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Introduction

Primary pulmonary hypertension (PPH) is a rare condition in which the blood vessels of the lungs progressively constrict, creating high pulmonary blood pressure and eventually leading to heart failure.  There is no cure for this disease, nor are there any uniformly accepted or successful therapeutic approaches.  Death is inevitable, save for a handful of long-term survivors.  Researchers unanimously agree that the disease is rare, but they don't seem to agree on exact figures for its incidence; this is apparently because PPH is difficult to detect even after extensive physiological tests have been performed.  As a little background, pulmonary hypertension in general can be divided into two categories:  primary pulmonary hypertension (PPH), in which the cause of the hypertension is not known, and secondary pulmonary hypertension, in which the cause, such as COPD or pulmonary obstruction, is known.  Both of these types have elevated pulmonary blood pressure in common, but the similarity ends there, because the pathomechanisms of each type are quite different.  The primary type is difficult to treat, because the underlying cause isn't known, even if the pathomechanism is known.  The secondary type is more responsive to treatment once the underlying cause can be taken care of.  In this paper I will focus on the general characteristics, risk factors, pathophysiology, and suspected causes of PPH.

Description


PPH is characterized by the progressive narrowing of the pulmonary blood vessels1 due to uncontrolled proliferation of endothelium and smooth muscle, 7 creating high pulmonary blood pressure, and eventually leading to right heart failure.1 Normal pulmonary artery pressure is approximately 14 mmHg at rest.9 In PPH, though, the mean pulmonary artery pressure is greater than 25 mm Hg at rest and greater than 30 mm Hg during exercise.  Pulmonary artery wedge pressure usually remains normal, of course.11
Signs & Symptoms

 
The first symptom of PPH is usually fatigue, which is somewhat insidious because many patients attribute it to being out of shape.  Other common symptoms include dyspnea, dizziness, syncope, edema in the extremities, cyanosis, and chest pain.  Palpitations, a racing pulse, and a feeling of not being able to get enough air are other symptoms.  Research has shown that the severity of symptoms of PPH does not correlate with the time the condition is thought to have started or the age at which it is diagnosed.  According to studies conducted on the PPH patient registry established by the National Heart, Lung, and Blood Institute (NHLBI), pulmonary artery pressure in patients who have had symptoms for less than one year was similar to that in patients who had symptoms for more than 3 years.  It was also found that patients who had exercise-induced dyspnea already had very high pulmonary artery pressure.  This suggests that the pressure in the pulmonary artery rises to high levels early in the course of the disease.9

The median period of survival in PPH patients is three years after diagnosis, although the survival rate is generally longer for patients without preexisting heart failure and for patients diagnosed after 40.1.  There are also some natural long-term survivors, as is the case with almost any disease.  In one study conducted retrospectively, 12 per cent of PPD patients lived 10 years after diagnosis.  The prognosis in PPD is more favorable with onset after 40 years of age, better cardiac index, lower pulmonary vascular resistance (PVR), and lower mean (not systolic) pulmonary artery pressure.12

Death in PPH patients most frequently results from progressive right ventricular failure.  Sudden death (as opposed to the slow, drawn-out death from right ventricular failure…) is the second most common type of demise in PPH patients.  Mechanisms for sudden death with PPH are thought primarily to include bradyarrhythmias and tachyarrhythmias, acute pulmonary emboli, massive pulmonary hemorrhage, and sudden right ventricular ischemia.11
History

The first reported case of PPH occurred in 1891, when a German doctor named E. Romberg published a description of a patient who, upon autopsy, showed thickening of the pulmonary artery, but showed no lung or heart disease that might have caused the condition.  Romberg diagnosed the disorder as syphilitic pulmonary arteritis.9 in 1901, Dr. Jonas Ayerza noted the extreme cyanosis associated with this disorder, and named it “cardiacos negros”. 5 In 1951, the condition was given its current name by U.S. physician D.T. Dresdale, who published a report of 39 contemporary cases. 9  

