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Cardiac Murmur Essentials: From Innocent 
to Pathologic - A Nursing Reference 
 
Cardiac murmurs are common in clinical practice. Most people experience an innocent heart 
murmur at some point during childhood. One-third to three-quarters of children develop one 
between ages 1 and 14. Turbulent blood flow through the heart creates these sounds. Many 
murmurs are harmless, but nurses must distinguish innocent murmurs from pathologic conditions 
with precision. This reference guide covers types of heart murmurs and grading murmurs using 
standardized scales. It also addresses heart murmur causes like congenital defects and valve 
disease, heart murmur symptoms that need escalation, and heart murmur treatments for various 
cardiac conditions. 

Understanding Heart Murmurs: Basic Definition and 
Sound Characteristics 
A cardiac murmur is a whooshing, rasping, or blowing sound heard during 
auscultation. It differs from normal heart sounds. The sound comes from 
turbulent blood flow through heart valves or near cardiac structures. The 
difference between normal cardiac sounds and murmurs is the foundation for 
accurate assessment. 

Normal Heart Sounds vs Murmur Sounds 

The familiar "lub-dub" pattern represents two normal heart sounds designated 
S1 and S2. S1 occurs when mitral and tricuspid valves close as ventricular 
pressures exceed atrial pressures at the beginning of systole. This sound 
marks the start of ventricular systole and corresponds to the pulse. S2 follows 
and is produced by closure of the aortic and pulmonary valves at the end of 
systole. The aortic valve closes before the pulmonary valve because of higher 
pressure in the aorta compared to the pulmonary artery. This split becomes 
more pronounced with inspiration as increased venous return to the right 
ventricle delays pulmonary valve closure. 
Two additional low-frequency sounds, S3 and S4, may be audible during 
cardiac examination. S3 results when a large volume of blood impacts 
ventricular walls during early diastole. This sound can be normal in children, 
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pregnant women and athletes but indicates ventricular dysfunction in adults 
over 40. S4 occurs during late diastole just before S1 and is always pathologic 
when present. S4 indicates dysfunction of ventricular relaxation and is 
believed to result from vibrations when blood flows against a stiff ventricular 
wall. S3 differs from S4 in this regard. 
Heart murmurs differ from these valve closure sounds. Murmurs represent 
sustained sounds throughout portions of the cardiac cycle rather than discrete 
events. They are classified by timing as systolic (between S1 and S2), 
diastolic (between S2 and S1), or continuous (throughout the heartbeat). 
Diastolic murmurs are always abnormal. Systolic murmurs may be normal or 
pathologic. 

Blood Flow Patterns That Create Murmurs 

Turbulent blood flow produces the characteristic sounds of cardiac 
murmurs. Research has showed a linear relationship between sound energy 
density and turbulent energy density, with a relation of 0.92. Acoustic power 
output relates to turbulent power supply at 0.87. Murmurs become audible at 
the chest wall when turbulence power exceeds 3 ergs/sec per cm². The 
clinical intensity grading of murmurs increases with turbulence power. 
Multiple mechanisms generate this turbulent flow. Low blood viscosity from 
anemia creates perturbations in normal flow patterns. Septal defects allow 
abnormal shunting between cardiac chambers. Failure of the ductus 
arteriosus to close in newborns maintains fetal circulation patterns. Excessive 
hydrostatic pressure on valves leads to valve failure. Hypertrophic obstructive 
cardiomyopathy creates outflow tract obstruction. 
Valve-specific pathologies include stenosis (narrowing of valve openings) and 
regurgitation (backward leakage through incompetent valves). Functional 
murmurs can occur without valvular pathology in high cardiac output 
states. Very high flow velocities in the aorta lead to turbulent flow during the 
ejection phase. To name just one example, trained athletes and people with 
anemia develop physiologic ejection murmurs. Pregnancy increases resting 
cardiac output and can cause physiologic murmurs that intensify further during 
exercise. 
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Prevalence in Clinical Practice 

Heart murmurs appear often in people of all ages. Between 0.6% and 8.6% of 
asymptomatic infants have a murmur, with up to 8.6% of all infants developing 
one during early life. The prevalence increases in childhood, where 20% to 
80% of children have innocent murmurs. Only 1% of childhood murmurs are 
associated with structural heart disease requiring intervention. 
Trained clinicians can reach 70% sensitivity and 98% specificity for murmur 
detection. Recent studies show general practitioners detected murmurs in 
23% of participants. Systolic murmurs showed 100% sensitivity for aortic 
stenosis but lower sensitivity for aortic regurgitation (43%) and mitral 
regurgitation (29%). Specificity was over 94% for all valvular heart disease 
types. Diastolic murmurs were rare but highly specific at over 99%. 

