heart failure leads to activation of the renin-angiotensin-aldosterone

system, which causes increased sodium and water retention by the kidneys. 

This renal action increases blood volume and contributes to the elevated venous 

pressures associated with heart failure, which can lead to pulmonary and 

systemic edema. Increased angiotensin II also causes systemic vasoconstriction, 

which increases the afterload on the left ventricle.

The rationale for using a NP in heart failure is that it should reduce 

pulmonary and/or systemic congestion and edema, and associated clinical 

symptoms (e.g., shortness of breath - dyspnea). NPs may also reduce 

the afterload on the heart by promoting systemic vasodilation, which can 

lead to improved ventricular ejection. A recombinant human BNP (nesiritide) was 

developed and evaluated to treat acute, decompensated congestive heart failure 

caused by systolic dysfunction. However, this drug is no longer used in the 

treatment of this condition because a large clinical trial failed to show 

improved clinical outcomes. This compound produced long-lasting hypotension 

among its adverse effects.

https://cvpharmacology.com/clinical-topics/heart-failure
https://cvphysiology.com/blood-pressure/bp015
https://cvphysiology.com/microcirculation/m010
https://cvphysiology.com/cardiac-function/cf008


Neprilysin Inhibitors in Heart Failure
Instead of infusing natriuretic peptides, a more successful approach was 

found in the development of neprilysin inhibitors (e.g., sacubitril). This 

new drug class increases the concentration of circulating, naturally 

produced NPs by inhibiting their degradation. Sacubitril, when combined 

with an angiotensin receptor blocker (valsartan), is effective in treating 

acute, decompensated heart failure, and has some benefit in patients with 

mildly reduced ejection fractions (HFmrEF; 41 - 49%). This combined 

therapy enhances the inhibitory effects of naturally produced NPs on the 

renin-angiotensin-aldosterone system, besides blocking AT1 receptors. 

The combination of valsartan and sacubitril is referred to as 

an ARNI (angiotensin receptor neprilysin inhibitor).

https://cvpharmacology.com/vasodilator/arb


Potassium-Channel Openers
General Pharmacology
Potassium-channel openers are drugs that activate (open) ATP-sensitive 

K+-channels in vascular smooth muscle. Opening these channels 

hyperpolarizes the smooth muscle, which closes voltage-gated calcium 

channels and decreases intracellular calcium. With less calcium available 

to combine with calmodulin, there is less activation of myosin light chain 

kinase and phosphorylation of myosin light chains  This leads to 

relaxation and vasodilation. Because small arteries and arterioles 

normally have a high degree of smooth muscle tone, these drugs are 

effective in dilating these resistance vessels, decreasing systemic 

vascular resistance, and lowering arterial pressure. The fall in arterial 

pressure leads to reflex cardiac stimulation (baroreceptor-mediated 

tachycardia).

https://cvphysiology.com/blood-flow/bf002
https://cvphysiology.com/blood-pressure/bp012


Therapeutic Indications
Being effective arterial dilators, potassium-channel openers are used in 

the treatment of hypertension. These drugs are not first-line therapy for 

hypertension because of their side effects, and therefore they are 

relegated to treating refractory, severe hypertension. They are used with 

a beta-blocker and diuretic to attenuate the reflex tachycardia and 

retention of sodium and fluid, respectively.

https://cvpharmacology.com/cardioinhibitory/beta-blockers
https://cvpharmacology.com/diuretic/diuretics


Specific Drugs
Although several potassium-channel openers have been used in 

research for many years, only one, minoxidil, is approved for humans 

to treat hypertension.

Side Effects and Contraindications
Common side effects to minoxidil include headaches, flushing and 

reflex tachycardia. The potent vasodilator actions of minoxidil can lead 

to fluid retention and edema formation. Reflex cardiac stimulation can 

precipitate angina in patients with coronary artery disease. Minoxidil

produces T wave changes in a high percentage (~60%) of patients 

under chronic treatment. One of the most noted side effects of 

minoxidil is hypertrichosis, a thickening and enhanced pigmentation of 

body hair, and therefore this drug is more commonly used for treating 

baldness

https://cvphysiology.com/arrhythmias/a009


Thrombolytic (Fibrinolytic) Drugs
Thrombolytic drugs are used to dissolve (lyse) blood clots (thrombi). 

Blood clots can occur in any vascular bed; however, when they occur in 

coronary, cerebral or pulmonary vessels, they can be immediately life-

threatening. Coronary thrombi cause myocardial infarctions, 

cerebrovascular thrombi produce strokes, and pulmonary thrombi can 

lead to respiratory and cardiac failure. Therefore, rapid diagnosis and 

treatment of blood clots is important.



Mechanisms of 

Thrombolysis
Thrombolytic drugs dissolve blood 

clots by activating plasminogen, which 

forms a cleaved product called 

plasmin. Plasmin is a proteolytic

enzyme that breaks cross-links 

between fibrin molecules, which 

provide the structural integrity of blood 

clots. Because of these actions, 

thrombolytic drugs are also called 

"plasminogen activators" and 

"fibrinolytic drugs."

There are three major classes of 

fibrinolytic drugs: tissue plasminogen

activator (tPA), streptokinase (SK), 

and urokinase (UK). While drugs in 

these three classes all effectively 

dissolve blood clots, they differ in their 

mechanisms, which alter their 

selectivity for fibrin clots.



The figure illustrates the fibrinolytic mechanisms for tPA. Derivatives of tPA are the 

most used thrombolytic drugs because of their relative selectivity for activating 

fibrin-bound plasminogen. Tissue plasminogen activator produces clot lysis

through the following sequence:

•tPA binds to fibrin on the surface of the clot

•Activates fibrin-bound plasminogen

•Plasmin is cleaved from the plasminogen associated with the fibrin

•Fibrin molecules are broken apart by the plasmin and the clot dissolves

Plasmin is a protease that can break apart fibrin molecules, dissolving the clot. 

However, it is important to note that plasmin also breaks down other circulating 

proteins, including fibrinogen. But because of the relative fibrin specificity of tPA, 

clot dissolution occurs with a less breakdown of circulating fibrinogen than occurs 

with SK and UK. Although tPA is relatively selective for clot-bound 

plasminogen, it still activates circulating plasminogen and releasing 

plasmin, which can lead to the breakdown of circulating fibrinogen and 

cause an unwanted systemic fibrinolytic state. Normally, circulating α2-

antiplasmin inactivates plasmin, but therapeutic doses of tPA (and SK) lead to 

sufficient plasmin formation to overwhelm the limited circulating concentrations α2-

antiplasmin. In summary, although tPA is relatively selective for clot-associated 

fibrin, it can produce systemic lytic state and undesirable bleeding.



SK is not a protease and has no enzymatic activity; however, it forms a 

complex with plasminogen that releases plasmin. Unlike tPA, it does not 

bind preferentially to clot-associated fibrin and therefore binds equally to 

circulating and non-circulating plasminogen. Therefore, SK produces 

significant fibrinogenolysis along with clot fibrinolysis. Because SK is 

derived from streptococci, patients who have had recent streptococci 

infections can require significantly higher doses of SK to produce 

thrombolysis.

It is important to note that the efficacy of thrombolytic drugs 

depends on the age of the clot. Older clots have more fibrin cross-

linking and are more compacted; therefore, older clots are more difficult to 

dissolve. For treating acute myocardial infarction, the thrombolytic 

drugs should ideally be given within the first 2 hours. Beyond that 

time, the efficacy diminishes, and higher doses are required to achieve 

desired lysis.



Thrombolytic agents are used for the following therapeutic indications:

•Acute myocardial infarctions  

•Acute pulmonary embolism

•Acute ischemic stroke (non-hemorrhagic)

•Acute limb ischemia (arterial thrombosis)

•Deep vein thrombosis (DVT)

العضلة القلبية الحاد احتشاء

الرئوي الحاد الانسداد

الحادة الاقفاريةالدماغية السكتة

الحاد الاطرافتروية نقص

العميقةالاوردةتجلط



Specific Thrombolytic Drugs
Tissue Plasminogen Activators

This family of thrombolytic drugs is used for all the above indications.
•Alteplase (Activase®; rtPA) is a recombinant form of human tPA. It 

has a short half-life (~5 min) and therefore is usually administered as 

an intravenous bolus followed by an infusion.

