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A recently published article provided an update on the state of predictive genetic testing. 
This is not referring to the testing of single gene mutations that you might know as 
BRCA 1 or BRCA2, but rather the genome wide association studies (GWAS) that hunt for 
single-nucleotide polymorphisms (SNPs) on multiple genes that can be associated with 
increased risk for developing cancer, coronary artery disease, type 2 diabetes, etc. 

More than 70,000 associations between SNPs and diseases have already been identified. 
The growing amount of data has resulted in several polygenic risk scores (PRS). As the 
data set gets larger, it is becoming less likely that significant SNPs have been missed, 
although most studies have had a preponderance of people of European origin. 

Groups are actively working to standardize data to do even larger association studies 
on less common conditions. So far, the studies have reinforced the multifactorial nature 
of most common diseases with diet, exercise and environment playing a large role in 
their development. However, it appears that risk can be stratified effectively with those 
having the higher PRS having multiples of risk over those with the lowest. This all varies 
by disease and risk score. 

This is all still a work in progress as it is too early to tell if polygenic risk can be changed, 
and if so, by what method. Will environmental and behavioral changes be effective in 
reducing risk? Or will study of strongly associated SNPs result in new medications that 
will reduce risk? Only time will tell so stay tuned. 

In this issue, we also have a case of myocardial bridging by Dr. Kadouch and splenectomy  
by Dr. Rooney as well as our usual ECG Puzzler.
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CASE #1

Myocardial Bridging 

What is a myocardial bridging and what are the 
mortality implications?

Myocardial bridging (MB), first described anatomically by Reyman 
in 1737, is a congenital variant of a coronary artery in which a 
portion of an epicardial coronary artery (most frequently the 
middle segment of the LAD artery) takes an intramuscular course. 
This arrangement of a “tunneled” segment of the artery under 
the “bridge” of overlying myocardium frequently results in vessel 
compression during systole. While frequently asymptomatic this 
condition may be responsible for adverse complications including 
angina, myocardial ischemia, acute coronary syndromes, left 
ventricular stunning or dysfunction, arrhythmias or even sudden 
cardiac death.

Pathophysiology

The physiological characteristics and morphological consequences 
of MB are still not yet fully understood, even though there have 
been many studies specifically analyzing these issues. There 
are two core mechanisms through which MB is thought to 
cause myocardial ischemia and myocardial infarction (MI) – the 
development of atherosclerosis proximally from the bridged 
segment and a direct compression of the coronary artery by the 
MB. In subjects with MI, the thickness of the MB is on average 
greater compared to the ones found in subjects without MI.

It was usually considered a benign condition mostly because it 
constricts the bridged coronary during systole, while most of the 
myocardial blood perfusion occurs during diastole. Even if MB 
mainly causes a systolic narrowing of the affected coronary, both 
cardiac phases are affected. 

A 64-year-old male applied for life insurance. He has a family history of coronary artery disease in a brother who underwent a coronary 
artery bypass graft at 58. He has been treated for hypertension and hyperlipidemia. Seven months prior to the application he complained 
of progressive chest pain on exertion, typical of angina. A treadmill test lasting 10 minutes was positive for chest pain but negative for 
ECG changes. A transthoracic echo was within normal limits with a left ventricular ejection fraction of 60%. 

A left heart catheterization performed six months prior to application was negative for obstructive lesions but it revealed left anterior 
descending (LAD) artery myocardial bridging (MB) that showed minimal mid-systolic compression. The LAD was dominant and wrapped 
around the apex. The posterior descending was a small vessel. Medical therapy was started with beta blockers, a diuretic and aspirin. 
He was already on statins and an angiotensin converting enzyme inhibitor. At a one-month follow-up of the new treatment regiment, he 
was asymptomatic. 

By James Kadouch, MD
Vice President & Medical Director

jkadouch@scor.com
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  Continued

Recently, it has been recognized that myocardial ischemia is not 
purely related to systolic vascular compression. Indeed, systolic 
vessel compression has been shown to persist into mid-to-late 
diastole. The hemodynamic disturbance imposed by this persistent 
diastolic luminal narrowing was corroborated by increases in both 
average peak flow velocity and average diastolic peak flow velocity, 
with only minor changes in systolic blood flow within the bridged 
segment of the coronary artery. These data suggest that both 
systolic and diastolic flow impairment contribute to myocardial 
supply-demand mismatch in patients with myocardial bridging. 

