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Introduction  

 

 In the current age of 2021, heart failure has been extensively described in medical texts 

and literature as the process of the failing pump that is the heart. Whether this is valvular or 

cardiac muscle in nature, this still generally presents with the classic triad of pitting edema in the 

legs, shortness of breath, and paroxysmal nocturnal dyspnea. As physicians, we are trained to 

recognize this constellation of symptoms as the presentation of heart failure and dig further with 

pulmonary auscultation, JVD assessment, and severity of edema. Modern day medicine has 

afforded us a battery of lab testing and imaging to help characterize the extent of heart damage. 

Current day pharmaceuticals have been developed to treat the pathology of this condition and 

improve patient’s mortality and quality of life. While we observe this in modern medicine, heart 

failure is not a new disease nor has its presentation changed. The earliest descriptions compatible 

with heart failure is thought to be from the Hippocratic Corpus which states “When the ear is 

held to the chest, and one listens for some time, it may be heard to see the inside like the boiling 

of vinegar”.1  While impossible to prove this diagnosis, this account certainly raises the suspicion 

for rales, one of the hallmark findings of LV dysfunction in congestive heart failure. Flash 

forward to current day, the CDC estimates that heart failure has an economic impact of $30.7 

billion dollars in the U.S. in 2012.2 Certainly, disease of the heart are not new to our modern 

society, but are increasing due to the overall life expectancy of our current population. As with 

many diseases, heart failure tends to be a disease of age. Current estimates show over 6 million 

American’s meet criteria for heart failure.2 However, after the age of 65, the annual incidence of 

heart failure is 21 per 1,000 individuals.3 To further exacerbate this issue treatment for heart 

failure continues to improve, decreasing mortality of this disease. Heart failure is undeniably a 

major medical issue in the U.S. today and has come a long way since the first description of 
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“boiling vinegar” to describe what was likely pulmonary edema. This paper will examine the 

history of heart failure management from it’s first likely description to modern day advancement 

of the early 21st century. This paper will discuss both medical and surgical advancements in the 

management of this disease as well as discuss promising avenues for future treatment.  

Understanding of the Disease – Ancient times 

 As mentioned previously, symptoms 

compatible with the diagnosis of heart failure date 

back to ancient Greece and Rome, mostly with 

descriptions of edema and fluid overload.1 The text 

mentioned earlier regarding lung auscultation to 

sound as “boiling vinegar” was likely related to 

rales from pulmonary edema in the Hippocratic 

Corpus.1 However, it is impossible to assign 

diagnosis to this given the circumstances as many 

disease states involve fluid overload and anasarca. The earliest case of heart failure is not 

described in an ancient text as a constellation of symptoms, but rather by an ancient biopsy. 

Famed Egyptologist, Ernest Schiaparelli, discovered a tomb in the Valley of the Queens, Egypt 

belonging to an ancient Egypt dignitary dating to 1479 – 29 BC. The remains of this dignitary 

were examined by Dr. Andreas Nerlich, a German Pathologist, whose findings included lung 

biopsies showing pulmonary edema likely from heart failure due to the lack of evidence for other 

disease that can cause similar findings including tuberculosis and other mycobacterial 

infections.4 

Figure 1: The Hippocratic Oath from Ancient Greece 
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 While this was described using modern day techniques, 

the Egyptians also noted symptoms and findings consistent with 

heart failure. It is clear from their remains that they had begun to 

investigate the heart and its physiological process through 

cadaveric dissection. The Egyptians at the library of Alexandria 

believed the arteries to be filled with air and the veins with 

blood.5 Furthering this, Egyptians also were palpating pulses and 

using strength of the pulse as a prognostic factor in their 

rudimentary medical understanding.5 Though this is certainly 

related to the cardiovascular system in modern context, it 

appears that the Egyptians had yet to connect arterial pulsations 

with ventricular systole. This is perhaps the earliest description 

of the heart and cardiovascular system in conjunction with blood.5 It is important to note that the 

research at Alexandria still was not able to describe or attribute circulation to the heart. 