•Retaplase (Retavase®) is a genetically engineered, smaller 

derivative of recombinant tPA that has increased potency and is faster 

acting than rtPA. Having a longer half-life than rtPA, it is often 
administered as IV bolus injections.

•Tenecteplase (TNK-tPA) has a longer half-life and greater binding 

affinity for fibrin than rtPA. Because of its longer half-life, it can be 
administered by IV bolus.



Streptokinase (SK) and Urokinase (UK)

The use of these drugs has been superseded by the use of tPA-

compounds because of issues related to specificity of action, systemic 

fibrinolysis, and ease of administration. Neither SK nor UK are 

available for use in the U.S.

Natural streptokinase (SK) is isolated and purified from streptococci 

bacteria. Its lack of fibrin specificity makes it a less desirable 

thrombolytic drug than tPA compounds because it produces more 

fibrinogenolysis. SK is antigenic because it is derived from streptococci 

bacteria and, therefore, neutralizing antibodies can decrease its 

effectiveness.



Anistreplase (Eminase®) is a complex of SK and plasminogen and 

therefore is antigenic, like SK alone. It has more fibrin specificity and 

has a longer activity than natural SK; however, it causes considerable 

fibrinogenolysis.

Urokinase (Abbokinase®; UK) is sometimes referred to as urinary-type 

plasminogen activator (uPA) because it is formed by kidneys and is 

found in urine. It has limited clinical use because, like SK, it produces 

considerable fibrinogenolysis although it is non-antigenic.



Adverse Effects and Contraindications
A common adverse effect of all the thrombolytic drugs is bleeding 

complications related to systemic fibrinogenolysis and lysis of normal 

hemostatic plugs. The bleeding is often noted at a catheterization site, 

although gastrointestinal and cerebral hemorrhages may occur. 

Intracranial bleeding is a significant concern (5-7%) in using I.V. rtPA for 

acute ischemic stroke. Therefore, patients who have experienced 

trauma injury or who have a history of cerebral hemorrhagic stroke are 

not usually administered thrombolytics. Re-thrombosis can occur 

following thrombolysis, and therefore anticoagulants such as heparin are 

usually co-administered and continued after thrombolytic therapy



Atropine (Muscarinic Receptor Antagonist)
General Pharmacology



The vagus (parasympathetic) nerves that innervate the heart 

release acetylcholine (ACh) as their primary neurotransmitter. ACh binds 

to muscarinic receptors (M2) that are found principally on cells 

comprising the sinoatrial (SA) and atrioventricular (AV) nodes. 

Muscarinic receptors are coupled to the Gi-protein; therefore, vagal

activation decreases cAMP. Gi-protein activation also leads to the 

activation of KACh channels that increase potassium efflux and 

hyperpolarizes the cells.

https://cvpharmacology.com/norepinephrine
https://cvphysiology.com/arrhythmias/a002
https://cvphysiology.com/arrhythmias/a003
https://cvphysiology.com/blood-pressure/bp011


Increases in vagal activity at the SA node decreases the firing rate 

of the pacemaker cells by decreasing the slope of the pacemaker 

potential (phase 4 of the action potential); this decreases the heart 

rate (negative chronotropy). The change in phase 4 slope results 

from alterations in potassium and calcium currents, as well as the 

slow-inward sodium current that is thought to be responsible for the 

pacemaker current (If). By hyperpolarizing the cells, vagal activation 

increases the cell's threshold for firing, which contributes to the 

reduction in firing rate. Similar electrophysiological effects also 

occur at the AV node; however, in this tissue, these changes are 

manifested as a reduction in the velocity impulse conduction 

through the AV node (negative dromotropy). In the resting state, 

there is a large degree of vagal tone acting on the heart, which is 

responsible for low resting heart rates.

There is also some vagal innervation of the atrial muscle, and to a 

much lesser extent, the ventricular muscle. Vagal activation, 

therefore, results in modest reductions in atrial contractility 

(inotropy) and even smaller decreases in ventricular contractility.

https://www.cvphysiology.com/arrhythmias/a004
https://www.cvphysiology.com/arrhythmias/a005
https://www.cvphysiology.com/arrhythmias/a005


Alpha-Adrenoceptor Antagonists (Alpha-Blockers)

General Pharmacology
These drugs block the effect of sympathetic nerves on blood vessels by binding to 
alpha-adrenoceptors on the vascular smooth muscle. Most of these drugs act as 
competitive antagonists to the binding of norepinephrine that is released 
by sympathetic nerves synapsing on smooth muscle. Therefore, sometimes these 
drugs are referred to as sympatholytics because they antagonize sympathetic 
activity. Some alpha-blockers are non-competitive (e.g., phenoxybenzamine), 
which prolongs their action because of their strong binding to the receptor.

https://cvpharmacology.com/norepinephrine
https://cvpharmacology.com/autonomic-ganglia


Vascular smooth muscle has two types of 
alpha-adrenoceptors: alpha1 (α1) and 
alpha2 (α2). The α1-adrenoceptors are the 
predominant α-receptors on vascular 
smooth muscle. These receptors are linked 
to Gq-proteins that activate smooth muscle 
contraction through the IP3 signal 
transduction pathway. Depending on the 
tissue and type of vessel, there are also α2-
adrenoceptors found on the smooth 
muscle. These receptors are linked to Gi-
proteins, and binding of an alpha-agonist to 
these receptors decreases intracellular 
cAMP, which causes smooth muscle 
contraction. There are also α2-
adrenoceptors on the sympathetic nerve 
terminals that inhibit the release of 
norepinephrine and therefore act as a 
negative feedback mechanism for 
modulating the release of norepinephrine.

https://cvphysiology.com/blood-pressure/bp026
https://www.cvphysiology.com/blood-pressure/bp011b
https://www.cvphysiology.com/blood-pressure/bp011b
https://www.cvphysiology.com/blood-pressure/bp011b


Alpha1-adrenoceptor antagonists cause vasodilation by blocking the binding of 
norepinephrine to the smooth muscle receptors. Non-selective α1 and α2-
adrenoceptor antagonists block postjunctional α1 and α2-adrenoceptors, which 
causes vasodilation; however, the blocking of prejunctional α2-adrenoceptors 
leads to increased release of norepinephrine, which attenuates the effectiveness 
of the α1 and α2-postjunctional adrenoceptor blockade. Blocking α2-
prejunctional adrenoceptors in the heart can lead to increases in heart rate and 
contractility because of the enhanced release of norepinephrine that binds to 
beta1-adrenoceptors.
Alpha-blockers dilate both arteries and veins because both vessel types are 
innervated by sympathetic adrenergic nerves; however, the vasodilator effect is 
more pronounced in the arterial resistance vessels. Because most blood vessels 
have some sympathetic tone under basal conditions, these drugs are effective 
dilators. They are even more effective under conditions of elevated sympathetic 
activity (e.g., during stress) or during pathologic increases in circulating 
catecholamines caused by an adrenal gland tumor (pheochromocytoma)

https://cvphysiology.com/blood-pressure/bp018
https://cvpharmacology.com/clinical-topics/hypertension-3


Therapeutic Uses
Selective α1-blockers are used in the treatment of primary hypertension, 
although their use is not as widespread as other antihypertensive drugs. 
Alpha1-blockers are not recommended as monotherapy and therefore are 
used with other antihypertensive drugs. Non-selective antagonists are 
usually reserved for hypertensive emergencies caused by a 
pheochromocytoma. This hypertensive condition, which is most commonly 
caused by an adrenal gland tumor that secretes large amounts of 
catecholamines, is commonly managed by a non-selective alpha-
blocker with a beta-blocker (to blunt the reflex tachycardia) until the tumor 
can be surgically removed

https://cvpharmacology.com/cardioinhibitory/beta-blockers


Alpha-blocker type Specific Drugs Comments

Selective prazosin
prototypical drug; essential 

hypertension; T1/2 ~ 3h

terazosin
essential 

hypertension; T1/2 ~ 12h

doxazosin
essential 

hypertension; T1/2 ~ 20h

Non-selective phenoxybenzamine

long-lasting non-
competitive blockade; 

T1/2 ~24h; used for 
hypertension caused by 

pheochromocytoma

phentolamine
used occasionally for 

hypertension caused by 
pheochromocytoma

Specific Drugs
.



