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SaaS$ for medical students & resident physicians to study and reference

AMBOSS during patient care.
The COmpa ny fQ\ ~500FTE @ Offices in the US (NY), Germany (Berlin, Cologne) and Italy (Cagliari).

AMBOSS is used by >1.1 million medical students and practising physicians to
prepare for exams and during patient care around the world.

/A AM BOSS Students v Clinicians v Residency Programs v Med Schools v Login 5 day free trial

NEJM Knowledge+ now on AMBOSS for your board exam prep Find Out More X

The smarter way to learn and practice medicine.
Technology. Innovation. Medical Knowledge.

For Medical Students = For Resident Physicians =
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The Speaker

A AMBOSS

| started with AMBOSS 5 years ago as a Product Manager to work on Search.
Before that | was a Software Engineer for about 20 years (Ada Health,
T-Mobile) & Founder. Since 2016, | work in the medical field.

| came here to connect with other PMs & Engineers that work on
Knowledge Search, please reach out!

Valentin von Seggern @ (He/+im) /A AMBOSS
Product @AMBOSS

Berlin, Berlin, Germany - Contact info



AMBOSS
Search Engine

Knowledge
Articles that can
be used for
studying &
reference

Relevant deep
entry points for
quick access

Semantic Search Engine that
understands medical jargon

CLINICIAN v EN v Q pneumonia abx pregnant

Overview  [E] Articles (66)  ¢® Drugs (33) 3 Media (46) £ Guidelines (4)

|Z] Articles (66)

——‘ Pneumonia

.. o Treatment
.. o Empiric antibiotic therapy for community-acquired pneumonia

- Empiric antibiotic therapy for community-acquired pneumonia in an inpatient
setting

'. o Empiric antibiotic therapy for hospital-acquired pneumonia
—‘- Community-acquired pneumonia in pregnancy

How should antibiotic therapy for community-acquired pneumonia in v
pregnancy be approached?

How should community-acquired pneumonia in pregnancy be managed? v
Which antibiotics are recommended during pregnancy? v

MORE v <% AMBOSS Intelligence @

. Pharmacotherapy during pregnancy
.- Antimicrobials

.. o Antibiotics during pregnancy

Questions related to your search o

A AMBOSS

Direct answers to
medical questions

Antibiotic therapy for community- NEw
acquired pneumonia in pregnancy

The approach to antibiotic therapy during

pregnancy is the same as that for the general
adult population, excluding potentially
teratogenic medications, e.g.,:

Clarithromycin (Azithromycin is preferred.)

Fluoroquinolones (Can be considered for the
treatment of CAP during pregnancy in settings

resistance)

Tetracyclines

4% AMBOSS Intelligence

| Pneumonia » Community-acquired pneumo-
nia in pregnancy

Is this helpful? 9 P



A AMBOSS

Key points about AMBOSS search engine:

AM BOSS Expert users that exactly know what SHOULD be there
° Precision > recall
Search Engine
Usually 1 to 5 relevant results per query
Professional tool: Low latency, must be fast

Frequent Query / Document language mismatch: Abbreviations, Synonyms, Clinical Shorthands,
Spelling Mistakes

Today | will talk about: | : —
e Howdid we start building out a dedicated .- aw s e e
search team S st e
e Ourjourney through hybrid embeddings  °
& BM25 search
e Our latest Generative Al-native release:

Knowledge Panels on the SERPs

All from an evaluation point of view.



AMBOSS
Conclusion

A AMBOSS

® Evaluating Knowledge Search Features is hard.

® No “high signal’-transactions.

® Many things to measure: Qualitative Methods, Online, Offline.
® All methods have different strengths and weaknesses.

® KPIs such as CTR/abandonment rate need to be contextualized.
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Listen to your
users

A AMBOSS

My journey at AMBQOSS started with many, many, many customer support
tickets. | read thousands unaggregated user complaints & their queries and
result lists.

Tickets

(16253) Articles (37) Users (34) Organizations (0)

Search term used:
Ticket status 1D Subject Spinal stenosis or Lumbar stenosis

#1089790 Search Engine Placement t
#1052894 [ Delete history search Information they were looking for:

i | typed “spinal stenosis” which is an amboss page that | can find through google search
but | cannot find it when | type it into the search bar logged in at
https://next.amboss.com/us

#254534
#272380
#247761
#247837
wa775 Note from editorial:

Technical issue where user could not see any content when performing searches on

AMBOSS

#247762

P

E g
H

#144733

#394866

#200201 L AMBOSS Saarch rasult

g—o “..Improve the search function to operate with American and British spellings as well as related disorders...”

