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Understanding the pulmonary diffusing capacity for carbon monoxide (DLCO) is a vital
component in the assessment and diagnosis of various lung pathologies. DLCO measures
how effectively gases transfer from the alveoli into the blood, offering insights into the
integrity of the alveolar-capillary membrane and pulmonary blood volume. When
interpreting DLCO results, clinicians can narrow down potential diagnoses, especially when
combined with other pulmonary function tests and clinical information. This article explores
the differential diagnosis based on DLCO values, emphasizing their importance in clinical
decision-making.

Understanding DLCO and Its Clinical Significance

Before diving into differential diagnoses, it’s essential to understand what DLCO measures
and how it relates to pulmonary health.

What Is DLCO?
DLCO, or diffusing capacity for carbon monoxide, quantifies the lungs' ability to transfer gas
from inhaled air into the bloodstream. It involves inhaling a small amount of carbon
monoxide, holding breath briefly, and then exhaling to measure how much CO was
absorbed.

Factors Influencing DLCO
Various factors can influence DLCO readings, including:

Alveolar surface area

Thickness of the alveolar-capillary membrane

Pulmonary blood volume and hemoglobin levels

Ventilation-perfusion matching

Normal vs. Abnormal DLCO Values
Typically, a DLCO value is expressed as a percentage of the predicted value based on age,
sex, height, and ethnicity:



Normal DLCO: 80-120% of predicted

Reduced DLCO: Less than 80% of predicted

Elevated DLCO: Greater than 120% of predicted (less common)

Understanding whether DLCO is normal, decreased, or increased guides clinicians toward
specific differential diagnoses.

Differential Diagnosis Based on Reduced DLCO

A decreased DLCO suggests impaired gas exchange, often due to alveolar or capillary
pathology. Several conditions can cause a reduction in DLCO, each with distinct
pathophysiological mechanisms.

Interstitial Lung Diseases (ILDs)
Interstitial lung diseases involve fibrosis or inflammation affecting the lung interstitium,
leading to thickening of the alveolar-capillary membrane and reduced gas transfer.

Idiopathic Pulmonary Fibrosis (IPF): Progressive fibrosis causes stiff lungs,
decreasing DLCO and lung compliance.

Connective Tissue Disease-Related ILD: Conditions like systemic sclerosis or
rheumatoid arthritis often involve interstitial inflammation and fibrosis, reducing
DLCO.

Nonspecific Interstitial Pneumonitis (NSIP): Characterized by uniform interstitial
inflammation, leading to decreased DLCO.

Emphysema and Other Obstructive Lung Diseases
Emphysema involves destruction of alveolar walls, decreasing surface area for gas
exchange.

Emphysema (COPD): Destruction of alveolar walls reduces effective surface area,
resulting in decreased DLCO.

Smoking-Related Lung Disease: Chronic exposure causes emphysematous
changes, lowering DLCO.



Pulmonary Vascular Diseases
Vascular pathologies impair blood flow through the pulmonary capillary bed, leading to
reduced DLCO.

Pulmonary Hypertension: Elevated pulmonary arterial pressure can diminish
capillary blood volume, decreasing DLCO.

Pulmonary Embolism: Obstruction of pulmonary vessels can cause a transient or
chronic reduction in gas transfer capacity.

Vasculitis Affecting Pulmonary Vasculature: Conditions like granulomatosis with
polyangiitis may involve vessel inflammation, impairing diffusion.

Anemia and Hemoglobinopathies
Since CO binds to hemoglobin, anemia can falsely lower DLCO readings. Conversely,
polycythemia can increase DLCO.

Anemia: Reduced hemoglobin levels lead to decreased CO uptake, falsely lowering
DLCO.

Polycythemia: Increased hemoglobin can elevate DLCO, sometimes masking
underlying pathology.

Other Causes of Reduced DLCO
Additional factors contributing to decreased DLCO include:

Lung mass or atelectasis causing alveolar hypoventilation

Recent lung surgery or trauma

Obesity affecting lung mechanics

Differential Diagnosis Based on Elevated DLCO

Elevated DLCO is less common but can occur in certain conditions, often reflecting
increased pulmonary blood volume or hyperemia.



Conditions Associated with Elevated DLCO

Anemia with Elevated DLCO: As hemoglobin increases, more CO binds, raising
DLCO.

