The Convergence of Evidence:
Diagnosing Cold Agglutinin Disease (CAD)

Moving beyond single tests
to pattern recognition

Based on “Clinical Patterns and Diagnostics in Cold Agglutinin Disease” by William Aird



Diagnosis is a Pattern, Not a Single Test

CAD diagnosis requires integrating
evidence in a specific order. It is not
established by a single test but emerges
from a pattern where:

1. Hemolysis establishes relevance.
2. Complement defines the mechanism.
3. Temperature explains the behavior.

4. Clonality determines chronicity and
classification. Hemolysis Complement Temperature Clonality

Hemolysis may be incomplete,

antibody titers misleading, and
symptoms disproportionate to

laboratory abnormalities.
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The Clinical Picture:
Look Beyond the Anemia

Vascular symptoms are not ancillary.

Acrocyanosis, livedo, Raynaud-like pain, and cold-
induced dysesthesia often reflect intravascular
complement activity and red cell agglutination rather
than anemia itself.

The Disconnect

Fatigue and functional impairment often exceed what
hemoglobin values predict.

Early Detection

In some patients, vascular features provide the earliest
and most reliable diagnostic clues, even when lab
markers are modest.
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The Lab Signature is Chronic,
Compensated, and Subtle
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Clinicians often expect dramatic biochemical abnormalities,
but CAD presents as a compensated hemolytic state.
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The Direct Antiglobulin Test (DAT)
Defines the Mechanism
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Hemolytic Anemia
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DAT: C3d Positive (Strong)

DAT: IgG Positive

+ 1gG Negative (or Weak)

Warm AIHA Cold Agglutinin
(WAIHA) Disease (CAD)
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Nuance: Mixed DAT
Patterns

Weak IgG positivity does not
exclude CAD; it may reflect
pre-analytical issues or
low-level nonspecific
binding. However, strong
IgG + C3 positivity suggests
mixed autoimmune
hemolytic anemia.
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Cold Agglutinins:
Presence is Not Disease

Incidental Pathogenic
Findings Differentiation Disease
» Common in healthy Required. « Monoclonal IgM.
pﬂpullatlon. ﬁ « High Thermal Amplitude.
e Low titers. « Complement activation.

e Polyclonal or transient.
 No clinical hemolysis.

e Clinical hemolysis
present.

Diagnosis should never be based on presence alone. Clinical relevance
depends on antibody characteristics and downstream complement effects.
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Thermal Amplitude: The Most
Underused Diagnostic Tool

Definition: The highest temperature at
which the antibody binds red cells.

The Critical Threshold: Antibodies binding
at > 28-30 °C are typically pathogenic.

Clinical Implications:
e Explains seasonal variability.
 Explains symptom persistence after
rewarming (ongoing hemolysis).
 Explains why some patients have
year-round disease.

37°C (Body Temp)

PATHOGENIC
THRESHOLD
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Why Quantity (Titer)
Can Be Misleading

Scenario A: High Titer / Low Amplitude Scenario B: Low Titer / High Amplitude

Body Temp (37°C
34°C J‘T=T i

AN

High quantity, but inactive at Low quantity, but active near
physiologic temperatures. body temperature.
Often results in Mild Disease. Can produce Severe Disease.

Takeaway: If thermal amplitude cannot be tested, use clinical surrogates. Does the patient
react to mild cold (A/C, open fridge)? Is there a lack of improvement with warming?
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Distinguishing the Driver:
Primary vs. Secondary Syndrome

Primary CAD Secondary Cold Agglutinin Syndrome

Course: Chronic, Indolent = &) Course: Often self-limited / Reactive
\1( Antibody: Monoclonal IgM \%f Antibody: Polyclonal (often)
“) & Etiology: Clonal bone marrow &2 % FEtiology: Infection (Mycoplasma, EBV),
B-cell disorder ) 8 ¢ Autoimmune disease, or Overt Lymphoma
T Hemolysis: Persistent, ; y . Hemolysis: Resolves with treatment
= O Complement-mediated = (=) of underlying condition

Implication: This distinction defines
prognosis and management strategy
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Bone Marrow Evaluation: Diagnosing the Clone
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® Goal: Identify the | / @ . J**\ ® Finding: Clonal B-cell
antibody-producing factory, / ﬁ(@ ﬁ@ populations (present in
not just stage lymphoma. AT o8 most primary CAD).

® Pattern: Involvement is
typically subtle, low-grade, \
lymphoplasmacytic or \
marginal zone-like. /

® Note: Overt lymphoma is
uncommon at diagnosis.
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The “Cold” Artifact: Sample Handling Pitfalls

When blood cools in the tube, agglutinins activate ex vivo.

Clinical Blue blood Clinical clumping Computer
red blood cells agglutination analyzer
E X
' , Error flags
Step 1: Sample Step 2: Transport Step 3: Analyzer
Collection (37°C) (Cooling to 20°C) Error

Spurious Results:
« Falsely lowered RBC count

» Spuriously elevated MCV The FiX: Warm the Sample tO
. Artifactually increased MCHC 37°C and repeat an;._“ysisI

 Automated “clumping” flags




Where Diagnostics Go Wrong

Diagnostic delay Is usually conceptual, not technical.

0. Dismissing ;. Relying on cold |
“% symptoms because =% agglutinin titer alone. ’
anemia appears
mild.

Assuming the Failing to link winter
absence of overt or A/C exposure to

lymphoma excludes symptoms.
CAD.

Misinterpreting weak
lgG DAT positivity as
WAIHA.

Overlooking
acrocyanosis as a
diagnostic clue.
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Diagnosis as Convergence
Confidence comes when the signals align.

Completed Puzzle

Immune-Mediated
Hemolysis (Clinical & Lab)

Immune-mediated violent or
hemolysis and hemolysis.

Complement Deposition
(DAT C3d+)

Complement deposition (DAT
Complement  c3d+) and complement.

Hemolysis

CONFIRMED
DIAGNOSIS

Clonal B-Cell Process
(Primary vs. Secondary)
Clonal B-Cell process-b-cell

marrow antactams
primary vs. stionality.

Temperature Dependence
(High Thermal Amplitude)

(Temperatures dependence
high Thermal amplitude)

Clanality Temperature temperature readlng 1.

Integrate immune, complement, thermal, and clonal evidence for every patient.