B—o “...Better search function and dark mode on phone...”

Today with GPT, it’s easier to get an aggregated view, but raw view is still
important to build empathy


https://next.amboss.com/us

Vector Search



A AMBOSS

AMBOSS

V S h Thousands of hand configured synonyms, stemming, stopword
eCtor earc — removal,a HUGE query ... highly tuned BM25 based engine
using ElasticSearch.

8 “...I need to know exactly how it is called on AMBOSS
to find it...”

— We started to explore embeddings for retrieval

—+ Wereleased the first semantic search upgrade using SAPBert

We invested into an extensive evaluation pipeline to evaluate
— embedding models for our domain and switched to OpenAl
embeddings
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We started off our relevance journey with:

AMBOSS Q. 3*150 queries (head, torso, tail)
Releva nce {9 ~5000 relevance judgements by domain experts in Quepid &
Judgments

Initially the data helped to establish a baseline & systematic approach to
evaluation, but the human ratings were noisy, biased and expensive to
maintain.

We switched to implicit judgements based on user clicks (see Al-powered
Search book, Chapter 11). Basic idea: Results users examine and don’t click
are not relevant, results that users click are relevant.
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AMBOSS ® Problem: Presentation Bias - results that users don’t see are not labeled
Vector Sea rch as relevant. Lag in seeing an effect.

Offline
Evaluation

**)Yolo Launch?
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Vector Search
Online

A AMBOSS

For the online experiment of adding semantic search, we launched an A/B test
looking at Search Result Click-Through-Rate (CTR).

0.75 0.766
743,154/ 990.4K 748,395/ 976.8K

Search Result CTR 100% < 10.021

Search Result CTR (Non-top 0.572 0.619 -
Queries) 196,864 / 344K mze/3msk 100% <& 4 0.081

We could show that the user group with Semantic Search clicked more!
We released the feature & hoped for the best &'



[ Launch of Semantic Search ]

[ Better Embeddings ]

A AMBOSS
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A AMBOSS

To get started with Embeddings, we used SAPbert, a model optimized for
AMBOSS BioMedical Entity recognition.

EmbEdding After our initial launch & online evaluation, we wanted to improve on our
. semantic search performance and tried to find the best possible embedding
Model Offline

model.
E °
valuation
Rank ~ | model .  Zero- :::;:y . Number of . Embedding . Max . Mean . Mean
(Boxda) ~ N shot (MB) Parameters ~ Dimensions ~ Tokens (Task) (TaskTyj
H OW 1 gemini-embedding-exp-03-07 99% Unknown  Unknown 3072 8192
2 Ling-Embed-Mistral 99% 13563 7B 4096 32768 61.47 54.21
d 0 3 gte-Qwen2-7B-instruct 29040 7B 3584 32768 62.51 56.00
4 multilingual-e5-large-instruct 1068 560M 1024 514 63.23 55517
yo u 5 SFR-Embedding-Mistral 13563 78 4096 32768 60.93 54.00
6 GritlM-78 13813 78 4096 4096 60.93 53.83
do 7 text-multilingual-embedding-002 Unknown Unknown 768 2048 62:43 54.32
t h at? 8 GritlLM-8x78B 89079 578 4096 4096 60.50 53939
° 9 e5-mistral-7b-instruct 13563 7B 4096 32768 60.28 53.18
10 Cohere-embed-multilingual-v3.0 Unknown Unknown 1024 Unknown 61.10 53.31

il gte-Owen2-1.5B-instruct L NA 6776 1B 8960 32768 59.47 52.75


https://arxiv.org/pdf/2105.14398

A AMBOSS

We created a data set that represents our problem well. Queries in different
AMBOSS forms, documents in different forms, spelling mistakes, languages mixed.