Incidence


The estimated incidence of PPH is one to two cases per million per year in the US, or 300 cases per year.  In 1988, 2404 deaths in the US were attributed to PPH.1   Worldwide figures don’t seem to be available.  PPH occurs most commonly in women between the ages of 21 and 40, and the overall female-to-male ratio is roughly 1.7:1 – almost two to one.  People of all ages, ethnicities and both sexes can develop PPH, but why more females than males develop the condition remains a mystery, even given the disease’s association with diet drugs.9 The diet-drug related cases of PPH appear to be well-documented, and the proportion of these cases to the total number of PPH cases seems to be rather small. 

PPH in Children


Childhood PPH occurs in boys and girls in equal frequency, as opposed to the 1.7:1 female to male ratio seen in adults.  Right heart failure, which is common in adult PPH patients, is rare in younger children with PPH.11 PPH also occurs in newborn babies, where it is called primary persistent pulmonary hypertension.  It is also idiopathic in origin and is associated with, but not necessarily caused by a variety of complications of pregnancy, including maternal diabetes, maternal hypertension, prolonged gestation and maternal indomethacin.  It has also been associated with endogenous conditions such as polycythemia, fetal anemia, and premature ductal closure.3 PPH of the newborn appears to be treated as a separate entity from childhood and adult onset PPH.  This is probably because it has a different set of clinically associated conditions and a different pathophysiology, even though it is a primary rather than secondary condition.11
Causes/Risk Factors


Researchers speculate that people who develop PPH have some sort of preexisting hypersensitivity in which certain internal or external factors cause the blood vessels to constrict.9 It’s possible that most, if not all, cases of PPH begin with some sort of inciting injury to the pulmonic endothelium, but the difficulty in detecting PPH before it reaches late stages have made the search for the underlying cause improbable.12 The incidence of PPH seems to be higher in those with Reynaud’s disease, for example, which involves damage to blood vessels.  At this point, researchers can only point to associated risk factors in the development of PPH, rather than to direct causes.  Some of these suspected causes, or inciting factors, include genetic or familial predisposition, autoimmune disease, 1 diet suppressants, cocaine, HIV and pregnancy.9  

Diet Drugs


A 10-fold increase in the incidence of PPH was reported in central Europe between 1967 and 1973.  This increase was traced to the use of aminorex fumarate, an appetite suppressant drug introduced in Europe in 1965.  The incidence of PPH among users of the drug was only about 1 in 1000, but it still outpaced the incidence of the disease in the non-dieting public.  Some who developed PPH improved markedly when they stopped taking the drug, while others got worse.  The incidence of PPH went back down to normal levels once aminorex was taken off the market.9 Many diet drug-related cases and outbreaks of PPH have been recorded in the US and France since the original outbreak in the 1960s.1 These have been caused mostly by fenfluramine and dexfenfluramine.9  

 
The combination of fenfluramine and phentermine (fen-phen) in diet-drugging has been used worldwide for many years, and dexfenfluramine (which was approved by the USDA for long-term control of obesity in 1997) and fen-phen have become some of the most prescribed diet drugs in the US.  The ability of fenfluramine and its derivatives to cause PPH has been documented since 1981 at least, according to several sources.  A study conducted in France, Belgium, the UK and the Netherlands, which was published in 1996, established that any use of these diet drugs was associated with a six-fold increase of developing PPH.   Use for three months was associated with a 23-fold increase in risk, and use for one year with a 50-fold increase in risk.12  


The fenfluramines increase serotonin levels  by inhibiting serotonin reuptake.  Serotonin apparently has a part in the development of valvular heart disease, and it may also have a role in the development of PPH.  Elevated serum levels of serotonin have been found in PPH patients before lung transplantation.  This abnormality tends to persist after the transplantation, which suggests that it may be an underlying problem and not simply a result of high pulmonary artery pressures.  Again, though, this is simply a correlation.  The underlying predisposition of the patient and the pathomechanism of PPH in regard to serotonin remain speculative.  In addition, there are other diet drugs associated with PPH, such as aminorex, that work on norepinephrine instead of serotonin, so other mechanisms may be involved. 12

