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Pitfalls of Observational Data

• Confounding: Common causes affecting both 
treatment choice and outcome.

• Selection Bias: Groups being compared differ 
systematically due to selection, not just treatment.
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Pitfalls of Observational Data

• Immortal Time Bias

5



5-step analytic framework
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Step 1 - Study Design
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Step 2 - Identification

1. Stating Causal Assumptions
• e.g., Unconfoundedness, Overlap, No Interference

2. Categorizing Covariates

3. Using Directed Acyclic Graphs (DAGs)

4. Defining the Estimand

5. Choosing Causal Estimators
• e.g., G-formula, PSM, IPW, DML
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Step 3 - Statistical estimation

• Confounder Aggregation

• Missing Value Handling

• Outcome and Treatment Estimators

• Hyperparameter Tuning
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Step 4 - Vibration analysis
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Step 5 - Treatment heterogeneity

11



Application: Albumin vs. Crystalloids in Sepsis

• Patients with septic shock need fluids to maintain blood flow 
to organs
• Crystalloids (saline) are common, cheap, and safe, but much of the 

fluid leaks out of the blood vessels
• Colloids (albumin) are thought to stay in the blood vessels better, 

potentially improving circulation more effectively, but they are more 
expensive and might have adverse effects.

• Clinical Question: What is the effect of using albumin 
combined with crystalloids compared to using crystalloids 
alone on 28-day mortality in sepsis patients?

• Data: MIMIC-IV ICU database.

• Validation Strategy: Compare estimated ATE to known RCT 
average null effect.
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Step 1 - Study Design
Population : 

• Patients identified with sepsis during an ICU stay, >= 18 years 
old, and at least 24 hours of follow-up data available.

Intervention: 
• Receiving a combination of crystalloids and albumin within 

the first 24 hours of the ICU stay.

Control: 
• Receiving crystalloids only within the first 24 hours of the ICU 

stay.

Outcome: 
• Death within 28 days
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Step 1 - Study Design

Time :
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Step 2 - Identification
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Step 2 - Identification

Causal estimation strategies
• Inverse Propensity Weighting (IPW)

• Outcome modeling (G-formula)

• Augmented Inverse Propensity Weighting (AIPW) 

• Double Machine Learning (DML)

Software Implementation:
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Step 3 - Statistical estimation

Confounder Aggregation:
• Using the last recorded value before the follow-up 

period started.

• Using the first observed value.

• Using both the first and last values as two separate 
features

Missing Value Handling:
• Filled it in using the median value

• One-hot encoding
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Step 3 - Statistical estimation

Estimators:
• Main causal estimator: IPW, G-formula, AIPW, DML

• 2 Different types of machine learning models
• Random Forests

• Ridge Logistic Regression

Hyperparameter Tuning:
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Step 4 - Vibration analysis
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Step 5 - Treatment heterogeneity
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