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PROBLEM: To share clinical data for research purposes on the Swiss Personalized Health Network 
(SPHN), data provider institutions, such as university hospitals, need to map their internal laboratory 
tests to a standard terminology like Logical Observation Identifiers Names and Codes (LOINC).

This is a non-trivial task requiring medical knowledge and laboratory expertise and is time consuming 
for human coders. But it is a necessary step to comply with the SPHN requirements and provide 
researchers with semantically rich and interoperable information.

New pre-trained large language models (LLMs) exhibit emerging abilities that could be leveraged to 
ease this process supporting laboratory experts, but they also present some limitations that need to be 
addressed (such as hallucinations, context window size, domain specific knowledge, etc.).
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LangChain framework was used to prompt OpenAI GPT-4 Turbo, GPT-3.5 and GPT4ALL. Largest model 
performed best, smaller model was faster, local model was not up to standard. Zero-shots prompt caused 
LLMs to hallucinate, requiring a retriever to produce valid LOINC codes. Web search retrieved relatively 
good results. CoT provides expert with explanations to evaluate the outputs. For information expansion, 
the model needs to elicit tacit knowledge to fill in the missing information from a sparse input.
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“If it was a human, I would hire him/her” said N.G. during the evaluation. Although it still makes mistakes, 
it gives sound and well-structured responses with reasonings that are easy to read, understand and 
evaluate for an expert. Even when it is wrong or does not have the response, it triggers further thoughts 
and lines of investigation that are valuable.

GOALS & METHODS: This master thesis research aims to evaluate the feasibility of applying 
foundational LLMs to automate the mapping of local lab tests to standard LOINC codes. Medprompt 
(Nori et al., 2023) makes the point that foundational models can improve their performance through 
multi-step prompt strategies avoiding the costly fine-tuning. Adopting a similar approach, experimental 
research has been conducted applying several prompt strategies, from zero-shot, embedding vectors, 
nearest neighbors, retrieval augmentation, question answering, chain-of-thoughts reasoning, few-shots 
learning, web search tools and agents.

RESULTS: The results evaluate the precision, completeness and validity of the outputs, in a mixed 
approach of quantitative and qualitative metrics to compare with a provided ground truth and evaluate, 
with the help of a human expert, the soundness of the reasonings produced with the models.

SPHN LOINC & UCUM
Each LOINC code corresponds to a single laboratory 
test or panel and is uniquely identifiable by combining 
six axes (Srinivasan et al., 2006):
1) Component or analyte, (e.g., potassium);
2) Property measured (e.g., a mass concentration);
3) Timing (point in time, or integrated over duration of 

time in longitudinal studies);
4) Type of sample (system) (e.g., blood or organs);
5) Type of scale (numerical, quantitative, qualitative, 

categorical, hierarchical, ordinal, nominal or 
narrative); and

6) Method used to produce the result (where relevant).
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zero-shots & prompt engineering
template = """You are a medical laboratory 
expert.
Find the LOINC code that best matches the 
internal test identified in the question.

Question:
{question}

End your response with Final Answer: <LOINC 
code>

Final Answer:
"""

Prompt after formatting:
"""
You are a medical laboratory expert.
Find the LOINC code that best matches the internal test identified in the question.

Question:
The internal test {{'name'='MCV', 'labor'='Hämatologie', 'material'='EDTA lila, 

2.7ml', 'sample'='Blood EDTA', 'unit'='fL'}}

End your response with Final Answer: <LOINC code>

Final Answer:
"""

Model output (gpt-4-1106-preview):
"""
The internal test described is for the Mean Corpuscular Volume (MCV), which is a common measurement in hematology. MCV is a part of the 
complete blood count (CBC) and is typically measured in femtoliters (fL). The sample material is EDTA anticoagulated blood, which is 

commonly used for hematological tests.

The LOINC code that best matches the internal test for MCV measured in blood with EDTA as an anticoagulant is:

Final Answer: 787-2
"""

Extracted Answer: 787-2
Correct Answer: 787-2
Is correct: True
Is valid: True

G PT-4 Turbo possess enough m edical know ledge to correctly resolve som e 
abbreviations (here M C V, C BC ) and m easurem ent units (fL), 
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multi-step strategies

web search, tools & agents
> Entering new AgentExecutor chain...
To provide a list of up to 3 suggestions of LOINC codes for 'Glucose Vollblut arteriell', I need to search for the LOINC codes that 
correspond to arterial whole blood glucose measurements. LOINC (Logical Observation Identifiers Names and Codes) is a universal 
standard for identifying medical laboratory observations. Since the question specifies the parameters such as labor (Chemistry), 

material (arterial blood gases in orange), sample (Blood Gas Syringe), and unit (mmol/L), I will use these details to refine my search 
for the most appropriate LOINC codes.