"topic": "Pair Bond: Neurobiological Mechanisms",

L]
"query_form": "question",
e m bed d I ng "query_lang": "English",
. . . "query": "how does the brain support pair bonding in animals",

d I , SI m I Ia rlty Score ./ "document_form": "title",

mo e . "document_lang": "German",
® Should be hlgh .\> "document": "Neurobiologische Grundlagen von Paarbindungen bei Tieren"
+

{
"topic": "Single Umbilical Artery: Clinical implications",
"query_form": "keywords",
"query_lang": "English",
"query": "single umbilical artery health impact",
“document_form": "title",
"document_lang":
"document": "Klinische Auswirkungen der einzelner Nabelarterie"

'German",

Similarity score
should be low e e

"query_lang": "German",

"query": "welche langffristigen auswiirkungne kann eine inje,tionssgtellenreaktion habne",

"document_fori 'passage",

"document_lang": "English",

"document": "Persistent injection site reactions can occasionally lead to chronic inflammation or granuloma 1
+
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Embeddin
model
evaluation

Cross-lingual

Relative Frequency

| hil m
a 06 08 10
Cosine Similarity

SAPBert performance on Cross-Lingual Dataset

== Non-match Similarities
=3 Match Similarities

Embedding Evaluation Leaderboard

D

Rank Model Embed
1 openai-text-enbedding-3-large 3072
2 openai-text-enbedding-3-large-768 768
3 openai-text-enbedding-3-large-384 384
4 voyage-multilingual-2 1024
5  algolia-large-nultilang-generic-v2410 1024
6 cohere-embed-nultilingual-v3 1024
7 openai-text-embedding-3-small 1536
8  google-text-enbedding-004 768
9 nvidia-nv-embed-v1 4096
10 openai-text-enbedding-3-small-768 768
" Bgol;ngle-(cxt—mul(1lmgual-=mh:dding— 68
12 openai-text-enbedding-3-small-384 384
13 baai-bge-m3 1024
14 mistral-embed 1024
15 cambridgeltl-sapbert-all-lang 768
16 intfloat-nultilingual-e5-base 768
17 snowflake-arctic-enbed-m 768
18 nomic-embed-text-vl 768
cambridgeltl-sapbert 768

20 ncbi-medcpt-encoder 768

Score

0.857
0.826
0.812
0.806
0.763
0.758
0.751
0.744
0.739

0.732

0.728

0.714
0.703
0614
0.604
0.581
0.433

0.372

0.271

0.236

A AMBOSS

Cross-lingual

Relative Frequency

== Match Similarities

04
Cosine Similarity

text-embedding-large-3 performance

o TR TR e
0.938 0.953 0.917 0.873
0.924 0.946 0.899 0.837
0.918 0.943 0.889 0.820
0.898 0.934 0.855 0.904
0.872 0.878 0.835 0.912
0.894 0.905 0.820 0.819
0.893 0.923 0.831 0.769
0890 0944 0779 0785
0.882 0.911 0.830 0.774
0.886 0.918 0.814 0.748
0.882 0.852 0.824 0.801
0.881 0.901 0.798 0.732
0870 0846 0751 0828
0.720 0.916 0.856 0.787
0.864 0.717 0.632 0.746
0.804 0.834 0.691 0.644
0679 0850 0576 0.490
0.676 0.779 0.523 0.350

0.470 0.578 0.815 0.268 0.326
0505 0818  0.284 0209 |

=3 Non-match Similarities
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AMBOSS Is it perfect? - No
Embedding - , ,

Picking the best model has many different trade-offs besides good vectors
mOdel for your problem:

evaluation

4 $ ©

Latency Price Reliability
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AMBOSS ® Qualitative Insights lead to starting development.
Summary ® Online Evaluation to see if we solve a problem.
VeCtor Sea rCh ® Offline Evaluation to tune parameters and improve how we solve

the problem.



Knowledge Panels



AMBOSS

Knowledge
Panels

AMBOSS is used hundreds of thousand
times per day by physicians under time
pressure as a quick reference on the go.

A AMBOSS

B_. “..I don’t need a whole article, but just a quick fact &
reminder when I’'m on my way to the patient...”

How might we reduce Time to Knowledge further?

Search results page

= CUNICIAN v ENv  Q lung cancer imaging

Overview  [E] Articles (110) @ Drugs(52) @3 Media (7)

Articles (110)

Lung cancer
 Classification
© Classification of lung cancers
[Image: Lung cancer types] ...
© Variants of lung cancer
- Pancoast tumor
Spread of cancer cells along lymphatic vessels. On imaging, a
streaky-reticular pattern may be observed. ...

« Diagnosis
© Advanced studies

- Imaging for lung cancer staging
Questions related to your search

What are the imaging findings suggestive of lung cancer?