Moreover, during left ventricular systole, this segment of the vessel 
is compressed, a condition referred to as “milking”. Myocardial 
bridge “milking” might also cause ischemia by “intramural steal” or 
“branch steal” mechanism, which are linked to decreased perfusion 
pressure of septal branches and blood suction.

Autopsy and intravascular ultrasound studies have shown that 
the intramural and distal segments of bridged vessels remain 
free from atherosclerotic disease while the proximal segment of 
the vessel is prone to developing atherosclerosis. Biomechanical 
forces may explain these observations.  

Autopsy studies have shown that coronary segments immediately 
proximal to myocardial bridges, where wall shear stress (WSS) is 
low, have structurally dysfunctional, flat and polygonal endothelial 
cells. Endothelial cells lining bridged segments where WSS is 
physiological or high are structurally intact. Clinical studies in 
patients with mild atherosclerosis without bridging have shown 
greater plaque progression in segments with low WSS compared 
with physiological or high WSS.

Epidemiology 

There is some confusion whether myocardial bridges constitute 
an anomaly or a normal variation. The prevalence of myocardial 
bridging varies between 0.15% to 25% angiographically and 5% to 
86% at autopsy with a mean of 25%.

The angiographic detection rate of MBs can be increased to 40% 
with provocative tests or intracoronary injection of nitroglycerin. A 
higher prevalence has been observed in patients with hypertrophic 
cardiomyopathy and in recipients of cardiac transplants.

The difference in prevalence when estimated by these modalities 
reflects the fact that angiographic evidence of myocardial bridging 
depends upon a variety of factors, including

 ~ the thickness of the myocardium

 ~ the length of the bridged segment

 ~ the orientation of the coronary artery to the myocardial fibers

 ~ the nature of the tissue interposed between the coronary 
artery and the myocardium

 ~ the observer’s experience 

 ~ the intensity with which bridging is sought. 

It is likely that bridging often goes unrecognized on angiography.

Myocardial bridges can be found in any epicardial artery, with 
67% to 98% occurring in the LAD. 

Diagnosis 

In most patients myocardial bridging is asymptomatic. 
Symptomatic patients may present with clinical manifestations 
of myocardial ischemia that are like those in patients with fixed 
obstructive coronary artery disease such as an acute coronary 
syndrome, coronary spasm, exercise-induced dysrhythmias, 
atrioventricular conduction block, myocardial stunning, transient 
ventricular dysfunction, syncope or sudden death.

Coronary cineangiography remains the most common technique 
for diagnosing myocardial bridging. The typical description 
of bridging on angiography involves a systolic narrowing or 
“milking” of an epicardial artery, with a “step-down” and “step-up” 
demarcating the impacted area.
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CASE #1

Myocardial Bridging 
  Continued, page 3

Intracoronary Doppler Doppler-tipped guidewires allow accurate 
measurement of intracoronary flow velocity for the first time. 
Using doppler on 47 interrogations of myocardial bridges 
revealed a characteristic “spike-and-dome” pattern or “fingertip” 
phenomenon with abrupt early diastolic flow acceleration, rapid 
mid-diastolic flow deceleration and a mid-to-late diastolic plateau. 
Retrograde flow during the systolic period can be detected 
immediately proximal to the bridged segment exacerbated by 
nitroglycerin provocation, especially in deep bridges. In addition, 
coronary flow reserve in these patients is impaired distal to the 
bridge, with a mean of 2.0 (normal >3.0), despite being normal or 
mildly reduced (mean 2.7) proximal to the bridge.

Intravascular ultrasound (IVUS) On IVUS, the tunneled segment 
of an artery clearly demonstrates systolic compression (which 
can be either eccentric or concentric) that persists into diastole. 
There is also a highly specific echolucent “half-moon” appearance 
throughout the cardiac cycle, the etiology of which is not well 
understood.