Asthma and Allergic Bronchopulmonary Aspergillosis (ABPA): Increased
pulmonary blood flow and hyperemia can elevate DLCO.

Exercise-Induced Pulmonary Hyperemia: During intense activity, increased blood
flow can transiently raise DLCO.

Lung Hemorrhage or Pulmonary Congestion: Bleeding into alveolar spaces or
congestion increases capillary blood volume, elevating DLCO.

Integrating DLCO Into the Diagnostic Process

While DLCO provides valuable clues, it should not be interpreted in isolation. Combining
DLCO results with other pulmonary function tests, imaging studies, and clinical features
enhances diagnostic accuracy.

Complementary Pulmonary Function Tests

Forced Vital Capacity (FVC): Helps distinguish restrictive from obstructive patterns.

Forced Expiratory Volume in 1 Second (FEV1): Assists in diagnosing obstructive
diseases.

FEV1/FVC Ratio: Differentiates obstructive vs. restrictive patterns.

Imaging Studies

High-Resolution CT (HRCT): Detects interstitial fibrosis, emphysema, or vascular
abnormalities.

V/Q Scans: Assess for pulmonary embolism or ventilation-perfusion mismatch.



Clinical Correlation
Assessment of symptoms such as dyspnea, cough, or hemoptysis, alongside laboratory
data, guides towards specific diagnoses.

Conclusion

The interpretation of DLCO values plays a crucial role in the differential diagnosis of lung
diseases. Reduced DLCO points toward interstitial lung diseases, emphysema, vascular
pathologies, or anemia, while elevated DLCO can be seen in conditions involving increased
pulmonary blood flow or hemoglobin levels. Recognizing these patterns allows clinicians to
narrow down potential causes, order targeted investigations, and formulate effective
management plans. Ultimately, integrating DLCO results with clinical findings and other
diagnostic modalities ensures a comprehensive approach to pulmonary disease diagnosis.
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Frequently Asked Questions

How does carbon monoxide diffusing capacity (DLCO)
assist in differentiating between restrictive and
obstructive lung diseases?
DLCO helps distinguish between restrictive and obstructive patterns by measuring gas
transfer efficiency. Reduced DLCO is common in restrictive diseases like pulmonary fibrosis,
whereas in obstructive diseases like COPD, DLCO may be normal or decreased depending
on emphysema severity. Therefore, DLCO aids in identifying the underlying pathology
based on gas exchange impairment.

What are the typical DLCO findings in interstitial lung
diseases compared to pulmonary vascular diseases?
In interstitial lung diseases, DLCO is usually significantly reduced due to thickening of
alveolar-capillary membranes impairing gas transfer. Conversely, in pulmonary vascular
diseases such as pulmonary hypertension, DLCO is often decreased due to reduced
pulmonary capillary blood volume but may sometimes be less severely affected than in
fibrosis, aiding in differential diagnosis.

Can DLCO measurements help differentiate between
anemia and lung-related causes of hypoxemia?
Yes, DLCO can assist in this differentiation. In anemia, DLCO is typically normal or increased



because the reduced hemoglobin affects oxygen transport but not gas transfer capacity per
se. In contrast, lung diseases with impaired alveolar-capillary interface show decreased
DLCO, helping clinicians distinguish between hematologic and pulmonary causes of
hypoxemia.

What is the significance of a normal DLCO in a patient
with restrictive lung physiology?
A normal DLCO in restrictive lung conditions suggests that the gas exchange surface
remains intact, pointing toward chest wall disorders, obesity, or early-stage fibrosis. It helps
exclude more severe interstitial involvement and guides further diagnostic evaluation
toward non-parenchymal causes.

How can serial DLCO measurements be useful in
monitoring disease progression or response to therapy?
Serial DLCO testing allows clinicians to assess changes in alveolar-capillary gas exchange
over time. Declining DLCO may indicate disease progression, worsening fibrosis, or
pulmonary vascular involvement, while improvement may reflect response to therapy. It is
a valuable tool for monitoring disease course in various pulmonary conditions.

