Electronic health records are supposed to make clinical care faster and safer. In practice, the record is also a living
data system. Every time someone selects a diagnosis, pastes a lab value, scans a problem list from an outside visit,
or updates a medication history, the EHR is quietly collecting structured and unstructured data that will be reused
later for billing, clinical decision support, quality reporting, research, audits, and even basic patient matching across

systems.

Data quality in an EHR is not an abstract goal. It shows up the moment a clinician tries to answer a simple
question like "What was the patient’s baseline kidney function?” or “Has the allergy been confirmed?” When those
answers require guesswork, the cost is not only delays, it is also medical risk. Cleaning, validating, and maintaining
EHR data quality is therefore less about one-time cleanup and more about building a steady process that handles

both the obvious errors and the subtle ones that only appear after months of accumulation.

Where EHR data quality breaks down in real life
Most EHR issues come from a few predictable sources, even though the surface symptoms vary by organization.

The first source is data entry variability. Two clinicians can document the same thing in different ways, even when
they are using the same templates. One chooses “Type 2 diabetes mellitus” while another starts with "Diabetes”
and adds “Type 11" later. One records “metformin” as “Metformin,” another as “Glucophage,” and a third pastes a
free-text entry that does not match the medication catalog. These differences are not malicious. They are the

natural outcome of workflow, time pressure, and how people were trained to document.

The second source is integration gaps. Health systems often pull data from labs, radiology systems, specialty
clinics, claims feeds, patient portals, and external immunization registries. The interfaces may deliver results
correctly but still leave gaps in coding, timestamps, units, or patient identifiers. For example, a lab result can arrive
with a value but lose the unit normalization needed for trend analysis. Or an outside diagnosis can be imported

without a reliable problem start date.

The third source is lifecycle changes. Diagnoses get ruled out, allergies get clarified, medications get discontinued,
and lab references change as the patient moves between facilities. If the EHR does not maintain a clear history of

“what was true then” versus “what is true now,” data consumers lose the ability to reconstruct events accurately.

The fourth source is the mismatch between clinical meaning and data structure. A symptom described in narrative
form can be clinically relevant even if the EHR does not capture it in a structured field. Conversely, a structured
field can be technically correct and clinically meaningless in context. This is a common reason quality dashboards

look fine while clinicians complain that the record does not support decisions.

Finally, there is the quiet drift. Over time, custom fields proliferate, mapping tables change, and coders or analysts
refine code sets for reporting. Without governance, “the system” becomes a patchwork of small changes that are

hard to trace, and data quality degrades slowly enough that no one notices until a metric breaks.

Cleaning EHR data without breaking clinical trust

Cleaning is the part people often want most: remove duplicates, fix obvious errors, standardize formats, and get
the dataset usable. The difficulty is that cleaning can also destroy clinical trust if the process is heavy-handed or

invisible.

A safe cleaning approach starts with triage: identify what is broken and who relies on it. A lab unit mismatch

affects trend queries and decision support. A duplicate allergy affects medication safety checks. A missing



medication dose might affect medication reconciliation. These are not all equal, so the cleaning priorities should

reflect clinical impact and downstream use.

In my experience, the biggest risk is “overcorrecting” values that are not wrong, just non-standard. For instance, a
lab may display creatinine as “1.2" with units implicit in the facility default. Another facility may deliver “1.2 mg/dL"
explicitly. If you force a single format prematurely, you can create mismatches with how results were originally
reported or with how the EHR stores units internally. The safer move is to standardize at the representation layer

used for analytics, while preserving original values and units as received.

Cleaning also needs a versioning mindset. If you modify the EHR data, you should be able to answer questions like
“What changed?” and “Why?" Even when you are cleaning for reporting, it helps to keep an audit trail outside the
core clinical record. Many organizations handle this by writing transformations into an analytics layer rather than

editing the source record directly, but the right choice electronic health record (EHR) depends on the use case.