Side Effects and Contraindications
The most common side effects are related directly to alpha-adrenoceptor
blockade. These side effects include dizziness, orthostatic hypotension 
(because of loss of reflex vasoconstriction upon standing), nasal congestion 
(because of dilation of nasal mucosal arterioles), headache, and reflex 
tachycardia (especially with non-selective alpha-blockers). Fluid retention is 
also a problem that can be rectified by the use of a diuretic with the alpha-
blocker. Alpha blockers have not been proven to be beneficial in heart 
failure or angina, and should not be used in these conditions

https://cvpharmacology.com/diuretic/diuretics
https://cvpharmacology.com/clinical-topics/heart-failure
https://cvpharmacology.com/clinical-topics/angina


Centrally Acting Sympatholytics

General Pharmacology
The sympathetic adrenergic nervous system plays a 

major role in regulating arterial pressure. Activation of 

these nerves to the heart increases the heart rate 

(positive chronotropy), contractility (positive inotropy) 

and velocity of electrical impulse conduction (positive 

dromotropy). The norepinephrine-releasing, 

sympathetic adrenergic nerves that innervate the heart 

and blood vessels are postganglionic efferent nerves 

whose cell bodies originate in prevertebral and 

paravertebral sympathetic ganglia. Preganglionic

sympathetic fibers, which travel from the spinal cord to 

the ganglia, originate in the medulla of the brainstem. 

Within the medulla are located sympathetic excitatory 

neurons that have significant basal activity, which 

generates a level of sympathetic tone to the heart and 

vasculature, even under basal conditions. The 

sympathetic neurons within the medulla receive input 

from other neurons within the medulla (e.g., vagal

neurons), from the nucleus tractus solitarius (receives 

input from peripheral baroreceptors and 

chemoreceptors), and from neurons in the 

hypothalamus. Together, these neuronal systems 

regulate sympathetic (and parasympathetic) outflow to 

the heart and vasculature.

https://cvpharmacology.com/ans
https://cvpharmacology.com/ans


Sympatholytic drugs can block this sympathetic adrenergic system are three 

different levels. First, peripheral sympatholytic drugs such as alpha-

adrenoceptor and beta-adrenoceptor antagonists block the influence of 

norepinephrine at the effector organ (heart or blood vessel). Second, there 

are ganglionic blockers that block impulse transmission at the sympathetic 

ganglia. Third, there are drugs that block sympathetic activity within the brain. 

These are called centrally acting sympatholytic drugs.

Centrally acting sympatholytic drugs block sympathetic activity by binding to 

and activating alpha2 )α2)-adrenoceptors in the central nervous system. This 

reduces sympathetic outflow to the heart, decreasing cardiac output by 

decreasing heart rate and contractility. Reduced sympathetic output to the 

vasculature decreases sympathetic vascular tone, which causes vasodilation

and reduced systemic vascular resistance, which decreases arterial pressure.

https://cvpharmacology.com/vasodilator/alpha
https://cvpharmacology.com/cardioinhibitory/beta-blockers
https://cvpharmacology.com/vasodilator/ganglionic-blockers


Therapeutic Indications
Centrally acting α2-adrenoceptor agonists are used in the treatment 

of hypertension. However, they are not considered first-line therapy because of 

side effects that are associated with their actions within the brain. They are 

usually administered in combination with a diuretic to prevent fluid 

accumulation, which increases blood volume and compromises the blood 

pressure lowering effect of the drugs. Fluid accumulation can also lead to 

edema. Centrally acting α2-adrenoceptor agonists are effective in hypertensive 

patients with renal disease because they do not compromise renal function.

https://cvpharmacology.com/clinical-topics/hypertension


Specific Drugs
Several centrally acting α2-adrenoceptor agonists are available for clinical use:

•clonidine

•guanabenz

•guanfacine

•methyldopa

Clonidine, guanabenz and guanfacine are structurally related compounds and have similar 

antihypertensive profiles. α-methyldopa is a structural analog of dopa and functions as a 

prodrug. After administration, α-methyldopa is converted to α-methylnorepinephrine, which 

then serves as the α2-adrenoceptor agonist in the medulla to decrease sympathetic outflow.



Clonidine, when given intravenously, causes initial vasoconstriction via 

vascular α2-adrenoceptors; however, this changes to vasodilation as the 

clonidine binds to α2-adrenoceptors in the central nervous system, which 

decreases sympathetic efferent activity and lowers blood pressure. The oral 

form does not display initial vasoconstriction. Clonidine may also inhibit 

norepinephrine release by sympathetic nerves that innervate blood vessels, 

thus offsetting the constrictor effects on vascular smooth muscle postjunctional

receptors. Central stimulation by clonidine also increases parasympathetic 

outflow, which can reduce heart rate. Guanabenz, guanfacine and methyldopa 

have actions that are like clonidine.



Side Effects and Contraindications
Side effects of centrally acting α2-adrenoceptor agonists include sedation, dry 

mouth and nasal mucosa, bradycardia (because of increased vagal stimulation of 

the SA node and sympathetic withdrawal), orthostatic hypotension, and 

impotence. Constipation, nausea and gastric upset are also associated with the 

sympatholytic effects of these drugs. Fluid retention and edema are also a 

problem with chronic therapy; therefore, concurrent therapy with a diuretic is 

necessary. Sudden discontinuation of clonidine can lead to rebound 

hypertension, which results from excessive sympathetic activity.



Direct Acting Vasodilators
General Pharmacology
The one drug in this group, hydralazine, does not fit neatly into the other mechanistic 

classes, in part, because its mechanism of action is not entirely clear and it appears to 

have multiple, direct effects on the vascular smooth muscle. First, hydralazine causes 

smooth muscle hyperpolarization, likely through the opening of K+-channels. It also may 

inhibit IP3-induced release of calcium from the smooth muscle sarcoplasmic reticulum. 

This calcium combines with calmodulin to activate myosin light chain kinase, which 

induces contraction. There is also evidence that hydralazine

stimulates prostacyclin production to cause cAMP-mediated vasodilation. Finally, 

hydralazine may increase the bioavailability of nitric oxide produced by the vascular 

endothelium, leading to cGMP-mediated vasodilation.

Hydralazine, which is highly specific for arterial vessels, reduces systemic vascular 

resistance and arterial pressure. Indirect cardiac stimulation (e.g., tachycardia) occurs 

with hydralazine administration because of the activation of the baroreceptor reflex.

https://cvpharmacology.com/vasodilator/k-openers
https://cvphysiology.com/blood-pressure/bp011b
https://cvphysiology.com/blood-pressure/bp026
https://www.cvphysiology.com/blood-flow/bf013
https://cvphysiology.com/blood-flow/bf011
https://cvphysiology.com/blood-pressure/bp012


Therapeutic Indications for Hydralazine
Hypertension

Hydralazine is used occasionally (although rarely alone) in the treatment 

of arterial hypertension. It is not first-line therapy for arterial hypertension. Its 

relatively short half-life, which requires frequent dosing, and its precipitation of 

reflex tachycardia make it undesirable for treating chronic hypertension. 

However, it is used in treating acute hypertensive emergencies, secondary 

hypertension caused by preeclampsia, and pulmonary hypertension. It is often 

used with a beta-blocker and diuretic to attenuate the baroreceptor-mediated 

reflex tachycardia and renal sodium retention, respectively.

https://cvpharmacology.com/clinical-topics/hypertension
https://cvpharmacology.com/clinical-topics/hypertension
https://cvpharmacology.com/clinical-topics/pulmonary-hypertension
https://cvpharmacology.com/cardioinhibitory/beta-blockers
https://cvpharmacology.com/diuretic/diuretics
https://cvphysiology.com/blood-pressure/bp012


Heart failure

Hydralazine has a role in the management of heart failure with reduced ejection fraction 

(HFrEF) because of its ability to reduce afterload and enhance stroke volume and ejection 

fraction. When used in heart failure, it is given along with a diuretic and often with isosorbide

dinitrate, a nitrodilator.