Additional Resources
Carbon monoxide diffusing capacity of the lung (DLCO) is a vital pulmonary function
test that provides insights into the alveolar-capillary membrane's integrity and gas transfer
efficiency. It measures the lung's ability to transfer gases from the alveoli into the blood,
primarily reflecting the surface area and thickness of the alveolar-capillary membrane as
well as the pulmonary capillary blood volume. Due to its sensitivity and specificity, DLCO
has become an indispensable tool in evaluating various pulmonary diseases, aiding
clinicians not only in diagnosis but also in disease monitoring and prognosis.

In this comprehensive review, we explore how DLCO serves as a cornerstone in the
differential diagnosis of lung pathologies. By analyzing patterns of reduced, normal, or
increased DLCO values in conjunction with other pulmonary function parameters and
clinical features, clinicians can narrow down differential diagnoses with increased precision.
This article delves into the physiological basis of DLCO, the interpretation of test results,
and a detailed discussion of the differential diagnoses based on DLCO findings.

---

Understanding the Physiology of DLCO

The Role of the Alveolar-Capillary Membrane
The efficiency of gas exchange in the lungs depends on several factors, including alveolar



surface area, membrane thickness, hemoglobin concentration, and pulmonary capillary
blood volume. DLCO assesses the combined effect of these factors by measuring how well
carbon monoxide (CO)—a gas with high affinity for hemoglobin—is transferred from alveolar
air into the blood. Because CO transfer is diffusion-limited, the test primarily reflects the
integrity of the alveolar-capillary membrane and pulmonary capillary blood volume.

Mechanics of the Test
During a DLCO test, the patient inhales a small, known concentration of CO mixed with an
inert gas, holds their breath for approximately 10 seconds, and then exhales. The
concentration of CO in the exhaled air is analyzed to determine how much CO has been
absorbed. The result is expressed as a capacity (ml/min/mm Hg), adjusted for factors like
hemoglobin level, age, sex, and body size, providing a standardized measurement.

---

Interpreting DLCO Results

DLCO values are typically expressed as a percentage of predicted normal values based on
demographic factors. The interpretation can be summarized as follows:

- Normal DLCO: 80-120% of predicted
- Mild reduction: 60-79%
- Moderate reduction: 40-59%
- Severe reduction: <40%

However, the interpretation must always consider the clinical context, accompanying
pulmonary function tests (like spirometry and lung volumes), and imaging findings.

---

Patterns of DLCO in Pulmonary Diseases

The pattern of DLCO impairment helps differentiate among various lung pathologies.
Broadly, diseases can be categorized based on whether DLCO is preserved, decreased, or
increased.

2.1 Reduced DLCO
Conditions that impair alveolar-capillary membrane integrity or reduce pulmonary capillary
blood volume typically decrease DLCO. These include:

- Interstitial lung diseases
- Emphysema
- Pulmonary vascular diseases
- Anemia (less common but influences DLCO)



2.2 Normal DLCO
Some conditions do not significantly affect gas transfer or may have mixed patterns,
leading to normal DLCO despite underlying pathology.

2.3 Increased DLCO
Certain conditions cause an increase in pulmonary capillary blood volume or surface area,
leading to elevated DLCO values.

---

Differential Diagnosis Based on DLCO

The integration of DLCO values with clinical presentation, imaging, and other pulmonary
function parameters enables a nuanced differential diagnosis.

---

1. Diseases with Reduced DLCO

1.1 Interstitial Lung Diseases (ILD)
Pathophysiology: ILD encompasses a group of disorders characterized by inflammation and
fibrosis of the alveolar walls, leading to thickening and scarring of the alveolar-capillary
membrane.

DLCO Pattern: Usually markedly decreased, often earlier than restrictive patterns seen on
spirometry.

Key Conditions:
- Idiopathic pulmonary fibrosis (IPF)
- Nonspecific interstitial pneumonia
- Hypersensitivity pneumonitis
- Connective tissue disease-associated ILD

Diagnostic Clues:
- HRCT showing reticulations, honeycombing, or ground-glass opacities
- Reduced lung volumes on PFTs
- Symptoms of dyspnea and dry cough

Clinical Significance: The severity of DLCO reduction often correlates with disease
progression and prognosis.

1.2 Emphysema
Pathophysiology: Destruction of alveolar walls reduces surface area for gas exchange,
impairing diffusion.

DLCO Pattern: Significantly reduced, often disproportionate to spirometric findings.