Fractional flow reserve (FFR) FFR assessment has proven to be 
an important tool in the physiologic assessment of myocardial 
bridges. Hemodynamic alteration due to the myocardial bridging 
manifested most prominently in a decrease in diastolic FFR (0.88 
down to 0.77), whereas mean FFR decreased to a lesser extent 
(0.90 down to 0.84). It is thought that mean FFR measurements 
are artifactually elevated by overshooting of systolic pressures and 
thus diastolic FFR evaluation should be the technique of choice.

Cardiac computed tomography angiography (CCTA) CCTA has 
become a valuable tool in the analysis of coronary anatomy and 
patency. Studies using CT to evaluate myocardial bridging have 
detected intramyocardial segments at much higher rates than by 
angiography. CT-based non-invasive FFR measurement may yet 
prove useful as a method for combined anatomical/hemodynamic 
study of myocardial bridges, but such an application has not yet 
been reported in the literature.

Natural history 

Most instances of bridging have no clinical significance. However, 
severe bridging of the major coronary arteries can produce 
myocardial ischemia, coronary thrombosis, myocardial infarction 
and stress cardiomyopathy.

 
Some previously asymptomatic individuals may become 
symptomatic. Pathophysiologic factors that may unmask or 
exacerbate myocardial bridges are a patient’s age, heart rate, 
left ventricular hypertrophy and the presence of coronary 
atherosclerosis. All of these may worsen the supply-demand 
mismatch imposed by the bridge, reducing coronary reserve.

Treatment 

Medical therapy appears to be the treatment of choice for the 
vast majority of patients with MB in the absence of randomized 
trials comparing optimal medical treatment versus percutaneous 
coronary intervention with drug-eluting stents.

Beta-blockers are considered first-line therapy because of their 
negative chronotropic and inotropic effects and because of the 
reduction in sympathetic drive (exertion or stress-induced).

Calcium-channel blockers may offer additional benefit by reducing 
concomitant vasospasm. Ivabradine, by reduction of the heart 
rate via specific inhibition of If ion channels, might be considered 
in place of or together with a lower dose of beta-blockers and 
calcium-channel blockers.

Aggressive risk factor modification is recommended due to the 
inherent risk of the MB inducing atherosclerosis. Antiplatelet 
therapy should be considered when subclinical atherosclerosis is 
detected.

Pure vasodilators such as nitroglycerin are not indicated because 
they can worsen symptoms due to the increased systolic 
compression of the tunneled artery, tachycardia and proximal 
vessel dilation, all of which may aggravate the flow reversal in the 
proximal coronary segment to MB.

“Milking Effect” in Coronary Angiography
(A) Systolic compression of myocardial bridges: the “milking 
effect.” (B) Subsequent increase in vessel lumen diameter during 
diastole. White arrows indicate areas of myocardial bridging.

Source: MT Corban et al J Am Coll Cardiol 2014;63:2346–55
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Patients who are refractory to maximal medical treatment may 
benefit from other therapeutic approaches including stents, 
minimally invasive coronary artery bypass grafting or surgical 
myotomy.

Prognosis 

R. Rubinshtein et al explored the relation between the presence 
of isolated MB (no prior history of coronary artery disease) and 
subsequent adverse cardiac events in symptomatic patients 
referred for coronary computed tomography angiography (CCTA). 
Outcomes were compared between patients with MB versus those 
without MB using the Cox models. They did not find a significant 
association between MB on CCTA and increased risk for CV death 
or MI during six years of follow-up.

The data about CV death and MI were confirmed by S. Hostiuc et 
al in a recent meta-analysis of 21 relevant studies. Nonetheless 
they showed an association between MB and an increased risk 
of major cardiovascular events (MACE) OR=1.52 and myocardial 
ischemia OR=3.0.