Similarly, anatomical and physiological research was being done in ancient India circa 600 B.C., 

described as “Heart being the centre of the system, transmits energy through different ‘nadis’ or 

channels, which were later on described as ‘siras’ or veins, ‘dhamanis’ or arteries and srotas’ or 

flow”.6 The culmination of all this ancient descriptions serves to show the early efforts to help 

characterize the fluid overloaded state that would later be identified as heart failure. 

While these findings are noted in ancient texts, it is not clear if the Egyptians, Indians, 

Greeks, or any other major civilization in these early times understood the true pathophysiology 

of the hear as a pump with its failure resulting in these symptoms. Throughout early history as 

academic centers of the world shifted between major civilizations through war and conquest, it 

Figure 2: Galen's proposed circulatory system 
showing air in the arteries and blood in veins. 
Described heart as "heat generator" for the body. 
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was recognized that the heard contracted, but the purpose had yet to be discovered. The famous 

Greek physician, Galen of the 2nd century, described heart contraction. Much of his work was 

influenced and based off the preceding work in Alexandria.5 His work shows his thought of the 

heart as a heat generator rather than circulatory mechanism for blood and also attributed arterial 

pulsations as being generated by arterial walls rather than ventricular systole. Galen’s view of the 

heart would persist and be the model of cardiac physiology that dominated until the description 

of circulation nearly 1500 years later.  

Early Treatments 

Due to the limited understanding of the 

underlying pathophysiology of this process, this 

led to a multitude of attempts of treating this 

disease. Here are described some of the earliest 

treatments for presumed what was termed 

“Dropsy”. Dropsy was described as a 

generalized fluid overload state with difficulty 

breathing, edema in the legs, generalized 

swelling, ascites, weeping edema, etc.. Today, 

we now know these symptoms to be involved in 

a multitude of disease process with heart failure 

most certainly being one of them.  

              
Figure 3. Depicts a woman with dropsy being treated with paracentesis circa 
1600s.  
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While prayer and deity worship have always been considered a part of healing rituals of 

the ancient civilizations, physical interventions began to make their way into the treatment of 

this. Though controversial at the time, Thucydides published his conclusion regarding the 

ineffectiveness of prayers on plagues/diseases circa 5th century BC.5 His work was mainly 

centered around seizure activity, but undoubtingly brought the understanding of the biological 

basis for disease to a closer understanding when compared to modern thought.  

Treatment were primarily symptom driven due to the lack of understanding of the 

pathophysiology. Depending on the period of discussion and the predominant view of 

physiology at that time, treatment varied. It is worthwhile to mention the humoral theory of 

physiology that dominated the majority of medicine for a significant portion of human history. 

Humoral theory postulated that the human body was a balance of multiple types of fluids, or 

humors. This theory was adapted from the balance of the four natural forces of air, earth, water, 

and fire. Hippocrates is mainly accredited for taking this thought process and applying it to the 

body to describe disease processes and states. While there are 

multiple competing theories of which humor comprise the 

balance of human health, all have been disproven. The 

Hippocratic Corpus does make mention of these humoral forces, 

but different versions attribute a different amount of total 

“humeres”.1 Regardless of the amount, the edematous state of 

heart failure was seen by subscribers of the humoral theory as an 

overload of blood. Because of this, many doctors of the age 

would subject patients to blood letting and/or leech therapy in 

attempts to restore balance to the humors. This process, though noble in attempt, likely only 

Figure 4: The balance of the 4 

humors. 
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harmed patient by worsening concomitant anemia that are frequently seen in heart failure as well 

as risk of infections from non-sterilized instruments and/or leeches as germ theory had yet to be 

discovered. While a many multitudes of therapies were attempted in this period, none to our 

knowledge was applied using the correct current circulatory model we now understand to be the 

cardiovascular system.  