Which imaging studies are used in the initial evaluation of
lung cancer?

What imaging studies are recommended for lung cancer
staging?

MORE v 4% AMBOSS Intelligence

Laboratory medicine

£ Guidelines (14)

Imaging in the initial eval- New
uation of lung cancer

See also “Imaging for lung cancer
staging.”

+ Modalities
Chest x-ra
imaging study 111

© CT chest: indicated in all patients

with an abnormal chest x-ray or
suspicion of lung cancer.
Sensitivity for detecting lung
cancer is ~ 90% 147

Anormal x-ray does not rule out lung

cancer, as 10-20% of patients with

lung cancer will not have findings

visible on x-ray. [#714sli4é]

Consider an early chest CT for all

patients with suspected lung cancer.
@7

<+ AMBOSS Intelligence

Lung cancer » Diagnosis » Initial
studies

y: indicated as first-line

Article containing searched content

= CUNICIAN v EN v Q lung cancer imaging

A MY HIGHLIGHTING
Lung cancer > Diagnosis
Initial studies

Common laboratory studies =) B4I3s1(39]
* CBC: may detect anemi
* CMP

H ia: may indicate bone is or

eutropenia, and/or thrombocytopenia

ic syndrome

Elevated alkaline phosphatase: may indicate bone and/or liver metastasis

Abnormal liver function test: may indicate liver

« LDH: possibly elevated 1 40)

Imaging $7169141]
See also “Imaging for lung cancer staging.”
« Modalities

© Chest x-ray: indicated as first-line imaging study 2

CT chest: indicated in all patients with an abnormal chest x-ray or suspicion of lung cancer {1157

« Findings

Visualization of nodules and/or masses with features suggestive of malignancy, including: & 2143

= Irregular margins (i.e., scalloped or spiculated)
= Large size (> 2 cm)
= Upper lobe location

= The absence of calcifications

= See ‘| of a solitary pulmonary nodule” for details on features suggestive of malignancy.

Indirect signs of malignancy & &1

20
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Knowledge

Panel Offline

Evaluation

A AMBOSS

We vibe-coded a small labeling tool for our physician colleagues to rate
Knowledge Panel along the axis:

Comprehensiveness

Fidelity
Accuracy

Laboratory tests for evaluation
of underlying conditionsin
ventricular fibrillation

ventricular fibrillation?

Laboratory
tests

« Cardiac enzymes: Elevated serum levels of cardiac enzymes
like troponinindicate myocardial infarction

. : Di in s Is can
cause cardiac arrhythmias, including V-fib.

« TSH: Hyperthyroidism can d
including V-fib.

« Drug levels and toxicology screen: Particularly consider drugs
like tricyclic antidepressants or cocaine, which can cause QT
prolongation.

« Arterial blood gases: To reveal insufficient oxygen supply or
acid-base imbalances.

[ Show Evaluation || Open AMBOSS

We rolled it out and collected a few hundred expert judgements.

Feedback

Comprehensiveness:
How well does the knowledge card cover the AMBOSS article?

Perfect

Fidelity to the source material:
How well does the knowledge card reflect the source material?

Perfect

Scientific Accuracy:
Evaluate whether the content maintains a high level of scientific rigor
and medicalrelevance

Perfect
Evaluationissue:

Does not reflect the content
Is incomplete

Missing context

Editorial issue

Contains serious mistakes
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LLM as a judge. With the learnings from the manual labeling, we configure a
AMBOSS GPT prompt .and scale up judgments to thousands of judgements that we can
run as batch jobs.
Knowledge
o Target for evaluation prompt development is to optimize Inter-Rater-Reliability
Panel Ofﬂ Ine (IRR) measured with Cohens Kappa (k) between physician and GPT.

Evaluation

Prompts < Code 7 Compare O History [ Responses APl &
& Your prompts Save 74 resp_6801fe77.. (P
Model gpt-41 ¢ = User
text. format: text temp: 1.00 tokens: 2048 top_p: 1.0 store: true Imaging in the initial evaluation of lung cancer
New
Tools Gresta * See also “Imaging for lung cancer staging?*
Modalities
System message +

Chest x-ray: indicated as first-line imaging study [41]

CT chest: indicated in all patients with an abnormal chest x-ray or suspicion of lung cancer.
Sensitivity for detecting lung cancer is ~ 90% [37]

Anormal x-ray does not rule out lung cancer, as 10-20% of patients with lung cancer will not
have findings visible on x-ray. [37][45][46]

Consider an early chest CT for all patients with suspected lung cancer. [47]

You are a Senior Biomedical Content Reviewer.
Your task is to rigorously evaluate a Knowledge Panel ...