Side Effects and Contraindications
Common side effects of hydralazine include headaches, flushing and tachycardia. Reflex 

cardiac stimulation can precipitate angina in patients with coronary artery disease. Some 

patients (~10%) experience a lupus-like syndrome.

https://cvpharmacology.com/clinical-topics/heart-failure
https://cvphysiology.com/cardiac-function/cf008
https://cvphysiology.com/cardiac-function/cf012
https://cvpharmacology.com/vasodilator/nitro
https://cvpharmacology.com/clinical-topics/angina


Alpha-Adrenoceptor Agonists )α-agonists(
General Pharmacology
Most alpha-adrenoceptor agonists α(- dnib yllacinilc desu era taht )stsinoga

α ot- dna noitcartnoc htooms ecudni dna elcsum htooms ralucsav no srotpecer

 evren cigrenerda citehtapmys fo stceffe eht gnikcimim suht ,noitcirtsnocosav

emoS .slessev doolb eht ot noitavitcaα- srotpecer lanoitcnujerp ot dnib stsinoga

 yllarehpirep htob esaeler enirhpeniperon stibihni hcihw ,sevren citehtapmys no

niarb eht ni yllartnec dna



Vascular smooth muscle has two types of alpha-adrenoceptors - alpha1 (α1) and 
alpha2 (α2). The α1-adrenoceptors are the predominant α-receptors on vascular smooth 
muscle. These receptors are linked to Gq-proteins that activate smooth muscle 
contraction through the IP3 signal transduction pathway and Rho-kinase pathway. 
Depending on the tissue and type of vessel, there are also α2-adrenoceptors found on the 
smooth muscle. These receptors are linked to Gi-proteins, and binding of an α2-agonist to 
these receptors decreases intracellular cAMP, which causes smooth muscle contraction. 
There are also α2-adrenoceptors located on the sympathetic nerve terminals that inhibit 
the release of norepinephrine and therefore act as a feedback mechanism for modulating 
the release of norepinephrine. Therefore, an α2-agonist inhibits norepinephrine release 
from sympathetic nerves.
Alpha-agonists constrict both arteries and veins; however, the vasoconstrictor effect is 
more pronounced in the arterial resistance vessels. Constriction of the resistance vessels 
(small arteries and arterioles) increases systemic vascular resistance, whereas constriction 
of venous capacitance vessels increases venous pressure.

https://cvphysiology.com/blood-pressure/bp026
https://www.cvphysiology.com/blood-pressure/bp011b
https://www.cvphysiology.com/blood-pressure/bp011b
https://cvphysiology.com/blood-pressure/bp021
https://cvphysiology.com/blood-pressure/bp020


Specific Drugs and Therapeutic Uses
Alpha-agonists used therapeutically are relatively selective or non-selective for α 1α ro2-

era ereht ,woleb detsil sgurd eht sediseB .srotpeconerdasgurd citemimohtapmys taht

evahα-β dna tsinoga- yllarutan eht edulcni sgurd esehT .seitreporp tsinoga rotpeconerda

 sa llew sa ,enirhpeniperon dna enirhpenipe ,enimapod ,senimalohcetac gnirrucco

enimatubod sa hcus sgolana enimalohcetac

α1-adrenoceptor agonists (systemic vasoconstrictors)
midodrine (prodrug converted to desglymidodrine)
phenylephrine
Phenylephrine (I.V. form) is used as a pressor agent in 
treating hypotension and shock. Midodrine (oral form) is used in patients with 
autonomic insufficiency and symptomatic postural hypotension.
Oxymetazoline, tetrahydrozoline, xylometazoline and some preparations of 
phenylephrine are used as nasal decongestants primarily because of their 
α1 vasoconstrictor properties.

https://cvpharmacology.com/vasoconstrictor/sympathomimetic
https://cvpharmacology.com/vasoconstrictor/vasoconstrictor
https://cvpharmacology.com/pressor/pressor
https://cvpharmacology.com/clinical-topics/hypotension


α2-adrenoceptor agonists (centrally-acting vasodilators;
clonidine
guanabenz
guanfacine
methyldopa



Side Effects and Contraindications - α1-agonists
Alpha1-agonists can cause headache, reflex bradycardia, excitability, and 
restlessness. Because alpha1-agonists produce systemic vasoconstriction, 
the work and oxygen requirements of the heart increase. If the coronary 
circulation is impaired, as in patients with coronary artery disease, the 
decrease in myocardial oxygen supply/demand ratio can precipitate angina. 
Preparations used as nasal decongestants can cause a rebound effect 
(increased congestion) after a few days of use

https://cvphysiology.com/cardiac-function/cf019
https://cvphysiology.com/cad/cad006
https://cvpharmacology.com/clinical-topics/angina


Phosphodiesterase Inhibitors
General Pharmacology of cAMP-Dependent Phosphodiesterase Inhibitors 

(PDE3)

Intracellular concentrations 
of cAMP play an important 
second messenger role in 
regulating cardiac muscle 
contraction. Activation of 
the sympathetic nervous 
system releases the 
neurotransmitter 
norepinephrine and 
increases circulating 
catecholamines (epinephrine 
and norepinephrine). 

https://cvphysiology.com/blood-pressure/bp018


These catecholamines bind primarily to beta1-adrenoceptors in the heart 
that are coupled to Gs-proteins. This activates adenylyl cyclase to form 
cAMP from ATP. Increased cAMP, through its coupling with other 
intracellular messengers, increases contractility (inotropy), heart rate 
(chronotropy) and conduction velocity (dromotropy). Cyclic-AMP is broken 
down by an enzyme called cAMP-dependent phosphodiesterase (PDE). The 
isoform of this enzyme that is targeted by currently used clinical drugs is the 
type 3 form (PDE3). Inhibition of this enzyme prevents cAMP breakdown 
and increases its intracellular concentration. This increases cardiac inotropy, 
chronotropy and dromotropy. PDE3 inhibitors can be thought of as a 
backdoor approach to cardiac stimulation, whereas β-agonists go through 
the front door to produce the same cardiac effects.

https://cvpharmacology.com/cardiostimulatory/beta-agonist
https://cvphysiology.com/blood-pressure/bp011
https://cvpharmacology.com/cardiostimulatory/beta-agonist


Cyclic-AMP also plays an 

important role in regulating the 

contraction of vascular smooth 

muscle. Beta2-adrenoceptor 

agonists such as epinephrine 

stimulate the Gs-protein and 

the formation of cAMP (click 

here for details). Unlike cardiac 

muscle, increased cAMP in 

smooth muscle causes 

relaxation. The reason for this 

is that cAMP normally 

inhibits myosin light chain 

kinase, the enzyme that 

phosphorylates smooth muscle 

myosin, causing contraction. 

Like the heart, the cAMP is 

broken down by a cAMP-

dependent PDE (PDE3). 

Therefore, inhibition of this 

enzyme increases intracellular 

cAMP, which further inhibits 

myosin light chain kinase, 

producing less contractile force 

(i.e., promoting relaxation).

https://cvpharmacology.com/cardiostimulatory/beta-agonist
https://cvphysiology.com/blood-pressure/bp026
https://cvpharmacology.com/cardiostimulatory/beta-agonist


Cardiovascular Actions of

cAMP-dependent PDE (type3) Inhibitors
Systemic Circulation

•Vasodilation

•Increased organ perfusion

•Decreased systemic vascular resistance

•Decreased arterial pressure

Cardiopulmonary

•Increased contractility and heart rate

•Increased stroke volume and ejection fraction

•Decreased ventricular preload
(secondary to increased output)

•Decreased pulmonary capillary wedge pressure



Overall cardiovascular effects

The cardiac and vascular effects of cAMP-dependent PDE inhibitors cause 

cardiac stimulation, which increases cardiac output, and reduced systemic 

vascular resistance, which lowers arterial pressure. Because cardiac output 

increases and systemic vascular resistance decreases, the change in arterial 

pressure depends on the relative effects of the PDE inhibitor on the heart 

versus the vasculature. At normal therapeutic doses, PDE3 inhibitors such as 

milrinone have a greater vascular than cardiac effect, so that arterial pressure is 

lowered in the presence of augmented cardiac output. Because of the dual 

cardiac and vascular effects of these compounds, they are sometimes referred 

to as "inodilators."

Other actions

PDE3 inhibitors also decrease platelet aggregation by increasing platelet 

cAMP. However, only cilostazol is used for this purpose in the treatment of 

intermittant claudication (ischemic leg pain associated with leg 

movement).