Through much of the dark ages after the fall of Rome, there was little in the way of 

scientific advancement in general as well as medicine. The lack of stabilized governments and 

civilizations made further scientific advancements difficult, but did not prevent those from 

attempting. Medicine at this time was almost completely done at monasteries by monks and 

clerics using mainly botanical tinctures. Most of these treatments were palliative rather than 

curative. Humoral practice continued, but competing theories also came into play including 

Miasma theory that swung into scientific popularity during these dark ages despite being 

originally discussed in Hippocrates materials in early Greece.1  

Progression into Modern Medicine – Understanding the Heart and Physiology 

As the dark ages receded and arts and science were once again being pursued in large 

scale academic institutions, medical advancement was obtained. Regarding the heart and heart 

failure, the most significant advancement of this time was William Harvey’s publication on the 

circulation of the cardiovascular system in 1628. William Harvey was the first to publish on the 

heart as a circulatory pump that moves blood through both the arteries and veins.8 He also 

accurately described the separate circuits of pulmonary and systemic circulation. Furthering this, 

he was able to demonstrate venous valves showing that venous circulation involved blood return 

to the heart and arteries as the delivery system of blood to the tissues Though correct in his 

physiologic understanding of the heart as a pump and the first descriptions of the cardiovascular 
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system as we understand it today with modern medicine, his 

findings still had short comings. Particularly, Harvey 

postulated that the heart pumped blood for the purpose of 

tissues “consuming” the blood and that venous circulation 

was a byproduct to be recycled.8 Though somewhat 

compatible with current thoughts of oxygen extraction from 

blood by tissue, it is unlikely that this level of detail was in 

Harvey’s understanding. Regardless, this new understanding 

of the heart led to a drastic change in the understanding of 

cardiac physiology. Harvey’s work set the basis for further 

cardiac research at his time and remains in line with modern 

day understanding of the circulatory system.    

As understanding of the underlying cardiac physiology progressed, so did the attempts at 

treating heart failure exacerbation. Though not necessarily connected to the heart at the time, the 

diagnosis of “Dropsy” was described as an excess of fluid that accumulated throughout the body, 

most notable in the gravity dependent regions. While this particular finding is not specific for 

heart failure, it is certainly the manifestation that physicians of the time were faced with.  One of 

the more popular treatments of this was a Southey’s tube which was popular in the mid to late 

1800s as a way of relieving the excess fluid seen in heart failure exacerbation. Again, symptom-

based treatment predominated. A Southey’s tube was a fine capillary tube that would be placed 

into edematous tissue to aid in draining of the fluid. The tube would be placed in a subcutaneous 

position and left in to drain fluid. Though this provided a small amount of drainage, it was likely 

Figure 5: William Harvey's classic experiment showing 
venous valves, correctly describing the heart as a 
pump with blood in arteries and veins. 
 



Neely 9 
 

that the fluid removal 

was not sufficient to 

provide a therapeutic 

relief other than placebo. 

These tubes would also 

notoriously clog and stop 

draining after a short period of time due to their fine caliber as well as smooth nature which 

allowed them to be easily blocked by swelling or edematous tissue. It is easy to imagine the 

tissue of a patient in florid heart failure as being “doughy” and pliable and would likely block the 

drainage of such a tube. Regardless, this marked another attempt that was noble in effort, but still 

short of treating disease.  

While the above therapies we now know are unfruitful, one botanical therapy was used 

that was likely helpful in the treatment of heart failure.  Earliest reports of Digitalis and cardiac 

glycosides use via extractions from foxglove plants described in Physicians of Myddfai.9 This 

book was a collection of entries made by a lineage of physicians at the monastery of Myddfai. 

According to legends and the scripts, the writings date back as early 

as the 13th century, but the finding themselves were not published 

until 1861. Dates for these texts remain unconfirmed, but would 

serve as the first description of Foxglove as a medical treatment for 

heart failure or “Dropsy” as the symptoms was named. It is generally 

accepted that William Withering was the first to describe the effects 

of Foxglove and therefore, digitalis in 1785 as a treatment for heart 

failure.10 Withering was a prominent botanist and was able to link 

Figure 5: Diagram of Southey's Tubes used to drain edema from extremities 

Figure 6: Foxglove plant containing 
Digitalis, A cardiac glycoside used as 
early treatment for dropsy. 
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the symptoms of then “dropsy” for fluid overloaded states with the treatment of foxglove 

tinctures. Despite Withering’s background in chemistry, the understanding of how this tincture 

affected the human body was lacking. This milestone still is remarkable for the first descriptions 

of pathogenic based treatment rather than symptom-based treatment of heart failure whether 

physicians at the time were aware or not.  