There is also a human process component. When you clean diagnoses or medication histories, you are stepping
into clinical judgment territory. A diagnosis that looks implausible based on billing codes may actually reflect a
rule-out condition documented by a clinician. A medication that looks duplicated might be correctly represented
as a historical prescription with an active counterpart. Cleaning needs clinical review when ambiguous records are

involved.

A practical way to start: define “quality” per field
EHR data quality is not one thing. “Quality” differs by data element.

For patient identifiers, quality means deterministic matching and survivorship rules when identifiers change. For
demographics, quality means completeness and consistency with identity proofing and enrollment systems. For
allergies and medications, quality means accurate mapping to the medication catalog, consistent use of confirmed
versus unconfirmed statuses, and reliable timelines. For diagnoses, quality means correct code mapping and

defensible dates, not just that the record has a code.

If you try to define one universal set of rules, you usually end up with either too many false positives or rules that
are too generic to help. Field-level quality definitions make validation decisions more transparent and easier to

refine.

Validating records: rules, thresholds, and edge cases

Validation is where EHR data quality becomes measurable. A typical challenge is determining what counts as valid
enough for the intended purpose. Reporting quality might tolerate certain imperfections. Clinical decision support

usually cannot.

Validation rules fall into a few categories: format rules, referential integrity rules, clinical plausibility checks,

temporal consistency, and cross-field consistency.

Format rules check basic structure: date parsing, numeric formats, maximum length for text fields, allowable unit
sets, and whether values match expected patterns. Referential integrity ensures that codes exist in your value sets
and that internal foreign keys align with lookup tables. Clinical plausibility checks look for ranges, contraindications,
or contradictions that are unlikely to be correct. Temporal consistency checks ensure that dates and times behave
logically, like medication start dates not occurring after stop dates without justification. Cross-field consistency

compares related fields, such as diagnosis codes paired with appropriate problem status and clinical context.

A key point: the “right” validation threshold depends on the risk of error. For example, a mild unit mismatch for a

lab might be corrected automatically as long as you can confidently infer the unit conversion. A suspected allergy
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duplication should not be corrected automatically without review, because it can affect medication safety checks.

Common validation checks that catch a lot of issues early

When you are building a validation pipeline, it helps to start with checks that are both high impact and relatively

low ambiguity. Here is a set of examples that many teams implement as baseline controls:

1. Duplicate detection for patients and encounters using identifiers, demographics, and timestamps, with a

human review path for uncertain matches.

2. Unit normalization for labs and vitals, ensuring values have an expected unit and converting when

conversion rules are unambiguous.

3. Code mapping validation that checks whether diagnoses, procedures, and medications map to approved

value sets, tracking unmapped items separately.

4. Temporal logic checks that flag impossible sequences such as medication start after stop, or allergy reaction

date preceding allergy recorded date.

5. Status consistency checks for allergies and medications, such as “active” items paired with missing

discontinuation metadata when the EHR requires it.

These checks are not the end of validation, but they provide early signal. They also give you a way to quantify the

baseline state, which matters for demonstrating progress over time.

Data cleaning methods that work in practice

Cleaning methods vary depending on whether you are cleaning in the EHR itself, in a downstream dataset, or

both. The most effective approach often combines technical transformations with governance and feedback loops.

Deduplication: decide what duplicates means

Deduplication sounds straightforward until you consider that duplicates can be clinically distinct. Two entries for
“Metformin” might both be accurate if one is historical and one is current, or if one was prescribed as immediate-

release and another as extended-release. So deduplication needs context.

For patients, duplicates are usually about identity matching. You can use deterministic matching when you have
reliable identifiers like MRNs and stable demographics. For uncertain matches, probabilistic matching can help but

requires a threshold and an explicit policy for what happens when confidence is borderline.

For clinical items like diagnoses, allergies, and medications, deduplication should focus on eliminating exact or
near-exact duplicates that cannot represent separate clinical events. That often means comparing structured fields
like code and status, not just the label text. It also means preserving the most accurate record and merging
metadata carefully. For example, if one duplicate has the correct reaction detail but the other has the correct onset

date, merge logic must decide how to combine those.