General Pharmacology of 

cGMP-Dependent 

Phosphodiesterase

Inhibitors (PDE5)
There is a second isoenyme form of 

PDE in vascular smooth muscle that is 

a cGMP-dependent 

phosphodiesterase. The type 5 isoform

of this enzyme (PDE5) is found in the 

corpus cavernosum of the penis and in 

vascular smooth muscle. This enzyme 

breaks down cGMP that forms in 

response to increased nitric 

oxide (NO). Increased intracellular 

cGMP inhibits calcium entry into the 

cell, decreasing intracellular calcium 

concentrations and causing smooth 

muscle relaxation 

https://cvphysiology.com/blood-flow/bf011


NO also activates K+ channels, which leads to hyperpolarization and 

relaxation. Finally, NO acting through cGMP can stimulate a cGMP-dependent 

protein kinase that activates myosin light chain phosphatase, the enzyme that 

dephosphorylates myosin light chains, which leads to relaxation. Therefore, 

inhibitors cGMP-dependent phosphodiesterase, by increasing intracellular 

cGMP, enhance smooth muscle relaxation and vasodilation, and cause penile 

erection.

https://cvphysiology.com/blood-pressure/bp026


Therapeutic Indications
The cardiostimulatory and vasodilatory actions of PDE3 inhibitors make them 

suitable for treating heart failure. Arterial dilation reduces afterload on the failing 

ventricle and leads to an increase in stroke volume and ejection fraction, as well as 

increases organ perfusion. Reducing the afterload leads to a secondary decrease 

in preload on the heart that helps to improve the mechanical efficiency of dilated 

hearts and to reduce ventricular wall stress and the oxygen demands placed on the 

failing heart. The cardiostimulatory effects of these drugs increase inotropy, which 

further enhances stroke volume and ejection fraction. Tachycardia, however, also 

results, and this is not beneficial; therefore, doses are used that minimize the 

positive chronotropic actions of the drug. 

https://cvphysiology.com/cardiac-function/cf008
https://cvphysiology.com/cardiac-function/cf012
https://cvphysiology.com/cardiac-function/cf007
https://cvphysiology.com/cardiac-function/cf008


A baroreceptor reflex, which occurs in response to hypotension, may contribute 

to tachycardia. Clinical trials have shown that long-term therapy with PDE3 

inhibitors increases mortality in heart failure patients; therefore, these drugs are 

not used for long-term, chronic therapy. They are very useful, however, in 

treating acute, decompensated heart failure or temporary bouts of 

decompensated chronic failure. They are not used as monotherapy. Instead, 

they are used with other treatment modalities such as diuretics, ACE 

inhibitors, beta-blockers or digitalis.

The somewhat selective vasodilatory actions of PDE5 inhibitors have made 

these compounds very useful in the treatment of male erectile dysfunction. The 

PDE5 inhibitor sildenafil is also approved to treat pulmonary hypertension.

https://cvphysiology.com/blood-pressure/bp012
https://cvpharmacology.com/diuretic/diuretics
https://cvpharmacology.com/vasodilator/ace
https://cvpharmacology.com/cardioinhibitory/beta-blockers
https://cvpharmacology.com/cardiostimulatory/digitalis


Specific Drugs
Several PDE inhibitors are available for clinical use:

•PDE3 inhibitors

•milrinone

•inamrinone (formerly amrinone)

•cilostazol

•PDE5 inhibitors

•sildenafil

•tadalafil



The PDE3 inhibitors (except cilostazol) are used for treating acute, 

decompensated heart failure,

whereas the PDE5 inhibitors are used for treating male erectile dysfunction 

and pulmonary hypertension.

Note that the PDE3 inhibitors used in acute heart failure end in "one,“

whereas the PDE5 inhibitors end in "fil".

Inhibition of platelet aggregation, along with vasodilation, is an important 

mechanism of action for cilostazol, which is used in the treatment of intermittent 

claudication in peripheral arterial disease. Cilostazol appears to have less 

cardiostimulatory effects than milrinone.



Side Effects and Contraindications
PDE3 inhibitors

Milrinone and inamrinone are not used in the treatment of chronic heart failure 

because clinical trials have shown that long-term use of these drugs worsen 

patient outcomes. The most common and severe side effect of PDE3 inhibitors 

is ventricular arrhythmias in about 12% of patients, some of which may be life-

threatening. Headaches and hypotension occur in about 3% of patients. These 

side effects are not uncommon for drugs that increase cAMP in cardiac and 

vascular tissues, other examples being β-agonists

PDE5 inhibitors

The most common side effects for PDE5 inhibitors include headache and 

cutaneous flushing, both of which are related to vascular dilation caused by 

increased vascular cGMP. There is clinical evidence that nitrodilators may 

interact adversely with PDE5 inhibitors. The reason for this adverse reaction is 

that nitrodilators stimulate cGMP production while PDE5 inhibitors inhibit cGMP

degradation. When combined, these two drug classes potentiate cGMP levels, 

which can lead to hypotension and impaired coronary perfusion.

https://cvpharmacology.com/cardiostimulatory/beta-agonist
https://cvpharmacology.com/vasodilator/nitro


Angiotensin Converting Enzyme (ACE) Inhibitors
General Pharmacology



ACE inhibitors produce vasodilation by inhibiting the formation of 

angiotensin II. This 

vasoconstrictor is formed by the proteolytic action of renin (released by 

the kidneys) acting on circulating angiotensinogen to form angiotensin

I. Angiotensin I is then converted to angiotensin II by angiotensin

converting enzyme (ACE).

ACE also breaks down bradykinin (a vasodilator substance). 

Therefore, ACE inhibitors, by blocking the breakdown of bradykinin, 

increase bradykinin levels, which can contribute to the vasodilator 

action of ACE inhibitors. The increase in bradykinin is also believed to 

be responsible for a troublesome side effect of ACE inhibitors, a dry 

cough.



Angiotensin II constricts arteries and veins by binding to AT1 receptors 

on the smooth muscle, which are coupled to a Gq-protein and 

the IP3 signal transduction pathway. Angiotensin II also facilitates the 

release of norepinephrine from sympathetic adrenergic nerves and 

inhibits norepinephrine reuptake by these nerves. This action of 

angiotensin II augments sympathetic activity on the heart and blood 

vessels, promoting cardiac stimulation and vasoconstriction. Angiotensin

II stimulates the adrenal cortex to release aldosterone, which acts on the 

kidneys to increase sodium and water reabsorption, leading to increased 

blood volume and arterial pressure. By stimulating pituitary release 

of antidiuretic hormone (ADH; vasopressin), water renal reabsorption is 

increased, which increases blood volume and arterial pressure. ADH can 

also directly constrict blood vessels.

https://cvpharmacology.com/vasodilator/arb
https://cvphysiology.com/blood-pressure/bp026
https://cvphysiology.com/blood-pressure/bp026
https://cvpharmacology.com/diuretic/diuretics
https://cvpharmacology.com/vasoconstrictor/avp


Cardiorenal Effects of ACE Inhibitors

•Vasodilation (arterial & venous)

- reduce arterial & venous pressure

- reduce ventricular afterload & preload

•Decrease blood volume

- natriuretic

- diuretic

•Depress sympathetic activity

•Inhibit cardiac and vascular hypertrophy



ACE inhibitors have the following actions:

•Dilate arteries and veins by blocking angiotensin II formation and inhibiting 

bradykinin metabolism. This vasodilation reduces arterial 

pressure, preload and afterload on the heart.

•Down regulate sympathetic adrenergic activity by blocking the facilitating 

effects of angiotensin II on sympathetic nerve release and reuptake of 

norepinephrine.

•Promote renal excretion of sodium and water (natriuretic and diuretic effects) by 

blocking the effects of angiotensin II in the kidney, blocking angiotensin II 

stimulation of aldosterone secretion, and by blocking angiotensin II stimulated 

ADH release. These actions blood volume, venous pressure and arterial 

pressure.

•Inhibit cardiac and vascular remodeling associated with 

chronic hypertension, heart failure, and myocardial infarction.

