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[bookmark: _Toc220327295]Introduction
The region of the former Yugoslavia is heterogeneous in terms of nuclear medicine development. Slovenia and Croatia, as EU members, are integrated into the European regulatory framework (Euratom) and have high levels of equipment. Serbia is a regional leader among non-EU countries, actively investing in public centers. Bosnia and Herzegovina, North Macedonia, and Montenegro are in the process of developing modern infrastructure, often relying on services from neighboring countries.
[bookmark: _Toc220327296]Chapter 1. Clinical Application: Spectrum of Isotopes and Nosologies
Modern nuclear medicine in the region is moving from simple imaging to the concept of theranostics – using one molecule for diagnosis and another to destroy a tumor.
[bookmark: _Toc220327297]1.1. Diagnostic segment (SPECT and PET)
The main volume (up to 80% of procedures) is accounted for by single-photon emission tomography (SPECT).
· Technetium-99m (Tc-99m):
· Application: Cardiology (myocardial perfusion), oncology (bone metastases), nephrology, pulmonology.
· Status: Industry workhorse. A shortage of Mo-99/Tc-99m generators is a critical risk for all clinics in the region.
· Fluorine-18 (F-18):
· Application: PET/CT diagnostics. The primary drug used is fluorodeoxyglucose (F-18 FDG). It is used for cancer staging, detection of unidentified primary tumors, and evaluation of chemotherapy effectiveness.
· Gallium-68 (Ga-68):
· Application: High-tech diagnostics of prostate cancer (PSMA) and neuroendocrine tumors. Available at major university hospitals (Ljubljana, Zagreb, Belgrade).
[bookmark: _Toc220327298]1.2. Therapeutic segment
· Iodine-131 (I-131): Classic therapy for thyroid cancer and thyrotoxicosis. Requires the presence of "active chambers."
· Lutetium-177 (Lu-177): The fastest-growing segment. It is used for targeted therapy of castration-resistant prostate cancer (Lu-177 PSMA) and neuroendocrine tumors (Lu-177 DOTATATE).
[bookmark: _Toc220327299]Chapter 2. Comparative table of equipment (Estimate for 2025–2026)
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This table demonstrates the gap in technology accessibility between countries in the region. The data is averaged based on public registries and EANM reports.
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	Country
	Population (million)
	Cyclotrons (production)
	PET/CT centers (units)
	SPECT (Gamma cameras)
	PET scanners per 1 million population
	Comment

	Slovenia
	2.1
	1 (Ljubljana)
	3
	>15
	~1.4
	Highest availability and quality, full insurance coverage.

	Croatia
	3.8
	2 (Zagreb)
	5
	>30
	~1.3
	Developed network (Zagreb, Split, Rijeka, Osijek). Strong school of radiopharmacy.

	Serbia
	6.6
	1 (Vinca)*
	6
	>45
	~0.9
	*The national cyclotron is in the process of being launched at full capacity. The number of state clinics is growing rapidly.

	North Macedonia
	1.8
	1 (Skopje)
	2
	~8
	~1.1
	High concentration of technologies in the private sector (Acibadem Sistina).

	Bosnia and Herzegovina
	3.2
	0
	2
	~10
	~0.6
	Heavy dependence on imported isotopes. Patients often travel to Croatia/Serbia.

	Montenegro
	0.6
	0
	1
	~3
	~1.6
	The only centre in Podgorica covers the needs of a small country.



