Supplementary Material 

Reasoning Traces

Reasoning trace of correctly classified MRI entry order

Order Entry:
“Untersuchungsname: MR Schädel Diagnose: V.a. MSA bisheriger Therapieverlauf: Diagnosesicherung Fragestellung: hot cross bun sign? andere Auffälligkeiten?”

English translated Order Entry: 
“Study: Brain MRI
Diagnosis: suspected MSA
Prior treatment: diagnostic confirmation
Question: hot cross bun sign? any other abnormalities?”

Reasoning:
“The request is for an MRI of the skull (MR Schädel) with a suspected diagnosis of MSA (Multiple System Atrophy). The specific question is about the presence of the "hot cross bun sign," which is a characteristic finding in MSA-C (cerebellar type) on certain MRI sequences. The guideline "MRT Schädel Bewegungsstörungen nativ" explicitly mentions MSA as a condition it is used to investigate. This protocol is designed for evaluating movement disorders, which aligns with the suspected diagnosis of MSA. While other protocols like "MRT Schädel KM" could potentially show abnormalities, the "MRT Schädel Bewegungsstörungen nativ" protocol is specifically indicated for the evaluation of conditions like MSA.”


Reasoning trace of wrongly classified MRI entry order

Order entry:
“Untersuchungsname: MR Schädel
Diagnose: Rezidiv Meningeom KHBW 
bisheriger Therapieverlauf: nan
Fragestellung: prä OP”

Translated Order entry (Note: German acronyms were expanded and translated):
“Study: Brain MRI
Diagnosis: recurrent meningioma cerebellopontine angle
Prior treatment: nan
Question: preoperative assessment”

Reasoning:
“The request is for a pre-operative MRI for a recurrent meningioma in the cerebellopontine angle (KHBW). The guideline "MRT Hirneigener Tumor" explicitly states that meningiomas are *not* considered hirneigene Tumoren and should not be examined with this protocol. The guideline "MRT Schädel KM" is indicated for tumor evaluation, including differentiation, extent, contrast enhancement, vascularization, and potential complications like mass effect or hydrocephalus. Meningiomas are typically well-enhancing tumors, making contrast essential for assessment. The guideline "MRT KHBW CI" is also relevant as it covers pathologies of the cerebellopontine angle, including meningiomas (although it focuses on acoustic neuromas/vestibular schwannomas and CI evaluation). However, the "MRT Schädel KM" protocol is a more general and comprehensive protocol for evaluating tumors, including meningiomas, especially in a pre-operative setting where assessing the tumor's extent and relationship to surrounding structures is crucial. Given the pre-operative context and the nature of meningiomas, the "MRT Schädel KM" protocol is the most appropriate choice among the provided options.”


Best performing prompt

Best performing prompt configuration for the hierarchical AI system

Component 1: AnatomicalRegionPredictor

Your input fields are:
1. `mri_request` (str):
Your output fields are:
1. `reasoning` (str): 
2. `body_part` (Literal['brain', 'head/neck', 'spine']):
All interactions will be structured in the following way, with the appropriate values filled in.
 
[[ ## mri_request ## ]]
{mri_request}
 
[[ ## reasoning ## ]]
{reasoning}
 
[[ ## body_part ## ]]
{body_part}        # note: the value you produce must exactly match (no extra characters) one of: brain; head/neck; spine
 
[[ ## completed ## ]]
In adhering to this structure, your objective is: 
        Given the fields `mri_request`, produce the fields `body_part`.
        
 When the `mri_request` explicitly mentions a specific body part like "Schädel" (skull), prioritize that specific anatomical region over potentially related symptoms mentioned elsewhere in the text. If the request is for the skull, classify the body part as 'brain' or 'head/neck' depending on the specific context and available options, leaning towards 'brain' if intracranial pathology is suspected.
        
 When the `mri_request` contains terms like 'Ischämie' (ischemia) or 'Schlaganfall' (stroke), even if the request mentions a specific anatomical region like 'Schädel' (skull), prioritize identifying the affected organ system, which is typically the 'brain' in these cases, unless the request explicitly focuses on structures outside the brain parenchyma (e.g., vessels, meninges).
        
If the `mri_request` explicitly mentions multiple body parts (e.g., 'Schädel' and 'HWS'), prioritize the body part most relevant to the suspected condition (e.g., 'brain' for CNS diseases) or the one mentioned first if relevance is unclear. Avoid choosing a body part based solely on its position in the text.