Returning to the case 

Recent non-invasive coronary imaging tests such as CCTA identify 
myocardial bridging as a common finding, apparently conveying 
a benign prognosis in most patients. In the case of this 64-year-
old applicant without obstructive lesions of coronary arteries by 
angiography, there was no objective sign of myocardial ischemia, 
but he was symptomatic, showing there is slightly greater 
suspicion of hemodynamic effects of MB. With proper medical 
treatment he is now asymptomatic, and we anticipate a low to 
low-moderate extra mortality risk.
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CASE #2

Splenectomy

A 30-year-old  male is applying for life insurance. He describes a severe case of infectious mononucleosis complicated by splenic rupture 
and subsequent splenectomy at the age of 21. Fourteen days after the splenectomy, a series of vaccines was administered. 

Regular follow up with his family physician has occurred since then, which included revaccination every five years. The applicant has been 
in good health, but he did see an urgent care doctor four years ago and was diagnosed with a sinusitis, but he was successfully treated 
with antibiotics. He was given a prescription for antibiotics to have on hand at home to be used for any future similar infections. His 
doctor mentions in the note that he counseled the patient regarding the increased risk of severe infections in asplenic patients, including 
“life threatening sepsis and death”. The Insurance lab is WNL. 

What are the mortality considerations for those 
with a prior history of splenectomy performed 
for non-malignant reasons?

The spleen is an important human organ which has multiple 
functions. It is involved in the humoral and cellular immunity 
activities of the human body which help protect from illness. The 
spleen removes bacteria as well as damaged red blood cells from 
the blood stream. It stores platelets and white blood cells. The 
blood vessels in the spleen can dilate significantly, which allows the 
storage of extra blood to be used in an emergency. However, the 
spleen’s presence is not essential for survival, and a splenectomy 
is sometimes medically necessary for a variety of reasons. 

Incidence

Splenectomy occurs in the United States approximately 25,000 
times each year. There are over one million people in the US who 
are living and asplenic.

Mortality implications

There is an increased all-cause mortality associated with 
undergoing a splenectomy. Perioperative mortality is of concern 
especially when the splenectomy is performed in an emergency 
situation.   

When the splenectomy was performed as part of the treatment 
for a malignancy or other serious chronic illness, there is increased 
mortality associated with the underlying illness. However, even 
in those without an underlying severe chronic illness, the lack of 
a fully functional spleen can independently impact survival (see 
Table 1).

There is a lifelong increased risk of severe bacterial infections, 
including sepsis. There is also increased risk of developing venous 
thromboembolism. Finally, several observational studies have 
shown asplenic individuals to have an increased risk of developing 
malignancies. This occurs even in those who had the splenectomy 
performed initially for non-malignant reasons. 

By Bill Rooney, MD 
Vice President, 

Medical Director 
brooney@scor.com
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  Continued

Asplenia

Asplenia or relative asplenia is associated with many conditions. 
Congenital absence of the spleen occasionally occurs, although it’s 
rare. Surgical splenectomy is performed for life saving treatment 
of traumatic splenic injuries. Malignant conditions occasionally 
require splenectomy.

Non-malignant conditions also can occasionally require a 
splenectomy for treatment. Examples include a variety of 
hematologic, immunological or infectious conditions (see Table 2). 
Finally, functional asplenia is associated with several conditions 
such as uncontrolled HIV or chronic graft versus host disease after 
transplantation. 

Infectious mononucleosis as a cause of 
splenectomy

One of the conditions that can lead to a splenectomy is when an 
overwhelming infection occurs. Infectious mononucleosis (IM), as 
seen in this illustrative case, is one of these infectious diseases 
associated with surgical splenectomy.

IM is frequently associated with splenomegaly (approximately 
50-100% of cases). Rarely splenomegaly can lead to splenic 
rupture (one or two cases per thousand). This rupture can occur 
spontaneously or can be associated with trauma occurring while 
the spleen is markedly enlarged.   

In fact, when atraumatic splenic rupture occurs, approximately 
27% are secondary to infections, with infectious mononucleosis 
being a prominent cause. The altered architecture of the spleen 
as well as possible sudden portal venous pressure increases are 
theorized as etiologic components to the increased incidence of 
splenic rupture in IM. Conservative non-operative treatment is the 
preferred management of splenic rupture, although splenectomy 
is sometimes required. Splenectomy occurs typically as an 
emergency operation since splenic rupture can be life threatening. 