Action: google-search
Action Input: LOINC codes for arterial whole blood glucose mmol/L
Observation: mEq/L, mmol/L. 1996-8. Calcium Bld-sCnc. 9. Creatine Kinase. (CPK). Serum / Plasma ... Whole Blood mmol/L. 15074-8. 
Glucose Bld-sCnc. Random. Sample. 12F Glucose. Glucose – Serum/plasma samples have individual LOINC codes for a full range ... Whole 

blood and capillary blood samples have codes only for some of these ... mEq/L = mmol/L. 1963-8. HCO3 Ser-sCnc. 6A. Bicarbonate. 
Plasma. mEq/L = mmol/L ... Arterial Blood. %. 2708-6. O2 % BldA. With Concurrent FIO2 When. Available. Arterial Whole Blood, mEq/L = 
mmol/L, 1960-4, HCO3 BldA-sCnc ... REQUIRED LAB TESTS NOT DESCRIBED BY LOINC CODES IN LOINC CODE WORKSHEET. 2, Test #, Laboratory ... 
Fractional oxyhemoglobin = the amount of oxyhemoglobin expressed as a percent of the total hemoglobin, where tHb = O2Hb + HHb + [COHb 

+ MetHb + SulfHb]. Note ... Feb 28, 2020 ... In response to customer requests for LOINC codes related to i-STAT test components, 
Abbott Point of ... BldCoA - Blood Cord Arterial. BldCoV ... LOINC Code 99548-0 Gas and electrolytes panel - Arterial blood. ... O, 
0..1, mmol/L. Indent Indent2708-6, Oxygen saturation in Arterial blood, C, 0..1 ... Oct 25, 2018 ... =6.7 mmol/L. NPU10113: B(cB) – 
Glucose; subst.c.=8.9 mmol/L. NPU28911 ... Any NPU or LOINC code that uses “arterial blood” is, by itself, more ... Carbon dioxide, 

total [Moles/volume] in Arterial blood. Chem-Bld Gas. 938 mmol/L mmol/L. BldA. 2030-5. Carboxyhemoglobin/Hemoglobin.total in Arterial 
blood. Glucose concentrations decrease ex vivo with time in whole blood because of glycolysis. The rate of glycolysis, reported to 
average 5% to 7% [~0.6 mmol/L ...

Thought:The search results provided some potential LOINC codes, but they are not clearly listed in a way that directly answers the 
question. I need to refine my search to find a more specific list of LOINC codes that are directly related to 'Glucose Vollblut 
arteriell' with the given parameters.

> Entering new LLMChain chain...
Prompt after formatting:
You are a medical laboratory expert.
Choose the response corresponding to the LOINC code that best matches the internal test identified in the question.

Question:
The internal test {{'name'='Natrium Ausscheidung im Urin', 'labor'='Chemie', 'material'='Sammelurin ohne Zus., 8.5ml', 'sample'='Collected Urine', 

'unit'='mmol/(24.h)'}}

Choose one response from:
A) {{'LOINC_CODE':'2956-1’, 'SYSTEM':'Urine', 'COMPONENT':'Sodium’, 'UNITS':'mmol/(24.h)', 'UNITSREQUIRED':'Y’, 'RELATEDNAMES2':'1 day; 24 hours; 24HR; Chemistry; 

Kidney; Na; Na+; Nephrology; QNT; Quan; Quant; Quantitative; Renal; sRate; Substance Rate; UA; UniversalLabOrders; UR; Urn', 'SHORTNAME':'Sodium 24h Ur-sRate', 
'LONG_COMMON_NAME':'Sodium [Moles/time] in 24 hour Urine', 'DisplayName':'Sodium (24H U) [Moles/Time]’, 'PROPERTY':'SRat', 'TIME_ASPCT':'24H’, 'SCALE_TYP':'Qn', 
'METHOD_TYP':'nan', 'CLASS':'CHEM', 'CLASSTYPE':'1’ }}
B) {{'LOINC_CODE':'18376-4’,

[...]
Let's think step by step. Explain why the LOINC code is the best match.
End your reasoning with Final Answer: <LOINC code>

Reasoning:
> Finished chain.
Extracted LOINC Code: 2956-1

few-shots & chain-of-thoughts (CoT)
To determine the best matching LOINC code for the internal test "Natrium Ausscheidung im Urin" (which translates to "Sodium Excretion in Urine"), we need to consider 
several aspects of the test description provided:

1. The test measures sodium in urine.

2. The sample material is "Sammelurin ohne Zus., 8.5ml" which indicates a collected urine sample without additives.
3. The sample is "Collected Urine."
4. The unit of measurement is "mmol/(24.h)," which indicates that the test measures the amount of sodium excreted over a 24-hour period.

Now, let's analyze the options:

A) LOINC code 2956-1 corresponds to a 24-hour urine sodium test, with units in mmol/(24.h), which matches the internal test description. The 'PROPERTY' is 'SRat' 

(Substance Rate), which is appropriate for a test that measures the rate of sodium excretion over time. The 'TIME_ASPCT' is '24H', which aligns with the 24-hour 
collection period.

B) LOINC code 18376-4 corresponds to a 6-hour urine sodium test, with units in mmol/(6.h). This does not match the internal test description, which specifies a 24-hour 

collection period.

C) LOINC code 21525-1 corresponds to a 24-hour urine sodium test, but the 'PROPERTY' is 'SCnc' (Substance Concentration), which indicates a concentration measurement 

rather than a rate of excretion over time. This does not match the internal test description that specifies a rate of excretion (mmol/(24.h)).

Based on the information provided, the best match is option A, which corresponds to a quantitative 24-hour urine sodium test measuring the rate of sodium excretion.

Final Answer: 2956-1

parser, validation & ontology

Several prompt strategies were applied to instruct LLMs for a specific task that requires domain 
knowledge. Foundational models, without fine-tuning, are flexible enough to produce satisfactory results 
and be a valuable help to support humans in their work. Still, development effort needs to be spent in 
combining, testing and evaluating different strategies, including formatting instructions, parsing and 
validation (e.g. ontology) of the outputs to make it usable and reliable in a productive environment.

Countering hallucinations with reliable retrievers is challenging. Retrievers need to integrate reliable data 
sources (databases and other web services) and enable the models to search for the information they are 
missing. Analysis of issues limiting the discriminatory power of the embedding vectors with nearest 
neighbor search show how a relevance metric is needed.