Types of Heart Murmurs: Timing and Classification 
Classification of heart murmurs by timing within the cardiac cycle provides the 
framework for diagnostic assessment. Timing determines whether a murmur 
occurs during ventricular contraction, relaxation, or both phases. 

Systolic Murmurs 

Systolic murmurs occur at or after S1 and finish before or at S2. They 
accompany ventricular contraction and ejection phases. These murmurs can 
be further classified as early, mid, or late systolic. 
Ejection murmurs start in the semilunar valves and may be functional or 
organic. Mid-systolic ejection murmurs often demonstrate a crescendo-
decrescendo character. They start softly and become loudest near mid-
systole before decreasing in intensity. This pattern results from turbulent 
forward flow through narrowed or irregular valves or outflow tracts. Aortic 
stenosis produces the characteristic crescendo-decrescendo systolic murmur 
auscultated at the right upper sternal border and may radiate to the carotid 
arteries. Pulmonic stenosis creates a similar crescendo-decrescendo systolic 
ejection murmur heard loudest at the upper left sternal border. 
Holosystolic murmurs, also called pansystolic, maintain high intensity 
throughout systole. These murmurs represent retrograde flow from regurgitant 
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valves. Mitral regurgitation produces a systolic murmur best heard at the left 
5th midclavicular line with possible radiation to the left axilla. Tricuspid 
regurgitation creates a systolic murmur auscultated at the lower left sternal 
border. Ventricular septal defects create similar holosystolic patterns. 
Late systolic murmurs, which may or may not be preceded by a click, are 
typical of mitral valve prolapse or papillary muscle dysfunction. This murmur is 
auscultated as an early systolic click with a possible late systolic murmur 
component. 
Keep in mind that systolic murmurs may be normal or abnormal. Innocent or 
functional systolic ejection murmurs occur without hemodynamic outflow tract 
obstruction and do not necessarily indicate a disorder. 

Diastolic Murmurs 

Diastolic murmurs occur at or after S2 and finish before or at S1. All diastolic 
murmurs are always abnormal and suggest some alteration of cardiovascular 
anatomy or function. They are associated with ventricular relaxation and 
filling. 
Early diastolic murmurs often result from aortic regurgitation or pulmonic 
regurgitation. Aortic regurgitation presents as a decrescendo blowing diastolic 
murmur heard best at the left lower sternal border. The murmur begins with 
the aortic component of the second sound and is decrescendo in intensity for 
a variable duration of diastole. Pulmonary valve regurgitation produces an 
early diastolic, decrescendo murmur beginning with the pulmonary component 
of the second sound, best heard along the upper left sternal border. 
Mid diastolic murmurs are often due to mitral stenosis or tricuspid 
stenosis. Mitral stenosis produces a diastolic murmur best heard at the left 5th 
midclavicular line. A mitral valve rumble is a low-frequency diastolic murmur 
occurring in mid-diastole. Tricuspid stenosis creates a diastolic murmur best 
heard at the lower left sternal border. 
Late diastolic (presystolic) murmurs may occur in patients with rheumatic 
mitral stenosis who remain in sinus rhythm. 
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How to Master Interpreting Blood Gasses: 
A Step-by-Step Guide for Nurses 
Every nurse must become skilled at interpreting blood gasses accurately. Signs of acid-
base disturbances are often vague and difficult to separate from underlying disease 
symptoms. Blood gas analysis becomes essential for patient care. More than that, 
metabolic acid-base alterations can lead to altered cardiovascular, neurologic and 
respiratory function. 
Normal blood gas values form the foundation of understanding. A normal blood pH 
ranges from 7.35 to 7.45. PaCO2 ranges from 35 to 45 mmHg, and HCO3 from 22 to 26 
mEq/L. This piece breaks down the interpretation of arterial blood gas step-by-step. It 
helps nurses analyze results confidently and provide better patient care. 

What Are Blood Gasses and Why They Matter for Nurses 
Blood gas analysis serves as a diagnostic tool to assess the partial pressures of gas in 
blood and acid-base content. This testing method helps healthcare providers 
understand respiratory, circulatory, and metabolic disorders that occur in patients. The 
arterial blood gas (ABG) analyzes blood taken from an artery explicitly, which is different 
from standard blood tests that draw from veins. 