TABLE 1 — COMPLICATIONS OF SPLENECTOMY REPORTED IN THE LITERATURE

Infections Cancers Other

Pneumonia Solid tumors (e.g., colon, liver, lung, prostate) DVT

Meningitis Hematologic cancers (e.g., Hodgkin lymphoma,  
non-Hodgkin lymphoma, leukemia, multiple myeloma)

Pulmonary embolism

Sepsis Portal vein thrombosis
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CASE #2

Splenectomy
  Continued, page 7

Mortality concern:  infections/sepsis

One of the major mortality concerns in post-splenectomy 
individuals is sepsis. The spleen is very effective in clearing 
bacteria from the bloodstream and is imperative to maintaining a 
highly effective humoral immune system. 

Virulent, encapsulated bacteria are more dangerous and more 
apt to create severe life-threatening illnesses in those without a 
functioning spleen. In addition, the deficiency of IgM antibodies 
and depressed T-cell function associated with the absence of a 
healthy spleen can lead to devastating results from infectious 
agents. 

Mortality can be as high as 50% with sepsis. Sepsis can be very 
sudden in onset and in some cases can be catastrophically severe 
with deterioration and death occurring within hours. Because 
of this, clinicians typically suggest treating febrile illnesses 
aggressively to avoid this complication. For those individuals who 
are immunocompromised (e.g., chronic immunosuppressive drug 
use, HIV, congenital agammaglobulinemia, cancer and transplant 
patients) there is an increased risk for severe infections and sepsis. 

There are several strategies used to mitigate the risk of infection 
after a splenectomy (see Table 3). To decrease the chance for 
contracting these potentially dangerous post-splenectomy 
infections, aggressive immunization is recommended. 

Since most causes of sepsis are from Streptococcus pneumonae 
(pneumococcus), this organism is especially important to target. 
However, other bacteria (e.g., Haemophilus influenzae type b 
(Hib)) and viruses (i.e., influenza) are also targets of immunization. 
Revaccination is sometimes required. 

Unfortunately, immunization is not 100% effective in preventing all 
cases of infections from the targeted organisms. In addition, other 
infectious agents (e.g., Escherichia coli, Staphylococcus aureus) 
have no immunization option. These organisms can be extremely 
virulent and pose a danger in patients without an intact spleen. 

To mitigate the risk for developing the most severe complications 
of an acquired infection, patients are typically educated on the 
importance of prompt clinical evaluation when an infection occurs. 
Urgent care is needed anytime there is a febrile illness or an illness 
with severe symptoms. Antibiotics are frequently prescribed early 
in the infectious illness course. 

Prophylactic antibiotics are sometimes recommended in certain 
post-splenectomy patients, especially for those who have had an 
episode of post-splenectomy sepsis or those in the first one to two 
years after splenectomy. 
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Other causes of increased mortality

Although sepsis is the most common illness impacting mortality in 
asplenic individuals, there have also been reports in the literature 
of other causes of increased mortality. These includes both 
thrombotic disease and malignancy.   

One study published in 2013 by S. Kristinsson et al in Supportive 
Care in Hematology evaluated the records from 8,149 cancer-free 
veterans who underwent splenectomy. Follow-up in this study 
occurred for up to 27 years following surgery. 

Researchers observed an increased rate of thrombotic disorders 
(e.g., deep venous thrombosis and pulmonary embolism: rate 
ratios=2.2). 

Researchers also observed an increase in the development of 
cancer. Certain solid tumors (e.g., buccal, esophagus, liver, colon, 
pancreas, lung and prostate: rate ratios=1.3-1.9) and hematologic 
malignancies (e.g., non-Hodgkin lymphoma, Hodgkin lymphoma, 
multiple myeloma, acute myeloid leukemia, chronic lymphocytic 
leukemia, chronic myeloid leukemia and any leukemia: rate 
ratios=1.6-3.0) were observed. Risk for these complications was 
observed even 10 years after the splenectomy. 