Standardization: unify representations, not clinical meaning

Standardization is where teams often stumble by conflating “the way the EHR displays it" with “the meaning it
holds.” A medication might display with a brand name, while the EHR internally stores an ingredient. A diagnosis

might appear as “Hypertension” to clinicians but be stored as multiple codes depending on coding system.

A robust cleaning strategy separates these layers. It keeps the original source values for audit and

reconstructability, while producing standardized fields for analytics and decision support. If you standardize too



aggressively in the source record, you can make it harder to interpret what clinicians saw at the time of

documentation.

For labs, standardization typically involves unit normalization and consistent reference ranges. For medications, it
often involves mapping to a medication vocabulary, normalizing dose forms, and handling “as needed” versus
scheduled dosing. For immunizations, it involves code mapping and ensuring dates align with the administered

record.

Handling free text: the unstructured problem

Many EHR elements live as free text, either because clinicians document narrative or because the EHR fields are
insufficient for the workflow. Cleaning free text is more difficult because it requires natural language processing,

pattern matching, and careful review.

A practical approach is to extract structured features where possible without pretending they are perfect. For
example, allergy notes might include “rash with penicillin” in narrative form. A system can suggest structured

allergy details, but it should treat them as suggestions pending clinician confirmation.

The most defensible strategy is to keep an error budget. You accept that some information remains unstructured,

and you focus your validation and cleaning on the structured fields that drive downstream safety and reporting.

Maintaining quality over time: governance and feedback loops
Cleaning one dataset is like painting a wall. Maintenance is what keeps it from peeling.

If you want data quality to stay good, you need governance that spans the full pipeline: entry, integration,
validation, correction, and reporting. Without that, each new interface or template change becomes another

quality incident.

A maintenance program usually has three layers: operational controls, data quality monitoring, and continuous

improvement based on observed errors.

Operational controls include making sure the EHR configuration supports correct entry. If medication ordering
allows ambiguous units or dose frequencies, the system will accumulate inconsistent patterns. If forms do not
require key metadata, the record will be incomplete. Operational controls also include training and quick reference

guidance for staff, especially when workflows change.

Monitoring is about measurement. You need dashboards or alerts that track issues over time. Metrics might
include the percentage of labs missing unit fields, the number of unmapped diagnosis codes, the rate of duplicate
encounter matches, or the proportion of medication records with missing dose frequency. Monitoring should not

only measure volume, it should measure drift. If quality is declining slowly, you want to catch it early.

Continuous improvement is the feedback loop. When validation flags a problem, the organization should figure
out whether the issue comes from entry behavior, interface mapping, configuration, or downstream assumptions.
Then you adjust the system or the rules. For example, if unmapped medication codes spike after a new formulary

update, the fix might be an updated mapping table rather than retraining clinicians.

A reality check: you cannot fix everything immediately

Some quality issues are expensive to address because they require workflow changes or extensive mapping. Teams

often try to fix every problem at once and end up doing nothing well.



A more sustainable approach is to prioritize by impact and feasibility. High-impact fields that power safety checks
and clinical decision support get immediate attention. Less critical fields can be handled in batch over time,

especially when cleaning can be done in the analytics layer.

This prioritization also applies to validation strictness. Overly strict validation creates noise and can overwhelm staff
with false alerts. Underly strict validation misses important errors. Getting the balance right usually takes a few

cycles of tuning.

When you should clean in the EHR versus in an analytics layer

One of the hardest decisions is whether to correct data in the EHR source system or to leave it and clean

downstream.

Cleaning in the EHR can improve clinical utility. If clinicians rely on the record for reconciliation, having clean,
consistent medication and allergy entries reduces confusion and safety risk. It can also improve the accuracy of

quality reporting when reports read from the EHR directly.

However, editing source records can be risky. It can create audit concerns, training issues, or mismatches with how
the record was originally documented. It may also require coordination with system governance, security

approvals, and change control.

Cleaning in an analytics layer is often safer get more info for historical data. You can create standardized derived
datasets used for reporting, research, or population health. You can keep original values intact and document
transformations. The downside is that clinical decision support and bedside workflows still depend on the source
record. If your safety-critical fields remain messy in the EHR, downstream cleaning does not fully protect patient

care.