Fenfluramine and dexenfluramine were taken off the market in the US in September, 1997 after being linked to heart valve damage.  Apparently there is not enough evidence yet to correlate the diet drugs with PPH such that their use would be banned because they were strongly linked to PPH.  The drugs are still available outside the US today.1
A nationwide class action settlement was reached between American Home Products Corporation, which makes Pondimin and Redux (commercial names for fen-phen), and users of the drugs that developed heart valve damage.  The settlement mentions the correlation between fen-phen and PPH, but does not appear to be based on development of PPH.  The settlement states that researchers at the Mayo clinic have been able to establish a firm link between fen-phen and heart valve damage.  As mentioned above, apparently not enough evidence exists yet to establish a firm link between fen-phen to PPH; there is still only a correlation.2
According to several sources, however, some researchers believe that diet drug use is correlated strongly enough with PPH that they consider it to be a cause of PPH.  If this were true, though, then PPH caused by diet drugs would actually become secondary pulmonary hypertension.  Diet drug-related PPH is as resistant to treatment as any other kind of PPH, though, and it shares the same pathophysiological characteristics with the other PPHs.  Also, the exact mechanism by which the diet drugs might induce PPH remains a mystery, so perhaps it’s safe to keep it classified as primary.  

Other Associated Exogenous Factors


An outbreak of PPH – at least the condition was pathologically identical to PPH – occurred in Spain in 1981 due to ingestion of a toxic cooking oil.12 Pulmonary hypertension was observed in more than 20,000 cases of toxic oil syndrome, which is a multi-system disorder.  The specific toxic agent in the oil still has not been identified.11 Exposed patients first developed acute respiratory distress syndrome, followed by development of PPH in a minority of patients.  This sequence strongly suggests an acute inciting vascular injury combined with some predisposition as a cause for PPH.  A similar pathological picture of PPH has been noted in cocaine exposure, probably also reflecting a response to vascular injury.12

PPH has also been associated with the consumption of L-tryptophan, which is available in over-the-counter forms for treatment of insomnia, depression, and premenstrual syndrome.  L-tryptophan consumption can produce eosinophilia-myalgia syndrome (EMS), which includes pulmonary hypertension (primary…) in some cases.  The mechanism is unknown, but it suspected to be the result of a toxic byproduct or contaminant of L-tryptophan.  Chemotheraputic agents have been implicated in the development of PVOD in several patients.11 

Autoimmunity


Autoimmunity is also thought by many researchers to play a role in the development of PPH.  A low titer ANA, which is indicative of autoimmune activity, has been seen in 10 to 30 per cent of PPH patients, and any other autoantibodies can also be present.  In one study, over 60 per cent of patients had at least one autoantibody and almost 50 per cent had multiple antibodies, the most common being ANA, anti-ssDNA, and antithyroglobulin.  Both hyperthyroidism and hypothyroidism (autoimmune conditions) have been reported in association with PPH as well.  A PPH-like clinical picture has also been found in 0.5% to 2% of HIV infection patients.12 PPH has a high prevalence in scleroderma patients too.10
Familiality/Genetics