As time progressed and the turn of the century into the 1800’s occurred, scientific 

discovery, in particular medicine, was poised to make large strides. While not necessarily used to 

treat congestive heart failure at the time, the principles and technology which they were built on 

continue to be instrumental in the modern-day diagnosis 

and management of heart failure. Of these, the most 

notable of them would be the invention of the 

stethoscope by Rene Laennec in 1819, the invention of 

the Electrocardiograph (ECG/EKG) by William 

Einthoven in 1895, and the discovery of X-Rays by 

Wilhelm Rontgen in 1895. Though not directly involved in the treatment of heart failure, these 

diagnostic tools are invaluable in current day treatment of heart failure. 

Progression to Modern medicine – Medical Directed therapy  

 Further progression of the understanding of the heart gave way to pathology-based 

treatment of the disease. Now that the heart had been characterized by its proper physiology and 

function, pathological states could be identified. Identification of this pathology resulted in 

disease-based treatments which was a leave from the symptom-based treatments that had been 

the standard of care.  

Figure 7: Rene Laennec, the inventor of the stethoscope. 
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 The first of the advancements in medical management of heart failure came in the 1950’s 

with the discovery of the first modern day diuretic, Acetazolamide.11 Other diuretics had been 

used previously, most notably herbal tincture containing caffeine, calomel, and inorganic 

mercurials first described in the 1550s.11 While each of these were mainstays in treatment for 

Dropsy, none were particularly effective and eventually wanned in favor. The latter of these, 

inorganic mercurials, were notably toxic with unfavorable side effects of profuse diarrhea.11 The 

1920s saw a resurgence of mercurial products as a potential treatment for a number of diseases. 

Pharmaceutical companies had taken note of a 

particular report of a patient with heart failure 

having modest diuretic effects after taking 

Novasural, an organic mercurial product. Much 

research was placed in this area in hopes of finding 

a well-tolerated organomercurial to have diuretic 

properties. The most notable product of this labor 

was Mersalyl which was developed in the 1920’s and was used for many decades after for heart 

failure and other fluid retentive states. Research into diuretics continued and yielded fruitful with 

the discovery of modern-day diuretic, Carbonic Anhydrase inhibitors in 1937 with 

Sulphanilamide.11 Used initially in patient who were refractory to organomercurial compounds, 

it’s more refined sister drug Acetazolamide was more potent and became available in 1954.  The 

advent of this marks the first true diuretic that was tolerable and with now acceptable toxicity 

and side effect profiles.  

As the role for medications became clear in medicine, pharmaceutical companies began 

fervently researching compounds. In the 1940s, Sharp and Dohme, a large pharmaceutical 

Figure 8: Mersalyl, an organic mercurial compound used as a diuretic 
before modern day diuretics. 
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company began a renal research program to further identify potential diuretics and other 

compounds to affect renal flow. While this project yielded many compounds that modern 

physicians would still recognize today, the most notable in the context of this project would be 

Chlorothiazide, the first thiazide diuretic.  Not only was this able to help the acute state of edema 

seen in heart failure, but it was also able to help maintain blood pressures and had a considerable 

low toxicity profile when compared to its predecessor. The next major diuretic breakthrough 

came in the late 1950s with the first loop diuretic of Ethacrynic acid followed by Furosemide. 