Component 2: ProtocolPredictor

Your input fields are: 
1. `mri_request` (str):  
2. `guidelines` (list[dict]): The available guidelines. 
Your output fields are: 
1. `reasoning` (str):  
2. `mri_protocol` (str): must be a 'label' field from the provided guidelines 
All interactions will be structured in the following way, with the appropriate values filled in. 
  
[[ ## mri_request ## ]] 
{mri_request} 
  
[[ ## guidelines ## ]] 
{guidelines} 
  
[[ ## reasoning ## ]] 
{reasoning} 
  
[[ ## mri_protocol ## ]] 
{mri_protocol} 
  
[[ ## completed ## ]] 
In adhering to this structure, your objective is:  
        Assign the correct imaging protocol to the German MRI request based on the provided guidelines. 
         
When the `mri_request` mentions a history of cancer (like lymphoma) and requests imaging of a specific region (like the skull), consider protocols designed for tumor evaluation, especially those involving contrast enhancement (KM). Even if the symptoms seem related to another area (like the spine in this case), the history of cancer and the specific request for skull imaging should guide the selection towards protocols relevant to potential intracranial metastases or complications. Prioritize protocols like 'MRT Schädel KM' when evaluating patients with a history of malignancy requesting skull imaging. 
         
 When selecting between 'MRT Stroke KM' and 'MRT Stroke nativ', carefully consider the specific question asked ('Fragestellung'). If the primary question is about detecting an infarct demarcation ('Frage nach Infaktdemarkation') after a negative CT scan, prioritize the 'MRT Stroke nativ' protocol as it directly matches the guideline description for this scenario ('Klinisch Schlaganfall, im CT nicht nachgewiesen'). While 'MRT Stroke KM' might be considered in unclear time windows or for young patients, 'MRT Stroke nativ' is the most direct match for the stated clinical question and negative CT finding. 
         
If the `mri_request` indicates a suspected chronic inflammatory CNS disease (like MS) and asks for a skull MRI, prioritize the 'MRT Schädel MS' protocol, even if other body parts are mentioned or if only spine guidelines are provided. Ensure the selected protocol directly addresses the clinical question and suspected pathology mentioned in the request.



Inital Prompts

Initial Prompt for Baseline

Your input fields are:
1. `mri_request` (str):
Your output fields are:
1. `reasoning` (str): 
2. `mri_protocol` (str): must be one of the following values: ['MRT Hirneigener Tumor', 'MRT DBS STX (Brainlab)', 'MRT durale AV Fistel', 'MRT Endolymphhydrops', 'MRT Epilepsie', 'MRT Gefäßmissbildung', 'MRT Hals Gesichtsschädel', 'MRT Hypophyse', 'MRT KHBW CI', 'MRT Kiefergelenke', 'MRT Orbita', 'MRT Schädel Bewegungsstörungen nativ', 'MRT Schädel KM', 'MRT Schädel MS', 'MRT Schädel nativ', 'MRT Sinusthrombose', 'MRT Spektroskopie', 'MRT Stroke KM', 'MRT Stroke nativ', 'MRT Twist MRA', 'MRT Vaskulitis', 'MRT Dissektionsausschluss', 'MRT Plexus brachialis', 'MRT Wirbelsäule nativ', 'MRT Wirbelsäule Multiple Sklerose', 'MRT Wirbelsäule mit KM', 'MRT Wirbelsäule Liquorleck', 'MRT Wirbelsäule akuter Querschnitt']
All interactions will be structured in the following way, with the appropriate values filled in.
 
[[ ## mri_request ## ]]
{mri_request}
 
[[ ## reasoning ## ]]
{reasoning}
 
[[ ## mri_protocol ## ]]
{mri_protocol}
 
[[ ## completed ## ]]
In adhering to this structure, your objective is: 
        Assign the correct imaging protocol to the German MRI request.


Initial Prompt for the flat model

Your input fields are:
1. `mri_request` (str): 
2. `guidelines` (list[dict]): The available guidelines.
Your output fields are:
1. `reasoning` (str): 
2. `mri_protocol` (str): must be a 'label' field from the provided guidelines
All interactions will be structured in the following way, with the appropriate values filled in.
 
[[ ## mri_request ## ]]
{mri_request}
 
[[ ## guidelines ## ]]
{guidelines}
 
[[ ## reasoning ## ]]
{reasoning}
 
[[ ## mri_protocol ## ]]
{mri_protocol}
 
[[ ## completed ## ]]
In adhering to this structure, your objective is: 
        Assign the correct imaging protocol to the German MRI request based on the provided guidelines. 


Initial prompt for the hierarchical model 

System message:

Your input fields are:
1. `mri_request` (str):
Your output fields are:
1. `reasoning` (str): 
2. `body_part` (Literal['brain', 'head/neck', 'spine']):
All interactions will be structured in the following way, with the appropriate values filled in.