Elevated plasma renin is not required for the actions of ACE inhibitors, although 

ACE inhibitors are more efficacious when circulating levels of renin are 

elevated. We know that the renin-angiotensin system is found in many tissues, 

including heart, brain, vascular and renal tissues. Therefore, ACE inhibitors may 

act at these sites besides blocking the conversion of angiotensin in the 

circulating plasma.

https://cvphysiology.com/cardiac-function/cf007
https://cvphysiology.com/cardiac-function/cf008
https://cvpharmacology.com/diuretic/natriuretics
https://cvpharmacology.com/diuretic/diuretics
https://cvpharmacology.com/diuretic/diuretics
https://cvphysiology.com/blood-pressure/bp025
https://cvpharmacology.com/clinical-topics/hypertension
https://cvpharmacology.com/clinical-topics/heart-failure
https://cvpharmacology.com/clinical-topics/myocardial-infarction


Therapeutic Use of

ACE Inhibitors
•Hypertension

•Heart failure

•Post-myocardial infarction



Hypertension
ACE inhibitors are considered "first-line therapy" in the treatment of stage 

1 hypertension. They may also be used in hypertension caused by renal 

artery stenosis, which causes renin-dependent hypertension owing to the 

increased release of renin by the kidneys. Reducing angiotensin II formation 

leads to arterial and venous dilation, which reduces arterial and venous 

pressures. By reducing the effects of angiotensin II on the kidney, ACE 

inhibitors cause natriuresis and diuresis, which decreases blood volume and 

cardiac output, lowering arterial pressure.

African Americans do not respond as well as other races to monotherapy with 

ACE inhibitors or angiotensin receptor blockers (ARBs); however, differences 

in blood pressure lowering efficacy are eliminated with adequate diuretic 

dosing. Therefore, current recommendations are that ACE inhibitors and 

ARBs are appropriate for African Americans, but not as monotherapy. A 

diuretic or calcium-channel blocker should be used with an ACE inhibitor or 

ARB to achieve the target reduction in blood pressure in these patient 

populations.

https://cvpharmacology.com/clinical-topics/hypertension-2
https://cvpharmacology.com/diuretic/diuretics


Heart Failure
ACE inhibitors have proven to be very effective in the treatment of heart 

failure caused by systolic dysfunction (i.e., heart failure with reduced ejection 

fraction; HFrEF)). Beneficial effects of ACE inhibition in HFrEF include:

•Reduced afterload, which enhances ventricular stroke volume and improves 

ejection fraction.

•Reduced preload, which decreases pulmonary and systemic congestion 

and edema.

•Reduced sympathetic activation, which is deleterious in chronic heart failure.

•Improving the oxygen supply/demand ratio primarily by decreasing demand 

through the reductions in afterload and preload.

•Prevents angiotensin II from triggering deleterious cardiac remodeling.

Finally, ACE inhibitors are effective in patients following myocardial 

infarction because they help to reduce deleterious remodeling that occurs post-

infarction.

Note that ACE inhibitors are often used with a diuretic in treating hypertension 

and heart failure.

https://cvpharmacology.com/clinical-topics/heart-failure
https://cvphysiology.com/cardiac-function/cf008
https://cvphysiology.com/cardiac-function/cf007
https://cvpharmacology.com/clinical-topics/edema
https://cvphysiology.com/cad/cad006
https://cvpharmacology.com/clinical-topics/myocardial-infarction
https://cvpharmacology.com/diuretic/diuretics


Specific Drugs
The first ACE inhibitor marketed, captopril, is still in widespread use today, 

although its short half-life requires dosing 2-3 times per day. Newer ACE 

inhibitors differ from captopril in terms of pharmacokinetics (e.g., longer half-

life) and metabolism; however, all ACE inhibitors have similar overall effects on 

blocking the formation of angiotensin II. Many of the drugs are converted to a 

more active form after absorption. The following is a list of ACE inhibitors 

available for clinical use:

•benazepril

•captopril

•cilazapril

•enalapril (prodrug that forms enalaprilat)

•enalaprilat (I.V. only)

•fosinopril

•lisinopril

•moexipril

•perindopril

•quinapril

•ramipril

•tradolapril

Note that each of the ACE inhibitors named above ends with "pril."



Side Effects and Contraindications
As a drug class, ACE inhibitors have a relatively low incidence of side effects and 

are well-tolerated. A common, annoying side effect of ACE inhibitors is a dry 

cough appearing in about 10% of patients. It appears to be related to the 

elevation in bradykinin. Hypotension can also be a problem, especially in heart 

failure patients. Angioedema (life-threatening airway swelling and obstruction; 0.1-

0.2% of patients) and hyperkalemia (occurs because aldosterone formation is 

reduced) are also adverse effects of ACE inhibition. The incidence of 

angioedema is 2 to 4-times higher in African Americans compared to Caucasians. 

ACE inhibitors are contraindicated in pregnancy.

Hypertensive patients caused by bilateral renal artery stenosis may experience 

renal failure if ACE inhibitors are administered. The reason is that elevated 

circulating and intrarenal angiotensin II in this condition constricts the efferent 

arteriole more than the afferent arteriole within the kidney, which helps to maintain 

glomerular capillary pressure and filtration. Removing this constriction by blocking 

circulating and intrarenal angiotensin II formation can cause an abrupt fall in 

glomerular filtration rate. This is not generally a problem with unilateral renal artery 

stenosis because the unaffected kidney can usually maintain sufficient filtration 

after ACE inhibition; however, with bilateral renal artery stenosis, it is especially 

important to ensure that renal function is not compromised

https://cvpharmacology.com/diuretic/diuretics


Angiotensin Receptor Blockers 

(ARBs)
General Pharmacology
These drugs have very similar effects to angiotensin converting enzyme (ACE) 

inhibitors and are used for the same indications (hypertension, heart failure, post-

myocardial infarction). Their mechanism of action, however, differs from ACE 

inhibitors, which inhibit the formation of angiotensin II. ARBs are receptor 

antagonists that block type 1 angiotensin II (AT1) receptors on blood vessels and 

other tissues, such as the heart. These receptors are coupled to the Gq-protein 

and IP3 signal transduction pathway that stimulates vascular smooth muscle 

contraction. Because ARBs do not inhibit ACE, they do not cause an increase 

in bradykinin, which contributes to the vasodilation produced by ACE 

inhibitors and also some of the side effects of ACE inhibitors (cough and 

angioedema).

https://cvpharmacology.com/vasodilator/ace
https://cvpharmacology.com/clinical-topics/hypertension
https://cvpharmacology.com/clinical-topics/heart-failure
https://cvpharmacology.com/clinical-topics/myocardial-infarction
https://cvphysiology.com/blood-pressure/bp026


Similar to ACE inhibitors, ARBs have the following actions:

•Dilate arteries and veins and thereby reduce arterial pressure 

and preload and afterload on the heart.

•Down regulate sympathetic adrenergic activity by blocking the effects of 

angiotensin II on sympathetic nerve release and reuptake of norepinephrine.

•Decrease blood volume by 

•1) promoting renal excretion of sodium and water 

(natriuretic and diuretic effects) by blocking the effects of angiotensin II in 

the kidney; 

•2) blocking angiotensin II stimulation of aldosterone secretion; 

•3) inhibiting antidiuretic hormone (vasopressin) release; and 

•4) by decreasing thirst-stimulating mechanisms.

•Inhibit cardiac and vascular remodeling associated with 

chronic hypertension, heart failure, and myocardial infarction.

https://cvphysiology.com/cardiac-function/cf007
https://cvphysiology.com/cardiac-function/cf008
https://cvpharmacology.com/diuretic/natriuretics
https://cvpharmacology.com/diuretic/diuretics
https://cvpharmacology.com/diuretic/diuretics
https://cvpharmacology.com/vasoconstrictor/avp
https://cvpharmacology.com/clinical-topics/hypertension
https://cvpharmacology.com/clinical-topics/heart-failure
https://cvpharmacology.com/clinical-topics/myocardial-infarction


Therapeutic Uses
ARBs are used in the treatment of hypertension and heart failure, similarly to 

ACE inhibitors (see ACE inhibitors for details). Valsartan is the 

only ARB approved for post-myocardial infarction.

