Supplemental information.
Development of an automated process for monitoring of amiodarone treatment Birgitta I Johansson, Jonas Landahl, Karin Tammelin, Erik Aerts, Christina Lundberg, Martin Adiels, Martin Lindgren, Annika Rosengren, Nikolaos Papachrysos, Helena Filipsson Nyström, Helen Sjöland
 

Table SI. Algorithm for thyroid and liver test results for the Robotic Process Automation in treatment with amiodarone

Clinical laboratory testing and reference values

Routine tests: free thyroxine (fT4, reference range 9.8-17 pmol/L), thyroid stimulating hormone (TSH, reference range 0.4-3.7 mIU/L), aspartate aminotransferase (AST, reference range women 0.25-0.60 µkat/L, and men 0.25-0.75 µkat/L), and alanine transaminase (ALT, reference range women 0.15-0.75 µkat/L, and men 0.15-1.1 µkat/L). 

Additive tests: free triiodothyronine (fT3 reference range 2.4-6.0 pmol/L), TSH-receptor antibodies (TRAb, reference range<1.8 IU/L), Thyreoperoxidase antibodies (TPO-ab, reference range <5.6 kIU/L)



Algorithm for use by Robot 2 (units as disclosed above)

Green: Control in six months (in accordance with guidelines)

TSH 0.4 – 5.0
AST 0.25 – 0.75
ALT 0.15 – 1.10

Commentary: Here, a TSH level slightly above the reference range in the green group is justified for several reasons. Hypothyroidism develops gradually, and a value slightly outside the reference range is often transient, normalizing in 40-60% of cases (1). Current guidelines refer to a gray zone where treatment decisions remain uncertain (2-4). Also, this slight deviation does not worsen the arrythmia situation. Notably, this group also includes normal deviations caused by amiodarone treatment, such as increased fT4 with normal TSH levels due to impaired peripheral deiodination of fT4 to fT3, and occasionally slightly elevated TSH due to the Wolff-Chaikoff effect (5). Aminotransferase levels fall within reference ranges.




Yellow: Control of routine tests in one month 

[bookmark: _Hlk90011820]For TSH 0.1 –<0.4 or >5.0—9.0:

[bookmark: _Hlk90011953]If TSH >5.0—9.0 and fT4 within range (9.8—17.0) 	Routine tests in one month + TPO-ab. 
If TSH >5.0—9.0 and fT4 slightly decreased (8.0–<9.8)   Routine tests in one month + TPO-ab.

If TSH 0,1—<0,4 and fT4 normal (9,8−17,0)	Routine tests in one month + fT3 and TRAb. If fT3 elevated (>6,0) or TRAb elevated (≥1.8) go to Red.

If “control in one month” is ordered at three times, escalate to Red.  

If AST >0.75−≤2.0: 	Control of AST and ALT in one month, if AST >0.75−≤2 control of AST and ALT in three months. If remaining at the same level, continue every third months.  

If ALT>1.1−≤2.0: 	Control of AST and ALT in one month, if ALT >1.1−≤2 control of AST and ALT in three months. If remaining at the same level, continue every third months.  

Commentary: The yellow group includes test outcomes deviating slightly more from reference values than those in the green group, but still allowing for sufficient time to recheck. Following the same reasoning as in the green group, TSH 5.0-9.0 mIU/L will not necessarily require immediate treatment. Also, the diagnosis of subclinical or overt hypothyroidism due to thyroid disease should be strengthened by the presence of TPO antibodies. However, the levels motivate a heightened awareness to capture possible worsening, motivating follow-up at a shorter time interval than 6 months, to comply with clinical practice. 
This group also includes the indecisive zone of TSH 0.1-0.4 mIU/L, which, according to present guidelines for subclinical hyperthyroidism, requires rechecking along with fT3 and TRAb testing (2-4) to detect overt hyperthyroidism and/or Graves’ disease. The proposed procedure will not delay accurate management. 
For amiodarone, liver serum enzyme elevations are reported in 15% to 80% of patients on long-term therapy. They often resolve spontaneously even if amiodarone is continued. Liver biopsy findings in this group has minimal changes and typically without significant tissue damage. However, persistent elevations warrant closer monitoring (6-8).




Red: Directly for assessment by physician

TSH <0,4 and elevated fT4 (>17.0)
TSH <0.1 and fT4 within range (9.8─17.0)
TSH >5.0─9.0 and low fT4 (<8.0)
TSH >9.0
AST >2.0
ALT >2.0

Commentary: For the cases above, overt hyperthyroidism or definite subclinical hyperthyroidism (with TSH <0.1 mIU/L) (rows 1-2), the subject will be managed directly by the physician with a recommendation of referral to an endocrinologist, especially as this situation may increase the arrythmias. However, most often the decreased peripheral conversion of fT4 to fT3 during amiodarone treatment limits that risk (5). Similarly in cases with overt hypothyroidism or with high TSH (rows 3-4) we would not want to delay management within primary care. Clinically apparent liver disease occurs in up to 1% of patients treated with amiodarone annually. The risk increases with higher doses or prolonged treatment. A significant elevation in aminotransferases (rows 5-6) requires immediate physician assessment to exclude clinically apparent liver disease and determine whether amiodarone therapy should be discontinued (9-10). 

Instruction to cardiologist handling test results classified as “Red”

Assessment by physician always implies that the cardiologist evaluates the indication for amiodarone, and possibly adjusts the dose. 

For specific results:
 

	Hyperthyroidism (results as below): 
TSH <0.4 and elevated fT4 (>17.0).



TSH <0.1 and fT4 within range. 





If TSH 0.1–0.4 and fT4 within range (9.8−17.0) (subclinical hyperthyroidism) and elevated fT3 (>6.0) or elevated TRAb (≥1.8).		


Hypothyroidism (results as below):
TSH >5.0−9.0 and decreased fT4 (<8.0)




TSH >9.0	

If TSH >5.0−9.0 and fT4 within range 
(9.8−17.0) and elevated TPO-ab (≥5.6).







If TSH >5.0−9.0 and fT4 slightly decreased (8.0−<9.8) and elevated TPO-ab (≥5.6).







Liver injury
Persistent AST and ALT > 2.0, up to 5x upper normal limit.






AST and ALT >5 times above upper limit.

AST and ALT >10 times above upper limit
	
Discontinue medication and immediately notify endocrinologist. 

Order TSH, fT4, fT3 and TRAb within 2 weeks, simultaneously notify endocrinologist. Hold off change of medication.

Referral to endocrinologist. Consider change in medication. 



Consider levothyroxine and indication for amiodarone. Refer to endocrinologist.

As above.

Subclinical hypothyroidism. TPO-ab explains the mechanism. If no symptoms, continue every third months. If symptomatic refer to
primary care.


Consider low dose levothyroxine. Consider indication for amiodarone treatment. If symptomatic refer to primary care.





Consider discontinuation or pausing of treatment. Reinstatement of low dose may be considered after normalization of AST and ALT. 

Referral to hepatologist. 

Immediately contact hepatologist.
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