Supplementary Material

METHODS


Digestion and ICP-MS analysis

For the digestion the tissue samples were removed from the formalin solution, weighed (mass 0.81 - 1.43 g) and then mixed with 3 mL concentrated nitric acid (ultrapure, from sub-boiling distillation). The samples were left overnight, as a strong reaction was observed in the tissue sample. Afterwards the samples were digested in closed vessels for 2 hours at 300 °C and high pressure (max. 100 bar) using a high-pressure asher (HPA-S, Anton Paar, Graz, Austria). The samples were completely digested, and clear, colorless solutions were obtained. In addition, digestions of formalin solutions used for tissue fixation and acid blanks were prepared.
An ICP sector-field mass spectrometer Element 2 (Thermo Fisher Scientific, Bremen, Germany) equipped with a cyclonic spray chamber and a MicroMist nebulizer (both made of glass) was used for the measurements. The performance of the ICP-MS was checked and optimized with a 1 μg/L tuning solution before the measurement. Conventional ICP-MS operating parameters for solution analysis in medium mass resolution (R = 4000) were used. The following isotopes were measured: 158Gd, 160Gd (additionally 23Na, 27Al, 55Mn, 56Fe, 139La), and as internal standards 45Sc, 175Lu. 
The digestion solutions were diluted with ultrapure water (18.2 M cm; Milli-Q system, Merck Millipore, Darmstadt, Germany) for the ICP-MS measurements, Sc and Lu were added as internal standards. For the quantification, aliquots of a sample solution were spiked with a multi-element solution (prepared from single-element standard solutions, Certipur, Merck, Darmstadt, Germany) at different concentration levels (standard addition). Duplicate determinations of the samples were carried out in each case. For data evaluation blank values were subtracted and mean values of the measured Gd isotopes 158Gd and 160Gd were calculated. Subsequently, the mean value from the duplicate determination was calculated for each sample. 


LA-ICP-MS measurements

[bookmark: _Hlk166755718]A NWR213 laser ablation system with a two-volume sample chamber (Elemental Scientific Lasers, Bozeman, MT, USA) was coupled to an ICP sector field mass spectrometer (Element XR, Thermo Fisher Scientific, Bremen, Germany). The ICP-MS was synchronized with the LA system in external triggering mode. Helium was used as carrier gas and argon was added via a Y-piece before the ICP torch. Additional details are given in Table S1 and S2. The ICP-MS was daily tuned for maximum ion intensity and good signal stability (RSD < 5 %) while ablating a glass slide. The ThO/Th ratio was kept below 1 %. For the imaging measurements a special imaging mode, named “differential scanning mode”, was used [1, 2]. In addition, the individual line scans partially overlapped. The pixel size given for each LA-ICP-MS image, here 18 µm x 80 µm, indicates the spatial resolution in x and y direction.
[bookmark: _Hlk166755874]The measured ICP-MS intensities were exported to Origin 9.6 (Originlab Corporations, Northampton, USA) to create color encoded intensity plots with each data point corresponding to a single pixel. Agarose gels spiked with Gd at different concentration levels (0 – 593 fg per pixel) were used to quantify Gd in the tissue thin sections. For the calibration a few lines per gel were ablated and the signal intensities were averaged. To compensate for potential instrumental drift effects, an agarose standard was measured before and after each tissue thin section. The measured values for the isotopes 158Gd and 31P were used for the evaluation. Since the samples and the calibration standards based on spiked agarose have a natural isotope abundance, the Gd images reflect the quantitative distribution of Gd in the tissue thin sections. For P the intensity distribution is shown. 