These drugs were later made available for prescription in 1964 and 1965, respectively. Of note, 

this is around the time frame where Southey’s tubes were phased out and were made more 

medical antiquities rather than a treatment. The 1960s also saw the invention of the potassium 

sparing diuretics including spironolactone (1961), Triamterene (1964), and Amiloride (1968).11 

Regarding heart failure management, Spironolactone remains one of the mainstays of chronic 

medical management of heart failure.21 Though this paragraph quickly encompasses the history 

of diuretics, it is worth while to take a step back and appreciate the leaps and bounds medical 

science made within the last 100 years of the writing of this paper. A mere 100 years ago, 

patients with florid heart failure were being treated with small silver capillary tubes in their legs 

(Southey’s tubes) in hopes of draining fluid as well as organic mercurial compounds for laxative 

effects. Fluid management became a realistic goal attainable through these drugs, making them a 

cornerstone of the management of acute heart failure exacerbations as well as the prevention of 

future exacerbations.  

Continuing with the trend of the pharmaceutical boom of this time frame, another 

mainstay medication of heart failure saw its advent. In the 1950s a compound called 

dichloroisoproterenol was synthesized and was found to block beta adrenergic receptors. While 
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this compound showed to be clinically ineffective, it is considered to be the first Beta-Blocker 

medication that gave rise to a wide class of medications. Initially intended to be an anti-anginal 

drug, this class of medications quickly became a mainstay in management of heart failure. By 

blocking the sympathetic input to the heart, or at least dampening it, the decreased inotropic of 

B-Blockers allowed for decreasing oxygen consumption by 

decreasing inotropy/contractility as well as chronotropy. 

Picking up from this initial work, James Black in Scotland 

pioneered Beta-blocker synthesis.12 After the first marked 

beta blocker of Pronethalol (which side effects warranted 

only emergent use), Black went on to develop Propranolol, a 

nonspecific Beta Blocker. Continued research in the Beta-

blocker area yielded many different compounds with different affinities for the different 

sympathetic receptors. Atenolol later became the first Beta 1 selective beta blocker that was 

successfully kept on the market.12 Of note, Practolol was the first selective beta blocker used in 

treatment of cardiac arrythmias, but was abandoned due to severe toxicity.12 In summary, beta-

blocker pharmacology has similarly progressed and now encompasses a wide range of 

sympathetic antagonist effects that have allowed physicians to manipulate inotropy, chronotropy, 

and afterload of the heart. In regard to heart failure specifically, metoprolol and carvedilol 

remain the two main beta blockers that improve all cause mortality and heart failure 

hospitalizations in this population via the MERIT-HF study in 1999 and the COPERNICUS 

study in 2002.13,14 

Beta blockers have remained a mainstay in chronic heart failure management as they 

have been showed to reduce mortality via prevention of maladaptive cardiac remodeling seen in 

Figure 9: Sir James Black with his synthesis 
equipment used to make the first Beta-Blockers. 
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heart failure when used in conjunction with Angiotensin Conversion Enzyme (ACE) inhibitors.  

The history of ACE inhibitors starts in the 1950’s when Leonard Skeggs and his group 

discovered ACE in human plasma.15 Though the enzyme was discovered, the specifics of its 

function and pharmacodynamics had yet to be fully elucidated. It was nearly 10 years later that a 

Brazilian scientist named Sergio Henrique Ferreira had begun researching the banana pit viper 

and how its venom caused its victims to have low blood pressure.16 This work yielded a small 

polypeptide that was found to bind and inhibit the ACE enzyme. Much research was poured into 

this and the full physiology of the Renin-Angiotensin-Aldosterone-System (RAAS) was slowly 

pieced together. Further molecular work yielded potential binding partners/inhibitors for ACE. 

This work culminated with the synthesis of Captopril, the first orally available ACE inhibitor in 

1975 which was subsequently approved by the FDA in 1981.17 Enalapril was approved 2 years 

later which was the first nonsulfhydryl-containing ACE inhibitor for those with sulfa allergies.17 

Stemming from this work, Angiotensin Receptor Blockers (ARBs) were being researched as the 