Many organizations end up with a hybrid model. They keep the source as faithful as possible, enforce stricter
validation at entry points going forward, and use derived cleaned datasets for analytics. For certain safety-critical

fields, they invest in source corrections with clear governance.

Tracking changes: auditability and “what changed” questions

EHR data quality programs need strong traceability. If a value is corrected, it should be possible to determine why

and when.
At minimum, you want:

® areason code or rule identifier for automated corrections
® atimestamp and actor (system or person) for changes
® the original value retained somewhere accessible

® alink back to the validation rule or interface mapping that triggered the correction

This matters not only for audits. It matters when clinicians question a record. A common scenario is when a
clinician sees an allergy that looks unexpected or a lab trend that seems off. Without a clear change history, the

team spends hours debating rather than resolving.

Auditability also supports continuous improvement. If you see repeated corrections from the same rule, you can fix

the root cause in the workflow or interface mapping.

Concrete examples of tough cases and how teams handle them
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Example 1: allergies that look duplicated but are actually different

A patient has two allergy entries: “Penicillin” with reaction “rash,” and another "Amoxicillin” with reaction “rash,”
both marked as active. A simplistic deduplication algorithm might merge them into one and lose detail about the
specific agent. That could be fine for some use cases, but it can also reduce nuance for clinicians who want to know

whether the reaction is specific to a class or an individual drug.

Teams that handle this well usually define a deduplication rule by granularity. They may merge exact matches but
keep distinct entries when they differ by agent specificity, reaction details, or onset timing. They also standardize

how reactions are represented so that clinician review is easier.

Example 2: lab units that are “correct” but inconsistent across facilities

A creatinine result arrives once as 1.3 mg/dL and later as 1.3 with unit implied. If validation expects an explicit unit,

it may mark the record as invalid even though it is clinically usable.

A better approach is to validate both presence and convertibility. If the unit is missing but the source facility
default is known and stable, you can impute the unit with high confidence and still mark the record as “derived

unit” for transparency. If the facility default is not stable or varies by test type, you flag for review instead.

Example 3: diagnosis timelines that do not match reality

A diagnosis is imported with a start date that is missing or defaults to encounter date. Later, the quality report

uses the start date to determine eligibility windows for conditions. This creates systematic bias.

The fix is not only to fill missing dates. It is also to understand what “start date” means in your reporting model.
Some teams adjust eligibility logic to use alternative dates such as first recorded diagnosis date in claims, first
structured record date, or clinician confirmation date. Cleaning the timeline in the EHR can improve downstream

validity, but the reporting rules must align with what the data can truly support.

Building a sustainable process: roles and responsibilities

Data quality is not only a technical problem. It is a cross-functional process involving clinicians, informatics,

interface developers, data analysts, coding specialists, and sometimes quality management teams.

Clinicians often need to validate ambiguous cases and confirm corrections for safety-critical items. Informatics
teams can adjust templates, value sets, and interface mappings. Data analysts can design validation rules and track

data drift. Coding specialists can maintain code mapping tables and monitor unmapped terms.

If roles are unclear, teams can still implement validation rules, but the corrections will stall. A validation alert that
no one owns is just noise. A correction workflow without clinical sign-off is a risk. The best programs assign owners

for each major issue type, with an escalation path when confidence is low.

The goal: reliable records that make the next use easier

EHR data quality is ultimately about reliability. It is not simply reducing the number of errors. It is making it easier
to answer clinical questions accurately, to produce defensible reports, and to support interoperability without

losing meaning.

Cleaning gives you a usable baseline. Validating gives you consistency and measurable control. Maintaining quality
gives you confidence that the baseline does not decay with every new interface, template change, or staff

turnover.



The organizations that succeed tend to treat the EHR as both a clinical tool and a data system. They respect the
messiness of human documentation, they design workflows that steer data toward structure, and they invest in

governance that connects validation signals to actual fixes. The result is not perfect data, which is unrealistic, but
data you can trust enough to act on.