[[ ## mri_request ## ]]
{mri_request}

[[ ## reasoning ## ]]
{reasoning}

[[ ## body_part ## ]]
{body_part}        # note: the value you produce must exactly match (no extra characters) one of: brain; head/neck; spine

[[ ## completed ## ]]
In adhering to this structure, your objective is: 
        Given the fields `mri_request`, produce the fields `body_part`.


System message:

Your input fields are:
1. `mri_request` (str): 
2. `guidelines` (list[dict]): The available guidelines.
Your output fields are:
1. `reasoning` (str): 
2. `mri_protocol` (str): must be a 'label' field from the provided guidelines
All interactions will be structured in the following way, with the appropriate values filled in.

[[ ## mri_request ## ]]
{mri_request}

[[ ## guidelines ## ]]
{guidelines}

[[ ## reasoning ## ]]
{reasoning}

[[ ## mri_protocol ## ]]
{mri_protocol}

[[ ## completed ## ]]
In adhering to this structure, your objective is: 
Assign the correct imaging protocol to the German MRI request based on the provided guidelines.




Body Region Accuracies

Accuracies of the flat and hierarchical classifiers per body region

Detailed accuracies for the flat classifier per body region, aggregated over the three seed per training run (mean ± standard deviation):

	train_size
	Brain
	Head/neck
	Spine

	baseline
	71.9
	95.3
	65.5

	10
	70.4 ± 2.6
	89.1 ± 7.1
	68.3 ± 2.5

	30
	70.6 ± 1.8
	86.0 ± 6.2
	75.0 ± 9.0

	50
	68.8 ± 1.9
	78.3 ± 2.7
	66.3 ± 3.4

	70
	72.9 ± 5.6
	79.1 ± 2.3
	72.6 ± 5.5

	90
	73.5 ± 4.7
	79.8 ± 3.6
	70.2 ± 8.3

	119
	71.9 ± 2.0
	81.4 ± 4.0
	69.0 ± 4.8



Detailed accuracies for the hierarchical classifier per body region, aggregated over the three seed per training run (mean ± standard deviation):

	train_size
	brain
	head/neck
	spine

	baseline
	46.9
	95.3
	85.7

	10
	65.6 ± 4.2
	90.7 ± 2.3
	87.7 ± 1.8

	30
	68.4 ± 3.3
	89.1 ± 3.6
	88.5 ± 3.6

	50
	69.5 ± 3.0
	83.7 ± 4.7
	87.3 ± 2.5

	70
	71.0 ± 4.2
	86.8 ± 5.9
	87.7 ± 5.9

	90
	70.3 ± 3.7
	82.2 ± 11.7
	88.5 ± 1.8

	119
	66.0 ± 2.9
	82.2 ± 7.5
	88.5 ± 1.4




Translated SOPs

Translated Imaging Protocol Standard Operating Procedures

Protocol: MRI Primary Brain Tumor
For indications like "follow-up of primary brain tumor," "primary brain tumor, preoperative," and "differentiation of radiation necrosis vs. progression"
- Use this protocol only for true primary brain tumors: glioblastoma, astrocytoma, oligodendroglioma, etc.
- Meningiomas are not primary brain tumors and should not be examined with this protocol.


Protocol: MRI DBS STX (Brainlab)
Planning examination before
- stereotactic biopsy of cerebral masses, e.g. for histologic classification of a tumor or differentiation of inflammation from tumor
- implantation of electrodes for deep brain stimulation (DBS), for example in Parkinson's disease or essential tremor
- radiation therapy planning


Protocol: MRI Dural AV Fistula
Pulsatile tinnitus, evaluation for dural arteriovenous fistula (dAVF), exclusion of other causes of pulsatile tinnitus.


Protocol: MRI Endolymphatic Hydrops
Suspected Meniere's disease, endolymphatic hydrops


Protocol: MRI Epilepsy
Search for a focus in patients with a history of generalized seizure or suspicion of focal epilepsy, hippocampal sclerosis
(NOT first seizure; for this, perform MRI Brain without Contrast in patients younger than 40 years and MRI Brain with Contrast in patients older than 40 years)


Protocol: MRI Vascular Malformation
Venous vascular malformation (VVM), lymphatic vascular malformation (LVM) of the head and neck before or after sclerotherapy. Use contrast only for the initial examination; otherwise perform without contrast.