RAAS pathway became clearer and molecular techniques were improving. By the 1980s, 

molecular imaging had allowed researchers clearer insights to the structure of Angiotensin 2 

which ultimately led to the development of Losartan, the first orally available non-peptide 

angiotensin receptor blocker which was FDA approved by 1995 for clinical use.18 Though not 

particularly clinically useful today, it is interesting to note that Japanese research in the 1990s 

showed that fermented milk contained orally active short peptides that were capable of weakly 

inhibiting ACE and effectively lowering blood pressure.19  In modern day management, ACE-

Inhibitors/ARBs are indicated for any patient with the diagnosis or history of heart failure 

exacerbation as shown by the ACA/ACCF Heart Failure Guidelines of 2013.20 
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The role of sodium and fluid became clearer during this period as well with the work of 

Henry Schroeder who demonstrated the relief of edema with salt restrictive diets in the 1940s.21 

While not directly involved with the diuretics now commonly used in HF, salt restrictive diets 

are a key component in reducing congestive heart failure exacerbations.  

Modern Day – Critical Care Management of Heart Failure 

 While we have clearly made large strides in the development of chronic heart failure and 

have significantly improved mortality in this group, there is still room for improvement in the 

realm of critically ill patients. Current management revolved around diuresis and supportive care 

through this time. For those with severe heart failure classified as cardiogenic shock, Milrinone 

and Dobutamine can be used to increase inotropy and perfusion, which has helped acute 

mortality issues. The two aforementioned medications along with Digoxin (which was 

previously discussed in this paper) are the only ionotropic agents available to physicians in the 

US at the time of this writing. Due to the pharmacology of these drugs, Digoxin is the only 

medication from this list that is appropriate for an outpatient setting. While the American 

Cardiology Society still lists Digoxin as a medication for chronic heart failure,22 its use and favor 

has wanned in the recent years. This is likely due to the same issues that have plagued Digoxin 

since it’s discovery and use even in ancient time. Digoxin has a notoriously narrow therapeutic 

index that is complicated by hepatic metabolism that can be affected by other medications. Side 

effects mainly being electrolyte abnormalities and arrythmias which can prove to be fatal given 

the delicate balance that most heart failure patients tend to teeter on. Current studies into Digoxin 

show questionable mortality benefits at best with this drug and is therefore usually reserved for 

refractory cases as shown in the DIG study in 1997.23 This is in line with current mainstay 

therapies of Beta-blockers, ACE/ARBs, and diuretics; all of which aim to decrease the oxygen 
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demand of the heart by decreasing inotropy and afterload.21 Curious to note that despite all the 

pharmacologic innovations that even to this day the only orally available inotrope is one of the 

first cardiac medications to ever be described and was in use even before the understanding of 

the basic physiology of the heart.  

 While pharmacological interventions for heart failure are available, it is perhaps more 

impressive to discuss the recent innovations of the technology sector as it has moved into 

healthcare. While there are a multitude of cardiac specific devices, it is important to touch on 

heart pumps and Left Ventricular Assist Devices (LVADS).  To touch on a brief history of 

VADs, the first was created by Domingo Liotta first successfully completed in 1966 for a 37-

year-old woman to provide mechanical support 10 days following surgery.24 This first model was 

the external ventricular assist device named after the famed Dr. DeBakey. Continued research on 

these resulted in the first long term VAD to be successfully placed in 1988 which helped 

popularize this radical surgery/procedure. Eventually receiving FDA approval in 1994 and 

becoming more commonly performed by the late 1990s as technology continued to improve.25 

Modern day devices have grown increasingly 

complex but now include small, implantable 

intracardiac devices such as the Impella from 

Ambiomed that sits in the left ventricle and is able 

to provide centrifugal pumping to assist the heart 

either intraoperatively or in an ICU setting for 

Cardiogenic shock.26 Other devices such as external 

LVADs are also available for patients who require long term cardiac support such as those who 

are bridging to cardiac transplant therapy. Both above devices require anticoagulation, but safety 