Specific Drugs
ARBs include the following drugs:

•azilsartan

•candesartan

•eprosartan

•irbesartan

•losartan

•olmesartan

•telmisartan

•valsartan

Note that each of the ARBs named above ends with "sartan."

https://cvpharmacology.com/vasodilator/ace


Side Effects and Contraindications
As a drug class, ARBs have a relatively low incidence of side effects and are well-

tolerated. Because they do not increase bradykinin levels like ACE inhibitors, the 

incidence of dry cough and angioedema is lower than with ACE inhibitors. Using 

ARBs may lead to hyperkalemia, as occurs with ACE inhibitors, especially in 

patients taking a potassium-sparing diuretic. ARBs are contraindicated in 

pregnancy. Patients with bilateral renal artery stenosis may experience renal 

failure if ARBs are administered. The reason is that the elevated circulating and 

intrarenal angiotensin II in this condition constricts the efferent arteriole more than 

the afferent arteriole within the kidney, which helps to maintain glomerular

capillary pressure and filtration. Removing this constriction by blocking 

angiotensin II receptors on the efferent arteriole can cause an abrupt fall in 

glomerular filtration rate. This is not usually a problem with unilateral renal artery 

stenosis because the unaffected kidney can maintain sufficient filtration after 

AT1 receptors are blocked; however, with bilateral renal artery stenosis, it is 

especially important to ensure that renal function is not compromised.

https://cvpharmacology.com/diuretic/diuretics


Renin Inhibitors



Cardiorenal Effects of Renin Inhibitors
•Vasodilation (arterial & venous)

- reduce arterial & venous pressures

- reduce ventricular afterload & preload

•Decrease blood volume
- natriuretic

- diuretic

•Depress sympathetic activity

•Inhibit cardiac and vascular hypertrophy

•Dilate arteries and veins by blocking angiotensin II formation. This 

vasodilation reduces arterial pressure, preload and afterload on the heart.

•Downregulate sympathetic adrenergic activity by blocking the facilitating 

effects of angiotensin II on sympathetic nerve release and reuptake of 

norepinephrine.

•Promote renal excretion of sodium and water 

(natriuretic and diuretic effects) by blocking the effects of angiotensin II in the 

kidney and by blocking angiotensin II stimulation of aldosterone secretion. This 

reduces blood volume, venous pressure, and arterial pressure.

•Inhibit cardiac and vascular remodeling associated with 

chronic hypertension, heart failure, and myocardial infarction.

https://cvphysiology.com/cardiac-function/cf007
https://cvphysiology.com/cardiac-function/cf008
https://cvpharmacology.com/diuretic/natriuretics
https://cvpharmacology.com/diuretic/diuretics
https://cvpharmacology.com/diuretic/diuretics
https://cvphysiology.com/blood-pressure/bp025
https://cvpharmacology.com/clinical-topics/hypertension
https://cvpharmacology.com/clinical-topics/heart-failure
https://cvpharmacology.com/clinical-topics/myocardial-infarction


Specific Drugs and Therapeutic Uses
Aliskiren is a renin inhibitor that was approved to treat hypertension by the U.S. 

FDA in 2007. Aliskiren is orally active, has a half-life of about 24 hours, and is 

dosed once per day. Because of its relatively long half-life, it takes about 1 week of 

dosing to achieve a near maximal antihypertensive effect. It is metabolized by the 

liver and excreted by the kidneys. Normal therapeutic concentrations of aliskiren

reduce plasma renin activity by 50-80%. It is effective in monotherapy. When used 

with thiazide diuretics or ARBs, the antihypertensive effects are additive.

https://cvpharmacology.com/diuretic/diuretics
https://cvpharmacology.com/vasodilator/arb


Side Effects and Contraindications
Aliskiren alone, like ACEIs and ARBs, has a relatively low incidence of side effects 

and is well-tolerated. Aliskiren has dose-related gastrointestinal adverse effects in 

some patients; diarrhea is observed in less the 3% of patients. The incidence 

of cough is much lower in patients taking aliskiren than those taking ACEIs. 

Angioedema (life-threatening airway swelling and obstruction) can occur in 

patients taking aliskiren (as can occur with ACEI and ARB treatment), although 

fewer than 1% of patients develop this condition. When administered with an 

ACEI, aliskiren can produce hyperkalemia, especially in diabetic patients. The 

ALTITUDE trial noted increased adverse events (non-fatal stroke, renal 

complications, hyperkalemia, hypotension) with no apparent additional benefits 

when added to treatment with an ACEI or ARB in diabetic patients.

As with ACEIs, aliskiren should not be administered anytime during pregnancy, 

particularly in second and third trimesters because of fetal and neonatal injury, 

and risk of birth defects.

https://cvpharmacology.com/vasodilator/ace


Cardiac Glycosides (Digoxin)
Cardiac glycosides represent a family of compounds that are derived from the 

foxglove plant (Digitalis purpurea). The therapeutic benefits of digitalis were first 

described by William Withering in 1785. Initially, digitalis was used to treat dropsy, 

which is an old term for edema. Subsequent investigations found that digitalis was 

most useful for edema that was caused by a weakened heart (i.e., heart failure).



Mechanism of action
Digitalis compounds are potent inhibitors 

of cellular Na+/K+-ATPase. This ion 

transport system moves sodium ions out 

of the cell and brings potassium ions into 

the cell. This transport function is 

necessary for cell survival because 

sodium diffusion into the cell and 

potassium diffusion out of the cell down 

their concentration gradients would 

reduce their concentration differences 

(gradients) across the cell membrane over 

time. Loss of these ion gradients would 

lead to cellular depolarization and loss of 

the negative membrane potential that is 

required for normal cell function. The 

Na+/K+-ATPase also plays an active role 

in membrane potential generation. This 

pump generates electrogenic

hyperpolarizing currents because it 

transports 3 sodium ions out of the cell for 

every two potassium ions that enter the 

cell. This can add several negative 

millivolts to the membrane potential 

depending on the activity of the pump.

https://www.cvphysiology.com/arrhythmias/a007


Cardiac myocytes, as well as many other cells, have a Na+-Ca++ exchanger (not 

an active energy-requiring pump) that is essential for maintaining sodium and 

calcium homeostasis. The exact mechanism by which this exchanger works is 

unclear. It is known that calcium and sodium can move in either direction 

across the sarcolemma. Furthermore, three sodium ions are exchanged for 

each calcium, therefore an electrogenic potential is generated by this 

exchanger. The direction of movement of these ions (either inward or outward) 

depends upon the membrane potential and the chemical gradient for the ions. 

At rest, the exchanger contributes a few millivolts of depolarizing current 

because 3 Na+ ions enter the cell for each Ca++ ion that leaves the cell. We also 

know that an increase in intracellular sodium concentration competes for 

calcium through this exchange mechanism leading to an increase in intracellular 

calcium concentration. As intracellular sodium increases, the concentration 

gradient driving sodium into the cell across the exchanger is reduced, thereby 

reducing the activity of the exchanger, which decreases the movement of 

calcium out of the cell. Therefore, mechanisms that lead to an accumulation of 

intracellular sodium cause a subsequent accumulation of intracellular calcium 

because of decreased exchange pump activity.



By inhibiting the Na+/K+- ATPase, cardiac glycosides cause intracellular sodium 

concentration to increase. This then leads to an accumulation of intracellular 

calcium via the Na+- Ca++ exchanger. In the heart, increased intracellular calcium 

causes more calcium to be taken up and subsequently released by 

the sarcoplasmic reticulum, thereby making more calcium available to bind to 

troponin-C, which increases contractility (inotropy). Inhibition of the Na+/K+- ATPase

in vascular smooth muscle causes depolarization, which causes smooth muscle 

contraction and vasoconstriction.

By mechanisms that are not fully understood, digitalis compounds also increase 

vagal efferent activity to the heart. This parasympathomimetic action of digitalis 

reduces sinoatrial firing rate (decreases heart rate; negative chronotropy) and 

reduces conduction velocity of electrical impulses through the atrioventricular node 

(negative dromotropy).

https://cvphysiology.com/cardiac-function/cf020
https://cvphysiology.com/cardiac-function/cf010
https://cvphysiology.com/arrhythmias/a005
https://cvphysiology.com/arrhythmias/a003


Pharmacokinetics and toxicity
The long half-life of digoxin distinguishes this drug from most other 

cardiovascular acting drugs. With a half-life of 40 hours, digoxin requires several 

days of constant dosing to reach steady-state plasma level. Therefore, when 

initiating treatment, a special dosing regimen involving either oral or intravenous 

"loading doses" is used to rapidly increase digoxin plasma levels. This process is 

termed "digitalization." Digoxin is eliminated by the kidneys.