Key Types:
- Centrilobular emphysema (most common in smokers)
- Panacinar emphysema

Diagnostic Clues:
- Reduced DLCO with preserved or mildly reduced lung volumes
- Hyperinflation on imaging
- History of smoking or alpha-1 antitrypsin deficiency

Clinical Significance: DLCO can be a sensitive marker for early emphysema detection and
disease severity.

1.3 Pulmonary Vascular Diseases
Pathophysiology: Conditions such as pulmonary arterial hypertension (PAH) reduce
pulmonary capillary blood volume and impair gas transfer.

DLCO Pattern: Often reduced, sometimes markedly.

Diagnostic Clues:
- Elevated right heart pressures
- Exertional dyspnea
- Absence of significant parenchymal lung disease on imaging

Clinical Significance: DLCO serves as a non-invasive marker for pulmonary vascular
involvement and disease monitoring.

1.4 Anemia
Pathophysiology: Hemoglobin concentration affects DLCO measurement; anemia leads to
decreased DLCO.

Diagnostic Clues:
- Low hemoglobin levels
- Normal lung parenchyma and vasculature

Clinical Significance: Correction for hemoglobin levels is essential, and anemia should be
considered when interpreting DLCO.

---

2. Diseases with Normal or Increased DLCO

2.1 Obstructive Lung Diseases (with preserved DLCO)
In some cases, obstructive diseases like mild COPD may have near-normal DLCO, especially
in early stages.

Note: Emphysema typically causes decreased DLCO, but airway obstruction alone does not.

2.2 Pulmonary Hemorrhage and Capillary Congestion
Conditions causing increased pulmonary blood flow or capillary proliferation can elevate



DLCO.

Examples:
- High-altitude pulmonary edema
- Pulmonary capillary hemangiomatosis

Clinical Clues: Rapid onset, hypoxemia, and imaging findings.

---

Integrating DLCO Into a Diagnostic Algorithm

Effective differential diagnosis requires synthesizing DLCO findings with other clinical and
diagnostic data.

Stepwise Approach:

1. Assess DLCO value:
- Normal
- Reduced
- Increased

2. Combine with spirometry:
- Obstructive pattern (reduced FEV1/FVC)
- Restrictive pattern (reduced FVC with preserved FEV1/FVC)

3. Evaluate lung volumes:
- Hyperinflation suggests emphysema
- Reduced volumes suggest fibrosis

4. Imaging Correlation:
- HRCT findings supportive of ILD or emphysema
- Vascular imaging for pulmonary hypertension

5. Additional Tests:
- Echocardiography
- Right heart catheterization
- Blood tests (hemoglobin, autoimmune panels)

This integrated approach enhances diagnostic accuracy and guides appropriate
management.

---

Clinical Implications and Prognostic Value of



DLCO

Beyond diagnosis, DLCO has significant prognostic implications:

- Monitoring Disease Progression: Decreasing DLCO indicates worsening gas exchange.
- Assessing Response to Therapy: Improvement in DLCO can reflect treatment efficacy.
- Predicting Outcomes: In ILD and pulmonary hypertension, DLCO correlates with survival
rates.
- Risk Stratification: Helps identify patients at higher risk for hypoxemia and exercise
limitation.

---

Limitations and Considerations

While DLCO is a powerful diagnostic tool, it has limitations:

- Hemoglobin dependence: Anemia or polycythemia markedly influence results.
- Technical variability: Standardized testing protocols are essential.
- Confounding factors: Smoking, recent thoracic surgery, or acute illness can affect
outcomes.
- Not disease-specific: DLCO patterns must be interpreted within the broader clinical
context.

---

Conclusion

Carbon monoxide diffusing capacity of the lung (DLCO) remains an invaluable component of
pulmonary diagnostics. Its pattern—whether reduced, normal, or elevated—provides crucial
clues toward distinguishing among various lung diseases. Recognizing these patterns,
understanding their pathophysiological basis, and integrating DLCO results with other
clinical and diagnostic data enables clinicians to formulate accurate differential diagnoses,
tailor management strategies, and improve patient outcomes.

As research advances, the role of DLCO continues to evolve, promising enhanced precision
in the assessment of pulmonary health and disease. Its utility underscores the importance
of comprehensive pulmonary function testing as a cornerstone of respiratory medicine.
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