Conclusion: Slovenia and Croatia are in line with the Western European average. Serbia is actively catching up with the leaders thanks to state modernization programs (UKCS).
[bookmark: _Toc220327300]Chapter 3. Production, logistics and disposal
[bookmark: _Toc220327301]3.1. Obtaining isotopes
1. Short-lived (F-18, C-11): Produced locally in medical cyclotrons (with a 110-minute cycle). Importing from other countries is impossible. Countries without cyclotrons (Bosnia, Montenegro) are forced to import ready-made doses by truck from neighboring countries, which limits the number of patients treated per day.
2. Reactor (Mo-99/Tc-99m, I-131, Lu-177):
· There are no operating medical reactors in the region .
· Supply chain: Import from global vendors (Curium, Polatom).
· Logistics: Air delivery to hubs (Belgrade, Zagreb) -> delivery by special transport. A flight delay of 4 hours can result in a 30-50% loss of the drug's potency.
[bookmark: _Toc220327302]3.2. Recycling and ecology
The radioactive waste (RW) management system is strictly regulated:
· Liquid radioactive waste (patient urine after I-131 therapy): Hospitals are equipped with a specialized sewer system with holding tanks. Discharge into the city network is permitted only after the activity falls below the maximum permissible levels (MPL).
· Solid radioactive waste: Sorted by half-life.
· Short-lived: Stored in special clinic facilities ("decay storage") for 2 days to 3 months. After decomposition, disposed of as regular waste (Class A).
· Sources: Transferred to national operators (Vinča in Serbia, NEK Foundation in Croatia).
[bookmark: _Toc220327303]Chapter 4. Regulatory environment and personnel issues
[bookmark: _Toc220327304]4.1. Licensing
The activities are licensed by national atomic energy agencies (SRBATOM in Serbia, URSJV in Slovenia).
· Space requirements: Radiation shielding calculation (concrete/lead thickness) must be approved prior to construction.
· Sanitary and epidemiological conclusion: Confirmation of the effectiveness of the ventilation system (prevention of the release of radioactive aerosols).
[bookmark: _Toc220327305]4.2. Specialties and training
The industry is experiencing a personnel shortage. Key specialties:
1. Nuclear Medicine Physician: Responsible for interpreting images and prescribing treatment.
2. Medical Physicist: The most in-demand specialty. Responsible for equipment quality, therapy planning, and personnel dosimetry.
3. Radiochemist: Necessary for centers with their own cyclotrons (drug synthesis).
[bookmark: _Toc220327306]Chapter 5. Procedural Economics
Pricing depends on the source of funding (state budget or private funds).
Commercial Services Cost Breakdown (2025):
1. Scintigraphy (SPECT):
· Thyroid gland: 80–120 euros.
· Bones (Whole Body Bone Scan): 180–250 EUR.
· Myocardium (load + rest): 350–450 euros.
2. PET/CT (Positron Emission Tomography):
· With F-18 FDG (oncosearch): €900–€1,200.
· With Ga-68 (PSMA/DOTATATE): 1,500–2,200 EUR (due to the high cost of the Ge-68/Ga-68 generator).
3. Radionuclide therapy:
· Radioiodine therapy (thyrotoxicosis): 600–900 euros (outpatient).
· Radioiodine therapy (thyroid cancer, hospital): 1,500–2,500 euros.
· PRRT (Lu-177): €6,000–€8,000 per injection (full course of 4 injections – up to €32,000).
[bookmark: _Toc220327307]Conclusion
Nuclear medicine is developing unevenly in the countries of the former Yugoslavia. Slovenia and Croatia have reached Western European standards. Serbia is demonstrating the most dynamic growth, creating a base for medical tourism. The main challenges over the next five years remain: dependence on isotope imports, disposal of aging equipment, and a shortage of qualified medical physicists.