The therapeutic plasma concentration range for digoxin is 0.5 - 1.5 ng/ml. It is 

important that therapeutic plasma levels are not exceeded because digitalis 

compounds have a narrow therapeutic safety window, meaning that small 

increases in plasma concentration within the upper therapeutic range and above 

can have significant adverse side effects. Plasma concentrations above 2.0 

ng/ml can lead to digitalis toxicity, which is frequently manifested as arrhythmias, 

some of which may be life-threatening. If toxicity occurs with digoxin, it may take 

several days for the plasma concentrations to fall to safe levels because of the 

long half-life. There is available for digoxin toxicity an immune Fab (Digibind) 

that can be used to rapidly reduce plasma digoxin levels. Potassium 

supplementation can also reverse the toxic effects of digoxin if the toxicity is 

related to hypokalemia



Drug Interactions
Many commonly used drugs interact with digoxin. The Class IA 

antiarrhythmic, quinidine, competes with digoxin for binding sites and 

depresses renal clearance of digoxin. These effects increase digoxin levels and 

can produce toxicity. Similar interactions occur with calcium-channel 

blockers and nonsteroidal anti-inflammatory drugs. Other drugs that 

interact with digoxin are amiodarone (Class III antiarrhythmic) and beta-

blockers. Diuretics can indirectly interact with digoxin because of their 

potential for decreasing plasma potassium levels (i.e., producing 

hypokalemia). Hypokalemia results in increased digoxin binding to the Na+/K+-

ATPase and thereby enhances digoxin's therapeutic and toxic 

effects. Hypercalcemia enhances digitalis-induced increases in intracellular 

calcium, which can lead to calcium overload and increased susceptibility to 

digoxin-induced arrhythmias. Hypomagnesemia also sensitizes the heart to 

digoxin-induced arrhythmias.

https://cvpharmacology.com/antiarrhy/sodium-blockers
https://cvpharmacology.com/vasodilator/ccb
https://cvpharmacology.com/antiarrhy/potassium-blockers
https://cvpharmacology.com/cardioinhibitory/beta-blockers
https://cvpharmacology.com/diuretic/diuretics


Therapeutic Uses of

Digitalis Compounds
Heart Failure

•↑ inotropy

•↑ ejection fraction

•↓ preload

•↓ pulmonary congestion/edema

Arrhythmias

•↓ AV nodal conduction

(parasympathomimetic effect)

•↓ ventricular rate in atrial flutter

and fibrillation



Heart failure
Digoxin has historically been used in the treatment of chronic heart failure 

owing to its cardiotonic effect. Although newer and more efficacious 

treatments for heart failure are available, digoxin is still used. Clinical studies 

in heart failure patients with reduced ejection fraction (HFrEF) have shown 

that digoxin, when used in conjunction with diuretics and vasodilators, 

improves cardiac output and ejection fraction, and reduces filling pressures 

and pulmonary capillary wedge pressures (this reduces pulmonary 

congestion and edema), heart rate changes little. These effects are to be 

expected for a drug that increases inotropy. Although the direct effect of 

digoxin on blood vessels is vasoconstriction, when given to patients in heart 

failure, the systemic vascular resistance falls. This may result from the 

improvement in cardiac output, which leads to withdrawal of compensatory 

vasoconstrictor mechanisms (e.g., sympathetic adrenergic activity and 

angiotensin II influences).

https://cvpharmacology.com/clinical-topics/heart-failure-3


Atrial fibrillation and flutter
Atrial fibrillation and flutter lead to a rapid ventricular rate that can impair 

ventricular filling (due to decreased filling time) and reduce cardiac output. 

Furthermore, chronic ventricular tachycardia can lead to heart failure. Digoxin, 

although not a first-line drug for rate control, can be used to reduce ventricular 

rate when a high atrial rate or atrial fibrillation is driving it. The mechanism of this 

beneficial effect of digoxin is its ability to activate vagal efferent nerves to the heart 

(parasympathomimetic effect). Vagal activation can reduce the conduction of 

electrical impulses within the atrioventricular node to the point where some of the 

impulses will be blocked. When this occurs, fewer impulses reach the ventricles 

and ventricular rate falls. Digoxin also increases the effective refractory period 

within the atrioventricular node.

https://cvphysiology.com/arrhythmias/a003


Side Effects, Contraindications and Warnings
The major side effect of digoxin is cardiac arrhythmia, especially atrial

tachycardias and atrioventricular block. Digoxin is contraindicated in patients who 

are hypokalemic, or who have atrioventricular block or Wolff-Parkinson-White 

(WPW) syndrome. Impaired renal function leads to enhanced plasma levels of 

digoxin because digoxin is eliminated by the kidneys. Lean, elderly patients are 

more susceptible to digoxin toxicity because they often have reduced renal 

function, and their reduced muscle mass increases plasma digoxin levels at a 

given dose because muscle Na+/K+-ATPase acts as a large binding reservoir for 

digoxin. A 2018 analysis of the AFFIRM trial determined that digoxin significantly 

increased all-cause mortality in patients with atrial fibrillation. This calls into 

question the practice of using digoxin for lowering ventricular rate in patients with 

atrial fibrillation

https://pubmed.ncbi.nlm.nih.gov/29660142/


Sympathomimetics
General Pharmacology

Sympathomimetic drugs mimic the effects of sympathetic activation on the 

heart and circulation. Like the sympathetic nerves innervating the heart, 

sympathomimetics stimulate the heart through activation of beta-

adrenoceptors, and sympathomimetics cause vascular smooth muscle 

contraction and vasoconstriction through activation of alpha-adrenoceptors. 

Included in the list of sympathomimetic drugs are beta-adrenoceptor

agonists and alpha-adrenoceptor agonists. Some sympathomimetics stimulate 

the release of norepinephrine from sympathetic nerves, in addition to their 

receptor agonist activities.

https://cvpharmacology.com/cardiostimulatory/beta-agonist
https://cvpharmacology.com/vasoconstrictor/alpha-agonist
https://cvpharmacology.com/cardiostimulatory/beta-agonist
https://cvpharmacology.com/vasoconstrictor/alpha-agonist


Therapeutic Use of

Sympathomimetic Drugs
•Heart failure (acute,

decompensated)

•Shock

- cardiogenic

- hypovolemic

- septic

Therapeutic Use and Rationale
Sympathomimetics are used in conditions where it is appropriate to raise blood 

pressure by stimulating the heart and inducing vasoconstriction. Because long-

term use of sympathomimetics is deleterious (see Side Effects and 

Contraindications), they are used for short-term treatment of refractory heart 

failure, cardiogenic shock, and hypotension caused by hemorrhage or sepsis.



Drug Classes and General Mechanisms of Action
Many sympathomimetics are catecholamines or analogs of 

catecholamines that can be divided into two mechanistic classes: 1) alpha-

adrenoceptor agonists )α-agonists), and 2) beta-adrenoceptor agonists )β-

agonists). It is not uncommon because of their catecholamine structure for 

there to be both α-agonist and β-agonist properties. A third class of 

sympathomimetics that affects norepinephrine storage, release and uptake 

by sympathetic nerves is not used in cardiovascular drug therapy; 

however, they are used as research tools (e.g., tyramine, guanethidine) 

and are also used illicitly (e.g., amphetamine, methamphetamine, 

cocaine).

•alpha-adrenoceptor agonists

beta-adrenoceptor agonists

https://cvpharmacology.com/vasoconstrictor/alpha-agonist
https://cvpharmacology.com/cardiostimulatory/beta-agonist


Side Effects and Contraindications
Because these drugs mimic sympathetic adrenergic stimulation, they can 

produce hypertension, excessive cardiac stimulation, and cardiac arrhythmias. 

For these reasons, most of these drugs are only used for short-term 

cardiovascular therapy with clinical supervision and monitoring. Long-term use 

increases mortality in heart failure patients. These drugs are contraindicated in 

patients with coronary artery disease because of the risk of precipitating 

myocardial ischemia and angina due to decreased myocardial oxygen 

supply/demand ratio. These drugs can also precipitate myocardial infarction and 

cerebrovascular stroke

https://cvphysiology.com/cad/cad006
https://cvpharmacology.com/clinical-topics/myocardial-infarction