AKnowledge Panel is intended to be a concise, high-value summary addressing
a specific medical concept or question. Assistant

EtalustionGriteia Knowledge Panel Evaluation: "Imaging in the initial evaluation

Assess these three categories: of lung cancer”
1. Comprehensiveness
1. Comprehensiveness
2. Fidelity
Strengths:
3. Accuracy
Key Modalities Included: The panel lists chest x-ray and CT chest, which are the principal
first-line and second-line imaging studies in the initial workup of suspected lung cancer.
Exemplary grading in OpenAl Playground, real prompt is longer, resulting discrete scores, prompt includes
examples, criteria & definitions and is using the APIs


https://pmc.ncbi.nlm.nih.gov/articles/PMC3900052/

AMBOSS

Knowledge
Panel Offline
Evaluation

A AMBOSS

Usually the Rater prompt can be improved with error analysis, few-shot
examples and other prompt engineering tricks, but avoid overfitting!

With a Generator prompt and a Rater prompt, it is tempting to generate
synthetic datasets for fine tuning, ... we tried a few times, but never had

success.

For continuous offline evaluation however, it works very well.
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Normally it’s a good sign if people For Knowledge Panels, we assumed
AMBOSS click results on the Search Result that easy questions can be answered
Pages and we try to REDUCE on the SERPs, and tried to INCREASE

KnOWIEdge abandonment rate. abandonment rate.
Panel Online

= A AMBOSS awem~ | Q lung cancer imaging cxr or ct x oo "o
°
EV a I u at I o n e
Articles (160) Imaging in the initial evaluation of  NEw
Cough lung cancer

« Disgnosis
) See also “Imaging for lung cancer staging”

55, hilar lymphadenopathy),

* Modalities

if there are imaging findings of a

‘%:“ Chest x-ray: indicated as first-line imaging

centrallung nod,
study 41
Questions related to your search © CT chest: indicated in all patients with an
‘Which imaging studies are used in the initial evaluation of lung cancer? v abnormal chest x-ray or suspicion of lung
What are the imaging findings suggestive of lung cancer? v cancer. Sensitivity for detecting lung cancer
is ~ 90% 157
What imaging studies are recommended for lung cancer staging? v
A normal x-ray does not rule out lung cancer, as
MoRE v 44 AMBOSS Iteligence. ®)
10-20% of patients with lung cancer will not
Lung cancer have findings visible on x-ray. [B7l14sli4¢!
« Diagnosis
© Advanced studies Consider an early chest CT for all patients with

- Imaging or lung cance sagin
Vel oy hine aElrs suspected lung cancer. [47)
+ Solitary pulmonary nodules

© Inital assessment
vious imaging (if available) to evaluate for changes. Obtain a thin: 4} AMBOSS Intelligence (®

Lung cancer » Diagnosis » Initial studies

Y. Goal Metrics £ Baseline ©® Variation ® Chance to Win 0% 5% 10% 15% % Change ©
L L !

Search Abandonment Rate 0.188 0.214 o o,
in SERP [DEX,WEB] 87,985/466,851 105172 /492,572 08 N M13.3%



A AMBOSS

AMBOSS Qualitative insights: identification of the opportunity & start of
© development
Summary
K“OWInge o Online Evaluation to see if we solve a problem. This time target KPlIs
Panels where inverse of the KPIs for vector search.

Offline Evaluation to tune parameters and improve how we solve
the problem.
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Conclusions

A AMBOSS

Do the unscalable thing a lot before scaling it: We got a lot of value from
spending time with raw user feedback, watching users use AMBOSS, looking at
raw search queries and individual result lists with domain experts.

A great search is relevant & with great UX, so you need offline AND online
metrics.

Combine offline & online evaluation to identify wins & iteratively improve the
product.

GPT provided judgements & the ability to rate/judge extremely cheaply & with
low latency is a new superpower for Al-powered search experiences, but it is
still important to measure what matters to users.
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It’s a team thing

A AMBOSS

The AMBOSS Search Team is an interdisciplinary bunch of developers, data
scientists, designers and medical doctors from 6 different countries.

Diversity of backgrounds & viewpoints matters!

27