Supplementary Table 1: NWR213 operating parameters

	Wavelength / nm
	213 (Nd:YAG, 5th harmonic)

	Laser ablation method
	Line scanning

	He carrier gas flow rate/ L min-1
	1.0

	Spot size / µm
	100

	Scan rate / µm s-1
	100

	Repetition rate / Hz
	20

	Fluence / J cm-2
	0.8

	Line distance / µm
	80



Supplementary Table 2: Element XR operating parameters

	RF power / W
	1350

	Guard electrode
	Platinum, active

	Ar cooling gas flow rate / L min-1
	16

	Ar auxiliary gas flow rate / L min-1
	1.05

	Ar sample gas flow rate / L min-1
	0.69

	Sample and skimmer cone 
	Ni

	Mass resolution
	Low (R = 300)

	Isotopes monitored
	31P, 158Gd
(Additionally, 27Al, 34S, 55Mn, 57Fe, 65Cu, 66Zn, 139La)






RESULTS
[image: ]
Supplementary Figure 1: Microscopic image (A, corresponds to Fig. 6D) of a specimen with moderate fibrosis (grade 2), portal inflammation (grade 1) and ballooning (grade 2) and (B) image section showing the Gd distribution with a scaling of 0 -2 fg Gd. Scale bar 2 mm, respectively. 

Supplementary Table 3. Listing of individual patient characteristics including concentrations of Gadolinium in the liver. 

	Subject No.
	Age
(years)
	Weight
(kg)
	Last GBCA application – surgery (days)
	Type of last administered GBCA
	GBCA dose of last application (Dlast, mmol)
	2nd last GBCA application - last application (days)
	GBCA dose of 2nd last application
(mmol)
	Cumulative GBCA dose (Dcum, mmol)
	Total count of GBCA applications
	Sequence of GBCA applications
	Gadolinium mass fraction (μg/g)
	Ratio Gd content whole liver / Dlast (%)
	Ratio Gd content whole liver / Dcum (%)

	1*
	79
	85
	6
	Gadoxetate disodium
	2
	
	
	2.00
	1
	L
	0.120
	0.065
	0.065

	2
	35
	65
	43
	Gadoterate meglumine  
	7.5
	193
	7.5
	34.50
	5
	MMMMM
	0.154
	0.021
	0.005

	3
	73
	90
	2
	Gadoxetate disodium
	2.5
	56
	1.875
	26.18
	5
	LLLMM
	0.348
	0.151
	0.014

	4
	80
	65
	1
	Gadoxetate disodium
	2.5
	
	
	2.50
	1
	L
	0.416
	0.165
	0.165

	5*
	46
	60
	2
	Gadoxetate disodium
	2.5
	159
	2.5
	15.50
	5
	LLMLL
	0.514
	0.133
	0.021

	6
	68
	54
	1
	Gadoxetate disodium
	2.5
	29
	2.5
	10.00
	3
	LLM
	0.791
	0.298
	0.074

	7*
	79
	77
	28
	Gadoxetate disodium
	2.5
	132
	2.5
	34.20
	6
	LLMMMM
	0.430
	0.213
	0.016

	8*
	65
	81
	1
	Gadoxetate disodium
	2.5
	27
	2.5
	30.00
	5
	LLMMM
	0.701
	0.236
	0.020

	9
	75
	73
	2
	Gadoxetate disodium
	2.5
	53
	7
	9.50
	2
	LM
	0.874
	0.348
	0.092

	10
	63
	98
	24
	Gadobutrol 
	9.5
	98
	10
	29.00
	3
	MMM
	0.157
	0.014
	0.005

	11
	65
	64
	35
	Gadoxetate disodium
	2.5
	142
	2.5
	34.50
	7
	LLMLMMM
	0.384
	0.129
	0.009

	12
	81
	79
	2
	Gadoxetate disodium
	2
	174
	2.5
	4.50
	2
	LL
	0.437
	0.312
	0.139

	13
	61
	72
	14
	Gadoterate meglumine  
	8
	10
	2.5
	10.50
	2
	ML
	0.200
	0.025
	0.019

	14
	56
	65
	18
	Gadoxetate disodium
	2.5
	8
	6
	18.00
	4
	LMLM
	0.229
	0.100
	0.014