An increased risk of developing cancer as noted in the Kristinsson 
et al study has been associated with a splenectomy in other 
studies as well. However, there are studies which cast doubt on 
an increased risk of malignancy after splenectomy. For instance, 
one large study published in 1995 by Mellemkjoer et al in Cancer 
observed no increased risk of malignancy in the 6,315 trauma-
associated splenectomized patients. Further studies are needed 
to evaluate the risk of cancer in splenectomized patients. 

The CDC estimates the average risk in the general population 
for thromboembolic disease to be approximately one to two 
per 1,000 people per year with an estimated 60,000-100,000 
Americans dying annually from this condition. As mentioned 
above, splenectomized patients are thought to be at increased risk 
of venous thromboembolism. 

While thromboembolic complications can occur in any blood 
vessel, the risk is especially prevalent in the splenic and venous 
portal (SPV) system. The risk is highest in the first few months 
after splenectomy; however, some estimate the risk to remain 
elevated by threefold a year or more after the procedure.     

  Continued

TABLE 2 — CONDITIONS ASSOCIATED WITH ABSOLUTE OR RELATIVE NEED FOR SPLENECTOMY (NOT INCLUSIVE)

Malignant Conditions Hematological Conditions Other

Primary splenic malignancy or splenic involvement of 
adjacent tumors (e.g., gastric, pancreatic)

Hereditary sphyerocytosis Trauma

Hematogical malignancies (e.g., acute leukemia, 
chronic myeloid leukemia, chronic lymphatic leukemia)

Sickle cell disease Spontaneous rupture secondary to 
infection

Metastasis Immune thrombocytopenic 
purpura

Splenic artery aneurysm

Hypersplenism Splenic cysts

Thalassemia Portal hypertension

Autoimmune hemolytic anemia Metabolic storage disorders (e.g,, 
amyloidosis, Gaucher’s disease)
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Splenectomy
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TABLE 3 — TREATMENT AFTER SPLENECTOMY

Vaccination Antibiotics Other

Pneumococcal - both types (Pneumovax-23 and 
Prevnar 13)
Revaccination every five years

Prophylactic Education

HiB (Haemophilus influenza type B)
Revaccination not required

Early treatment of febrile 
illnesses

Early clinical evaluation following an animal 
bite, tick bite or any febrile illness

Meningococcal - both types (MenACQWY and MenB)
Revaccination every five years for MenACWY vaccine

Influenza
Revaccination every year

Tetanus, diptheria, pertussis 
Routine revaccination

Zoster (if 50 years old or older)

Returning to the case

This otherwise healthy 30-year-old patient has an interesting 
history of infectious mononucleosis complicated by a ruptured 
spleen which required a splenectomy. His family doctor has 
identified him as having an increased mortality risk and has 
initiated several mitigating activities to offset this risk. 

He has been vaccinated regularly, has been educated regarding the 
importance of prompt care for infectious conditions and has had 
good surveillance. There have been no thrombotic or malignancy 

complications. He has had occasional infections but has consulted 
a physician early in the disease and has responded promptly. 

Although a history of a splenectomy is associated with an increased 
mortality risk, there does not appear to be a significantly increased 
mortality risk in this case. 
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www.scor.com

SCOR is forming partnerships around the 
world to advance next generation underwriting 
and health & wellness programs. Our pilot 
programs and R&D efforts are connecting our 
reinsurance clients to new players from outside 
the industry. It’s important for us to be at the 
forefront of change… to tap into innovation 
taking place outside the industry and make its 
value available to our clients.
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SOLVE

ECG Puzzler

Here is the latest ECG Puzzler to solve. 

A 65-year-old female applied for life insurance. 
She disclosed a history of chronic bronchitis 
since childhood. She was prescribed prednisone 
and Levosin. Her BMI is 22. 

From the records her most recent SpO2 was 
93%, but it had been as low as 90% in the past. 
No pulmonary function testing was included. 
The ECG done for insurance appears at right.

Visit the Housecalls page on our website at  
www.scorgloballifeamericas.com to find the 
answer. Click on Summer 2019 Puzzler to 
confirm your findings. 