PPH is familial in about 6 to 10 per cent of cases.  The familial form of PPH tends to resemble the sporadic, or random-public-at-large, form of the disease.9 The familial inheritance is autosomal dominant with variable penetrance, meaning that it doesn’t show up consistently between generations.  Genetic anticipation, which means that the disease occurs at earlier ages in successive generations, also occurs.  Recent data from genetic mapping studies have localized the gene to that chromosome we all know and love, 2q31-32.12  Analysis of this chromosome containing the gene has been reduced to less than seven million base pairs, so we’re getting close…10 Two research groups recently have reported that PPH is associated with defects in the BMPR2 gene, which regulates growth and development of the lung.  Apparently the defects in the gene lead to the abnormal proliferation of cells in the lung that characterizes PPH.  Although the studies of both groups suggest that only one gene is involved in PPH, neither group identified the defects in BMPR2 as the sole cause of PPH.  Because many PPH cases are non-familial, the researchers suggested that many other factors might interfere with control of tissue growth.7  The expression of this genetic inheritance is highly variable.  Even among brothers and sisters with PPH, though, the areas of the lung that are affected and the course of the disease may differ greatly.8

Families with PPH were described soon after the original clinical description of PPH in 1951.  A few documented instances of father to son transmission of the gene suggests that it is not x-linked.  Familial occurrence has been reported for both pulmonary veno-occlusive disease and capillary hemangiomatosis.11 Fewer males tend to be born in PPH families than in the population at large, which suggests that the PPH gene might influence fertilization or decrease male fetal viability.10
Other Suspected Endogenous Factors


Some evidence suggests that coagulation abnormalities play a part in the development of PPH.  Abnormalities of the thrombomodulin/protien c system and impaired fibrinolysis have been observed in PPH patients.  A number of cytokines, including endothelin-1, IL-1, IL-6, angiotensin II, and angiotensin converting enzyme, have been found at higher levels in the lungs of PPH patients, but it’s still not clear whether they are primary to the disease or occur as a result of it.12

Imbalance of vasoconstictor and vasodilator forces is another candidate.  Thromboxane A2, a vasoconstrictor and platelet aggregator, is increased in some patients with primary or secondary pulmonary hypertension, while prostacyclin, a vasodilator and anti-platelet agent, is decreased simultaneously.  These finding suggest roles for both vasoconstriction and local thrombosis.12

Migration of smooth muscle cells in the pulmonary arterioles occurs with release of an unidentified chemotactic agent from injured pulmonary endothelial cells.  Endothelial cell damage can also produce thrombosis in situ, transforming the pulmonary vascular bed from its usual anticoagulant state to a procoagulant state, which decreases the diameter of the vessels and increases pulmonary pressure.11

Many other pathophysiological processes have been described in PPH patients, but it remains unclear whether they are causes or effects of PPH.  These processes include inhibition of the voltage-regulated potassium channel (which can produce vasoconstriction), lack of expression of the prostacyclin synthase enzyme and gene, reduced expression of nitric oxide synthase (important in the angiogenesis cascade reaction), and inflammation due to the presence of mast cells.10
Pathophysiology

According to many researchers, PPH probably results from a combination of vasoconstriction, vessel narrowing through wall thickening, and thrombosis in situ.12   PPH can be divided into three pathophysiological types:  pulmonary arteriopathy, pulmonary veno-occlusive disease, and pulmonary capillary hemangiomatosis.  Pulmonary arteriopathy involves the proliferation of tiny, fibrotic pulmonary blood vessels, in networks called plexogenic lesions.  Pulmonary veno-occlusive disease, which in some research circles is called obstructive pulmonary angiopathy, is characterized by the fibrosis of the inner layers of muscular pulmonary arteries.  Pulmonary capillary hemangiomatosis is characterized by the proliferation of thin-walled microvessels, which infiltrate the walls of pulmonary arteries, arterioles and veins.  This results in fibrous obstruction of veins and hypertrophy of smooth muscle in arteries and arterioles.11  The first and third types (pulmonary arteriopathy and pulmonary capillary hemangiomatosis) are related in that both involve the proliferation of tiny blood vessels, but the vessels produced in pulmonary capillary hemangiomatosis obstruct preexisting pulmonary vessels, while those produced in pulmonary arteriopathy do not.