Understanding Arterial Blood Gas Testing 

An ABG assesses the patient's partial pressure of oxygen (PaO2) and carbon dioxide 
(PaCO2), along with pH levels. PaO2 provides information on the oxygenation 
status. PaCO2 offers information on the ventilation status and helps identify chronic or 
acute respiratory failure. Hyperventilation affects PaCO2, characterized by rapid or 
deep breathing, and hypoventilation, characterized by slow or shallow breathing. 
The acid-base balance tested by the ABG procedure measures the pH and PaCO2 
directly. The Hasselbach equation gives the serum bicarbonate (HCO3) and base deficit 
or excess. Blood gas analysis can be performed on blood obtained from anywhere in 
the circulatory system, including arteries, veins, or capillaries. But arterial sampling 
remains the gold standard method due to higher oxygen levels in arterial blood 
compared to venous blood. 
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A respiratory therapist usually performs blood draws for arterial blood gas tests from an 
artery in the wrist, arm, or groin. The sample must be processed quickly, often within 10 
to 15 minutes using automated blood gas analyzers. The blood sample is placed in an 
ice-water bag to minimize metabolic activity for accuracy. 

The Role of Blood Gasses in Patient Care 

ABG analysis shows exceptional value as a diagnostic tool for acid-base diseases, 
which include a variety of conditions. Healthcare professionals assess many diseases 
using an ABG: 

• Acute respiratory distress syndrome (ARDS) 
• Severe sepsis and septic shock 
• Hypovolemic shock 
• Diabetic ketoacidosis 
• Renal tubular acidosis 
• Acute and chronic respiratory failure 
• Heart failure and cardiac arrest 
• Asthma 
• Inborn errors of metabolism 

Emergency medicine, intensivist, anesthesiology, and pulmonology clinicians order 
arterial blood gasses frequently, though these tests may also be used in other clinical 
settings. ABG monitoring is the standard for assessing a patient's oxygenation, 
ventilation, and acid-base status. The test provides immediate insights into a patient's 
condition in intensive care units and helps assess the need for ventilatory support and 
guides adjustments to medications and treatments. 
Calculating an alveolar-arterial oxygen gradient can help narrow down the hypoxemia 
cause. A normal PaO2 value does not rule out respiratory failure, especially when you 
have supplemental oxygen. The PaCO2 reflects pulmonary ventilation and cellular CO2 
production. It serves as a more sensitive marker of ventilatory failure than PaO2, 
especially when you have supplemental oxygen. 
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Why Nurses Must Know ABG Interpretation 

Interpreting an arterial blood gas is a significant skill for physicians, nurses, respiratory 
therapists, and other health care personnel. ABG interpretation is especially important in 
patients who are critically ill. ABG analysis is a process that involves multiple healthcare 
providers in most hospital settings, including physicians, respiratory therapists, and 
nurses. Hence, interprofessional coordination, cooperation, and communication are 
vitally important. 
Nurses work shoulder to shoulder with emergency department physicians to assess and 
treat incoming patients. Analyzes of arterial blood-gas and venous blood-gas samples 
are used to assess the patient's oxygenation, ventilation, and acid-base balance. Blood 
gas analysis enables a clear understanding of respiratory, circulatory, and metabolic 
disorders. Nurses can analyze blood gas values confidently and make wise choices 
about appropriate nursing actions by using a systematic approach. 
Mastering arterial blood gas interpretation gives nurses a powerful tool for optimizing 
patient care. Nurses can identify imbalances, cooperate effectively with the healthcare 
team, and implement targeted interventions by understanding the interplay between pH, 
PaCO2, HCO3, and SaO2. 

Normal Blood Gas Values Every Nurse Should Memorize 
Normal blood gas values are the foundations of accurate ABG interpretation. Nurses 
cannot identify abnormalities or understand the severity of acid-base disturbances 
without these reference points established in memory. The human body maintains these 
values within tight ranges, and even small deviations signal potential problems that 
require immediate attention. 

pH Normal Range (7.35-7.45) 

Arterial blood pH ranges from 7.35 to 7.45. This narrow window reflects the body's 
commitment to maintaining an environment that is alkaline. Blood exists in this alkaline 
state, and the body employs multiple mechanisms to keep pH within these boundaries. 
A pH below 7.35 indicates acidemia, meaning the blood has become too acidic. A pH 
above 7.45 signals alkalemia, where the blood is not acidic enough. The body works to 
maintain pH in this range because enzymatic and protein function depends on it. Coma 
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can result if pH levels drop below 6.9. Different organs function best at specific pH 
levels, making this balance significant for overall health. 