Figure 10: Depiction of Impella Intracardiac pump for LV support 
from Ambiomed. 
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and efficacy of these are improving with promising data and progression as these devices 

continue to become smaller and more powerful.26 Current devices almost exclusively utilize 

continuous flow so it is important clinically to note that patients with these devices may have 

little to no pulse due to the continuous circulation. Certainly, a shocking finding if you are not 

expecting it. Previous research had been put into devices that provided pulsatile flow, but the 

increase in moving parts and complexity of valves made these devices more unreliable compared 

to their continuous flow cousins.26 Other attempts were also made to utilize patient's skeletal 

muscle that would be wrapped around either the heart itself or the Aorta to help physically 

support the heart.27 The idea was that this would prevent the need for intracardiac surgery and 

not require anticoagulation. The skeletal muscle would be stimulated with a pacemaker to 

stimulate contraction and the support. Though a fascinating medical attempt, preliminary results 

of this appeared unfruitful and this concept was abandoned due to the success of the current 

cardiac devices.   

Modern Day – Mechanical Support of Chronic Heart Failure 

 The above devices that were discussed are mainly used in the acute and sub-acute setting 

for severe heart failure that is refractory to pharmacological intervention. While these devices are 

certainly cutting edge, they are highly invasive and require chronic anticoagulation. Though also 

an invasive procedure, Implantable cardioverter-defibrillators (ICDs) have also played a role in 

chronic heart failure management on multiple fronts. Classically used as protection for lethal 

cardiac rhythms, ICDs are capable of several functions important in the management and 

surveillance of heart failure. The first of these ICDs was implanted in 1980 by Dr. Michel 

Mirowski. This was a radical procedure at the time and was severely limited by the technology 

of the time. As described by Van Welsenes et. al., “The first ICDs were large (8x11.5cm, 
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170cm^3) and heavy (280 g). These devices required open chest surgery, and the device was 

implanted in the abdomen.”28 Mortality surrounding these implants were high, but it was already 

recognized the lethality of severe cardiac arrythmias and hence, justified the risk of the 

procedure.28 These early devices were also plagued with issues as arrythmia identification 

software at the time was rudimentary at best and inappropriate shocks from the device were 

frequent. Due to these issues, many physicians at the time did not accept this form of treatment 

as part of a standard regiment and many even considered the surgery to be inhumane.28 As 

technology continued to improve, every aspect of these devices saw improvements. The device 

itself got smaller and more compact, being able to be implanted subcutaneously rather than 

within the abdomen. Catheter technologies allowed for the leads to be implanted through venous 

access rather than requiring intra cardiac surgery. Software drastically improved allowing for 

adequate rhythm detection that allowed for arrythmia tracking and drastic decrease in 

inappropriate shocks. 

Today, these devices have 

grown incredibly complex 

and are typically serviced 

by fully trained dedicated 

technologists from the 

companies that 

manufacture them rather 

than the physicians that implant them. These devices have multiple modes and can help 

resynchronize ventricles in the context of conduction abnormalities, track relative fluid status of 

the patient, monitor for arrythmias, and abort them in a graded fashion depending on the 

Figure 11: Progression of pacemaker overtime from St. Jude, one of the largest pacemaker 
manufacturers. 
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arrythmia, and alert physicians if sudden changes occur with the patient’s condition. In modern 

day, most of these devices are small, roughly the size as a pack of gum. Some of the most 

advanced pacemakers from St. Jude and Medtronic are roughly pill shaped and the size of a 

quarter.29 Though it is important to note that these particular devices function as pacemakers and 

not the more complicated ICDs that have been discussed in this paragraph.  These exciting new 

advancements that have occurred in only the past 40 years are certainly indicative of a promising 

future for these devices and their capabilities.  