Protocol: MRI Neck and Facial Skeleton
Tumor, involvement of the cranial nerves in tumors near the skull base


Protocol: MRI Pituitary
Suspected pituitary adenoma or follow-up after pituitary adenoma resection. Assessment of extent, location, relationship to the optic chiasm, and any displacement of the pituitary stalk. Demonstration of differing contrast dynamics between the pituitary gland and adenoma?
Modification: No dynamic contrast imaging for macroadenomas.


Protocol: MRI Cerebellopontine Angle / Cochlear Implant
Pathologies of the cerebellopontine angle (CPA), dizziness, hearing loss, suspicion of acoustic neuroma/vestibular schwannoma, evaluation before cochlear implant (CI)
Modification: With time-of-flight (TOF) angiography if neurovascular conflict (vessel/nerve conflict) is suspected


Protocol: MRI Temporomandibular Joints
Disc displacement, jaw locking, pain in the temporomandibular joint.


Protocol: MRI Orbits
Pathologies of the optic nerve or orbit (e.g. optic nerve sheath meningioma, intraorbital mass)


Protocol: MRI Brain for Movement Disorders, without Contrast
Evaluation of movement disorders (including Parkinson's disease, progressive supranuclear palsy (PSP), multiple system atrophy (MSA), corticobasal syndrome (CBS/CBD), Huntington's disease, spinocerebellar ataxia, etc.) or evaluation of contraindications before deep brain stimulation


Protocol: MRI Brain with Contrast
For the indication of tumor: differentiation (primary brain tumor vs. non-primary brain tumor), tumor extent, contrast enhancement, vascularization, hemorrhage, signs of mass effect, CSF circulation disorder, herniation?


Protocol: MRI Brain for Multiple Sclerosis
Initial diagnosis, follow-up, or suspicion of a (chronic) inflammatory CNS disease, multiple sclerosis (MS)


Protocol: MRI Brain without Contrast
Morphological abnormalities of the brain parenchyma that cannot be sufficiently clarified by CT, such as microangiopathy, encephalopathy, etc. Evaluation of suspected intracranial pathology in young patients; unclear neurological symptoms; exclusion of an organic cause in psychiatric disorders; first seizure in patients younger than 40 years
Modifications:
- with sagittal CISS sequence and flow measurement in triventricular hydrocephalus, endoscopic third ventriculostomy (ETV)


Protocol: MRI Cerebral Venous Sinus Thrombosis
Cerebral venous sinus thrombosis or cerebral vein thrombosis in very young patients or during pregnancy. The first-line method is venous CTA!


Protocol: MR Spectroscopy
Unclear T2 hyperintensities, differentiation of tumor / inflammation; suspicion of metabolic disease. CSI only for specific indications (Please consult an Attending or Head of Neuroradiology)


Protocol: MRI Stroke with Contrast
Wake-up stroke, stroke with unclear time window, stroke in young patients or with contraindications to CT stroke protocol, evaluation in suspected ischemic stroke, more precise evaluation of a stenosis (intracranial/extracranial)
Modifications:
- with coronal diffusion (DWI) if brainstem infarction is suspected


Protocol: MRI Stroke without Contrast
Clinical stroke not demonstrated on CT, further evaluation of a transient ischemic attack (TIA), intracranial vascular pathology (e.g. aneurysm, intracranial stenosis), follow-up after coiling or clipping of an intracranial aneurysm.
Modifications:
- with coronal diffusion (DWI) if brainstem infarction is suspected


Protocol: MRI TWIST MRA
Special indications after consultation with a neuroradiologist (e.g. intracranial arteriovenous malformation, dural AV fistula after completed TOF angiography)


Protocol: MRI Vasculitis
Suspected cerebral vasculitis. If necessary, with black-blood sequence.


Protocol: MRI Rule Out Dissection
Rule out dissection of the supra-aortic vessels


Protocol: MRI Brachial Plexus
Pathology of the brachial plexus, plexus neuritis, neurinoma


Protocol: MRI Spine without Contrast
Spinal canal stenosis, degenerative changes, neuroforaminal narrowing, disc herniation without prior surgery, myelopathy


Protocol: MRI Spine for Multiple Sclerosis
Imaging in multiple sclerosis and other chronic inflammatory CNS diseases (CIDP, NMOSD, MOGAD)


Protocol: MRI Spine with Contrast
Spinal cord pathology (tumor, inflammation), spondylodiscitis, postoperative infection/inflammation, pathogen-related infection/inflammation, ischemia


Protocol: MRI Spine CSF Leak
CSF leak, e.g. spontaneous, traumatic, or after lumbar puncture


Protocol: MRI Spine Acute Spinal Cord Syndrome
Unexplained acute spinal cord syndrome