PaCO2 Normal Range (35-45 mmHg) 

The partial pressure of carbon dioxide falls between 35 and 45 mmHg under normal 
conditions. This measurement serves as the respiratory determinant in blood gas 
analysis. PaCO2 levels below 35 mmHg signal hyperventilation and cause excessive 
CO2 expulsion. Values above 45 mmHg indicate hypoventilation, where the respiratory 
system fails to eliminate adequate carbon dioxide. 
Some variation exists for chronic CO2 retainers, especially when you have chronic 
obstructive pulmonary disease. These patients may function at PaCO2 levels that are 
elevated due to their body's adaptation to chronic respiratory compromise. 

HCO3 Normal Range (22-26 mEq/L) 

Bicarbonate levels measure between 22 and 26 mEq/L. This component represents the 
metabolic determinant in ABG interpretation. Normal bicarbonate values fall within this 
range, though some sources acknowledge a range that extends to 28 mEq/L. 
HCO3 levels below 22 mEq/L suggest metabolic acidosis, seen in conditions like 
diabetic ketoacidosis or lactic acidosis. Bicarbonate above 26 mEq/L points toward 
metabolic alkalosis. Understanding this metabolic component allows nurses to 
distinguish between respiratory and metabolic causes of acid-base disturbances. 

PaO2 and SaO2 Values 

The partial pressure of oxygen varies more than other ABG components. Most sources 
cite a normal PaO2 range of 80 to 100 mmHg, though some include values as low as 75 
mmHg. This measurement indicates the small amount of oxygen dissolved in plasma 
after diffusing from alveolar spaces in the lungs. 
PaO2 decreases with age and makes age-adjusted interpretation necessary. A patient 
over 70 years may have a normal PaO2 around 70 to 80 mmHg at sea level. A useful 
calculation suggests that normal PaO2 at sea level equals 100 minus the number of 
years over age 40. To name just one example, a 60-year-old patient would have an 
expected PaO2 of 80 mmHg using this formula. 

http://kategizegames.com/katmed


Interpreting Blood Gasses 

Alfred Ricks Jr., MD  Kategize Medical kategizegames.com/katmed 

5 

Oxygen saturation (SaO2) ranges from 95 to 100 percent. This calculated value 
represents the percentage of hemoglobin saturated with oxygen. The relationship 
between PaO2 and SaO2 follows a nonlinear pattern affected by temperature and pH. 
Normal ranges rather than single values prove essential for interpreting blood 
gasses. Some authorities prefer narrower confidence intervals to detect subtle changes 
earlier and recommend ranges of 7.38 to 7.42 for pH and 38 to 42 for PaCO2. Whatever 
range a facility adopts, consistency in application matters more than the specific 
parameters chosen. 
Hypoxemia occurs when PaO2 falls below 80 mmHg. Conditions like chronic obstructive 
pulmonary disease and pneumonia cause this oxygen deficit. PaO2 serves as a 
sensitive indicator of the lungs' gas exchange capabilities and potentially shows 
impairment from any parenchymal lung problem. 

Step 1: Assess the pH Level 
A systematic approach to interpreting arterial blood gas results begins with perusing the 
pH level. This method ensures consistent and accurate interpretation across all patient 
scenarios. The Romanski method of analysis stands out as the most simplistic 
approach for all levels of providers and helps determine the presence of an acid-base 
disorder, its main cause, and whether compensation exists. 

Understanding pH as Your Starting Point 

You should assess the pH first when interpreting blood gasses. This original step 
provides the foundation for all subsequent analysis. The pH establishes whether an 
acid-base disorder exists and guides the direction of further investigation. 
A systematic evaluation prevents missed diagnoses and reduces interpretation 
errors. Some practitioners verify internal consistency using the Henderson-Hasselbalch 
equation before proceeding, though this step confirms the validity of the ABG result. 
The interpretation process moves forward once pH validity is established. 
Using 7.40 as the reference point for normal pH proves more effective than thinking 
over the entire 7.35-7.45 range as equivalent. Therefore, a pH of 7.37 should be 
categorized as acidosis, while a pH of 7.42 represents alkalemia. This approach 
provides sharper clinical differences and catches subtle imbalances earlier. 
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