	15
	43
	113
	1
	Gadobutrol 
	11.5
	78
	10
	37.50
	4
	MMMM
	0.201
	0.031
	0.009

	16
	75
	87
	25
	Gadoxetate disodium
	2.5
	119
	2.15
	21.15
	9
	LLLLLLLLL
	0.375
	0.186
	0.022

	17
	49
	97
	15
	Gadoxetate disodium
	2
	1
	2.5
	21.00
	4
	LLMM
	0.221
	0.107
	0.010

	18
	60
	115
	69
	Gadoxetate disodium
	2.5
	197
	2.5
	25.00
	7
	LLLMLLL
	0.273
	0.185
	0.019

	19
	65
	67
	22
	Gadoxetate disodium
	1.625
	196
	6.5
	25.00
	8
	LMMLLLLL
	0.511
	0.277
	0.018

	20
	62
	78
	2
	Gadoxetate disodium
	2
	71
	8
	18.50
	3
	LMM
	0.301
	0.190
	0.021

	21
	55
	67
	6
	Gadoxetate disodium
	2.5
	
	
	2.50
	1
	L
	0.174
	0.094
	0.094

	22
	64
	67
	3
	Gadoxetate disodium
	2.5
	
	
	2.50
	1
	L
	0.260
	0.144
	0.144

	23
	62
	80
	8
	Gadoterate meglumine  
	7.5
	1
	2.5
	27.00
	5
	MLLMM
	0.371
	0.063
	0.017

	24
	69
	74
	1
	Gadoxetate disodium
	2.5
	47
	6.5
	22.50
	4
	LMMM
	0.447
	0.113
	0.013

	25
	65
	100
	20
	Gadoxetate disodium
	2.5
	9
	2.5
	5.00
	2
	LL
	0.130
	0.128
	0.064



GBCA Gadolinium-based contrast agent; L linear, hepatocyte-specific GBCA (gadoxetate disodium); M macrocyclic GBCA; *Additional LA-ICP-MS analysis performed in these samples.





Supplementary Table 4. Laboratory parameters of renal and hepatobiliary function in subjects. 

	
	Mean
	Standard Deviation
	Minimum
	Maximum
	Significance p

	Creatinine (mg/dL; n=25)
	0.89
	0.22
	0.48
	1.60
	0.724

	GFR (mL/min; n=25)
	76.76
	13.42
	42
	90
	0.618

	Bilirubin (mg/dL; n=24)
	0.43
	0.20
	0.15
	0.86
	0.190

	Albumin (g/L; n=23)
	42.04
	2.77
	36.0
	47.5
	0.918

	GOT (U/L; n=24)
	32.92
	25.84
	11
	128
	0.633

	GPT (U/L; n=24)
	30.08
	14.20
	16
	90
	0.517

	AP (U/L; n=24)
	113.13
	85.73
	57
	484
	0.804

	Gamma-GT (U/L; n=24)
	122.88
	200.64
	9
	839
	0.617


GFR Glomerular filtration rate; GOT glutamic oxaloacetic transaminase; GPT glutamate-pyruvate transaminase; AP alkaline phosphatase


Supplementary Table 5. Linear regression analysis: Correlation between Gadolinium mass fraction and histological parameters.  
	Item
	Standard Error
	Standardized coefficients β
	Significance p

	Grade of steatosis
	0.091
	0.096
	0.827

	Location of steatosis
	0.079
	-0.276
	0.519

	Microvesicular steatosis
	0.131
	-0.361
	0.245

	Fibrosis
	0.079
	-0.059
	0.831

	Lobular inflammation
	0.124
	0.405
	0.280

	Microgranulomas
	0.162
	0.069
	0.800

	Large lipogranulomas
	0.182
	-0.341
	0.330

	Portal inflammation
	0.121
	-0.071
	0.816

	Ballooning
	0.072
	-0.299
	0.302

	Glycogenated nuclei
	0.160
	-0.047
	0.903



GBCA Gadolinium-based contrast agent.
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