[bookmark: _Toc220327308]Appendix 1. List of leading nuclear medicine centers (Top 3 by country)
Here we have selected clinics that have the most advanced equipment (PET/CT, SPECT/CT) and licenses for therapy.
🇸🇮 Slovenia
Regional leader in the implementation of new molecules and scientific research.
1. University Medical Center Ljubljana (UKC Ljubljana)
· Department: Department of Nuclear Medicine.
· Specialization: Full range of PET/CT (including Ga-68 for prostate cancer), Lutetium-177 therapy, in-house cyclotron.
· Location: Ljubljana.
2. Institute of Oncology Ljubljana
· Specialization: The country's leading oncology center. Sentinel lymph node scintigraphy, thyroid cancer therapy.
· Location: Ljubljana.
🇭🇷 Croatia
A developed network with a strong school of radiopharmacy.
1. University Hospital Center Zagreb (KBC Rebro)
· Department: Clinical Department of Nuclear Medicine and Radiation Protection.
· Specialization: National Reference Center. Production of radiopharmaceuticals, I-131 and Lu-177 therapy, bone marrow transplantation.
· Location: Zagreb.
2. University Hospital Center Sestre Milosrdnice
· Specialization: A major center for the treatment of thyroid diseases (oncology and thyrotoxicosis).
· Location: Zagreb.
3. KBC Split (University Hospital of Split)
· Specialization: Key center for the Dalmatian coast. PET/CT diagnostics, cardiac nuclear medicine.
· Location: Split.
🇷🇸 Serbia
The largest number of procedures, active modernization of the public sector.
1. University Clinical Center of Serbia (UKCS)
· Department: Center for Nuclear Medicine.
· Specialization: The largest PET center in the Balkans (National PET Center), I-131 therapy, NET diagnostics.
· Location: Belgrade.
2. Institute of Oncology and Radiology of Serbia (IORS)
· Specialization: Specialized oncological care, brachytherapy, diagnostics of bone metastases.
· Location: Belgrade.
3. Institute of Nuclear Medicine, Military Medical Academy (VMA)
· Specialization: Military Medical Academy. Unique methods of functional diagnostics, endocrinology.
· Location: Belgrade.
4. University Clinical Center Niš
· Specialization: The largest center in southern Serbia. New building with modern SPECT equipment.
· Location: Niš.
🇧🇦 Bosnia and Herzegovina (BiH)
Dependent on isotope imports, but has strong university bases.
1. University Clinical Center Sarajevo (KCUS)
· Department: Clinic for Nuclear Medicine and Endocrinology.
· Specialization: SPECT diagnostics, thyroid therapy.
· Location: Sarajevo.
2. University Clinical Center of the Republic of Srpska
· Department: Institute for Nuclear Medicine.
· Specialization: Primary center for the Republic of Srpska. I-131 therapy, diagnostics of kidney and bone diseases.
· Location: Banja Luka.
3. University Clinical Center Tuzla
· Specialization: Strong school in the treatment of thyroid diseases.
· Location: Tuzla.
🇲🇰 North Macedonia
A unique situation: private sector leadership.
1. Acibadem Sistina Hospital
· Specialization: The first private PET/CT center in the country. Leading in the number of examinations of international patients (from Kosovo and Albania).
· Location: Skopje.
2. Institute of Pathophysiology and Nuclear Medicine (State)
· Specialization: Academic base, classical scintigraphy, treatment of hyperthyroidism.
· Location: Skopje.
🇲🇪 Montenegro
1. Clinical Center of Montenegro (KCCG)
· Department: Center for Nuclear Medicine.
· Specialization: The only center in the country. Performs scintigraphy (bone, lung, thyroid). Patients are often referred to Turkey or Serbia for PET/CT scans.
· Location: Podgorica.
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The list has been compiled in accordance with the requirements for scientific papers (including reports from international organizations, legislative acts, and analytics).
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National legislation and reports (Primary Sources): 5. SRBATOM (Serbian Radiation and Nuclear Safety and Security Directorate). Law on Radiation and Nuclear Safety and Security (Official Gazette of RS, No. 95/2018, 10/2019) . Belgrade. 6. Slovenian Nuclear Safety Administration (URSJV). Annual Report on Radiation and Nuclear Safety in the Republic of Slovenia 2023 . Ljubljana, 2024. 7. Zakon o radiološkoj i nuklearnoj sigurnosti (Narodne novine 141/20). Croatian Law on Radiological and Nuclear Safety . Zagreb, 2020.
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