As stated above, it is speculated that one of the ways PPH starts is with injury to the endothelium.  This injury, from an unknown cause, may bring about changes in the way the endothelial cells interact with smooth muscle cells in the blood vessel wall, causing the smooth muscle to contract more than normal and narrow the vessel.  This process ultimately results in the development of extra amounts of tissue in the walls of the pulmonary arteries.  In vessels lined with smooth muscle, the amount of muscle increases, while smooth muscle appears in vessels that originally did not have muscle.9  In vessels under 200 microns in size, arterial obliteration, thickening of the intima, and recanalization are common, while plexiform lesions and eccentric intimal thickening are frequent in larger vessels.12  Over time, the arteries fibrose and become stiff and thickened, and some may become completely blocked.  It is also a tendency for blood clots (thrombi) to form within the smaller arteries.  The right ventricle of the heart responds to the extra workload placed upon it by thickening and expanding in size.  Eventually, the right ventricle gradually weakens and may eventually fail altogether.9

The plexiform lesion described above is a mass of disorganized vessels with proliferating endothelial cells, smooth muscle cells, myofibroblasts and macrophages, and it arises from preexisting, presumably parent arteries.  It remains a mystery wrapped inside an enigma, though, according to some researchers.  It is possible that it represents endothelial cells that are involved prominently in angiogenesis, similar to neoplasia.  Whether the plexiform lesion represents impaired proliferation or angiogenesis remains unclear, though.10
Diagnosis


PPH is rarely picked up in a routine medical exam.  Even in its later stages, the signs of the disease can be confused with those of other heart and lung conditions.  PPH is diagnosed mainly by exclusion, or as a “last resort”.  A diagnosis of PPH is arrived at only after a doctor finds pulmonary hypertension and then is unable to find any likely reason for the hypertension, such as COPD, pulmonary thromboemboli, congestive heart failure, or some form of congenital heart disease.  To exclude all other candidates, a doctor needs to use a variety of tests, including ECG, echocardiogram, pulmonary function tests, perfusion lung scan, and right heart catheterization.9

Findings detected on physical examination include a loud pulmonic component of the second heart sound, pulmonic ejection click, right ventricular lift palpable on the left parasternally, an S4 gallop emanating from the right ventricle, a systolic murmur of tricuspid regurgitation, and elevation of the jugular venous pulse with a V wave.  A right ventricular S3 gallop, marked jugular venous distension, a pulsatile hepatomegaly, ascites, and peripheral edema are reflective of right ventricular failure.6
Prognosis & Treatment


I don’t want to discuss treatment at any great length, but there are some interesting aspects to the treatment of PPH that might be good to point out.  The only truly effective treatment of PPH appears to be transplantation.  Options for transplantation include heart-lung, double-lung, and single-lung9, but the fewest complications and the longest survival rate belong to the single-lung transplant.  Survival is 70 to 80 per cent for one year after the single-lung transplant,8  which doesn’t seem like much, but it’s better than the other options, relatively speaking.  On a side note, researchers have found that the right ventricle has a surprising ability to heal itself.  In patients with lung transplants, both the structure and function of the right ventricle improve markedly.9

Interestingly enough, atrail septosotomy  shows promise for treatment of PPH, according to some researchers.  This is based on clinical observations suggesting that an intra-atrial defect (such as a patent foramen ovale) allowing right-to-left shunting in the setting of severe pulmonary hypertension might be beneficial.  This still seems to be experimental at this point.10

Ending

The curious thing about PPH is that researchers have a fairly good idea about the mechanisms of the disease, but there is no real way to effectively fix what’s wrong with PPH patients, at least from a medical standpoint.  For most diseases, a treatment or cure can usually be produced once the mechanism is known, but PPH has been resistant to treatment of any of the known or suspected mechanisms thus far.  It appears that this is just one of those conditions that will forever vex medical researchers.  In the meantime, though, current research appears to be directed mainly at uncovering more information about these mechanisms and discovering new ones, and toward correlating endogenous and exogenous causes more strongly.  So we’ll just have to wait and see what comes from all of that.
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