 While there has been remarkable strides in the management of heart failure which has 

improved mortality, there is still room for improvement. While there is certainly no “cure” pill 

for this chronic condition, promising new therapies have come 

to light that improve the outlook for management of this 

disease. One of the newest medications in this field is 

Sacubitril, a neprolysin inhibitor. The mechanism of action of 

this new medication is to prevent the breakdown of 

bradykinin, brain natriuretic peptide, and atrial natriuretic 

peptide which are involved with the human bodies intrinsic 

diuretic system. This new medication as approved by the FDA in 2015 in combination with 

valsartan in the brand name Entresto.30 Trials for Entresto showed promising results for heart 

failure management in regard to reduced mortality and decreased hospitalizations. Entresto also 

showed a mild increase in heart efficiency regarding ejection fraction once on optimized medical 

management.30 Sacubitril is the first drug in its class and strong data from the PARADIGM-HF 

study in 2014 showing its superiority to ACE inhibitors alone alludes to the promising nature of 

this new class of medications.30  

Figure 12: Entresto, a promising new pharmaceutical 
changing the landscape of heart failure management. 
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 In even more recent news, a drug initially intended to treat diabetes has found its way 

into the chronic heart failure medication landscape. Empagliflozin, an SGLT-2 inhibitor was 

initially intended to treat diabetes by increasing urinary glucose excretion, was shown to 

decrease cardiovascular mortality and heart failure 

hospitalizations independent of an individual’s 

diabetic status.31 The specific molecular mechanisms 

of how this finding is caused by Empagliflozin have 

yet to be fully clarified, but are believed that by 

reducing glucose levels globally may lead to 

decreased microvascular inflammation commonly 

seen in diabetics and those with elevated blood sugar 

who do not meet criteria for diabetes yet. Further 

investigation is being done to clarify the relationship with empagliflozin with cardiologic, renal, 

and metabolic conditions.31 

Another cutting-edge pharmaceutical, Vericiguat, was most recently approved by the 

FDA in February 2021 for heart failure with reduced ejection fraction.32 This pharmaceutical 

represents a new class of medications that are oral soluble guanylate cyclase stimulators. 

Vericiguat was shown to reduce Cardiovascular related death and hospitalization when compared 

to placebo in the VICTORIA study.,32 While a promising novel therapy, future head-to-head 

studies will be needed to compare the efficacy of Vericiguat to the current mainstays of heart 

failure management.   

 

 

Figure 13: Jardiance or Empagliflozin, the SGLT-2 inhibitor with exciting 
new data for heart failure independent of diabetes status. 
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Conclusion 

 Human history is a story of constant exploration, discovery, and improvement; The 

subject of medicine is certainly no exception to this rule. Chronicling the progression of the 

understanding of the heart, to the discovery of heart failure, to the treatment we have available 

today as physicians truly makes one appreciate the work that has preceded us. Perhaps we all 

take for granted the myriad of pharmaceuticals, therapeutics, and devices at our fingertips that 

weren’t even an imagination 100 years ago. What we consider mainstays of therapy were only 

discovered within the last 60 years. Despite the first descriptions of presumed heart failure 

described circa. 1400 BC, it took humanity over 3000 years between the first likely descriptions 

of what was heart failure to the first publication correctly describing the anatomy and circulatory 

system of the cardiovascular system in 1628. Even still, this point is significant for the 

identification of the physiology of the heart, but little was understood regarding pathological 

states. Treatment for the term ‘dropsy’ or fluid overload was mainly based in herbal tincture and 

palliative care. Digoxin purified from foxglove plants was used at this time and did provide relief 

for patients, but current studies show digoxin merely ameliorating exacerbations without 

improving mortality. This was further exacerbated by the narrow therapeutic index of this 

medication and the likely difficulty in dosing due to the technology of the time. It wasn’t until 

the early 1900’s that we begun to see early treatments based on the understanding of heart failure 

as a chronic disease process. Diuretics, Beta-Blockers, and ACE inhibitors all play an essential 

role in modern management of the disease and are responsible for the decreased mortality and 

morbidity associated with this condition. By the 1980s, acute care settings saw the dawn of 

LVADs and intracardiac pumps inserted through catheters to treat severe acute heart failure. As 

these devices continue to innovate and change the landscape of heart failure management, so 
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does the pharmaceutical industries with novel treatments and targets such as ARNIs, SGLT-2 

inhibitors, and cyclic GMP stimulators. All of these treatments are certainly exciting new 

frontiers for medicine. Perhaps even more exciting is the realization that many of these 

significant breakthroughs have occurred within the past 40 years.  
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