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Claims 

1. A computer-implemented method for estimating a bilirubin level of a neonate, 

comprising the steps of: 

- Acquiring a series of bilirubin levels measured from a blood sample 

obtained from the neonate at different time points,  5 

- Acquiring a plurality of covariates from the neonate, each covariate 

comprising an information about a neonatal property, 

- Providing a predefined bilirubin model function, wherein the bilirubin model 

function is configured to describe a time course of the bilirubin level of the 

neonate, 10 

- Determining a plurality of model parameters of the bilirubin model function, 

wherein each model parameter is estimated from at least one covariate of 

the plurality of covariates and an associated population model parameter, 

- Determining from the acquired series of bilirubin levels and the bilirubin 

model function with the determined model parameters an expected bilirubin 15 

level of the neonate for a time later than a lastly acquired bilirubin level of 

the series of bilirubin levels,  

wherein the bilirubin model function is a rate equation relating a time-varying 

bilirubin production rate 𝐾𝑝𝑟𝑜𝑑, with a time-varying bilirubin elimination rate 

𝐾𝑒𝑙𝑖𝑚, and particularly a time-varying phototherapy exposure function 𝑃𝑇, 20 

wherein the bilirubin production rate 𝐾𝑝𝑟𝑜𝑑, the bilirubin elimination rate 𝐾𝑒𝑙𝑖𝑚 

and particularly the phototherapy exposure function 𝑃𝑇 comprise the plurality of 

model parameters.  

 

2. The computer-implemented method according to claim 1, wherein the model 25 

function is expressed as 

𝑑

𝑑𝑡
𝐵𝑖𝑙𝑖𝑟𝑢𝑏𝑖𝑛(𝑡) = 𝐾𝑝𝑟𝑜𝑑(𝑡) − (𝐾𝑒𝑙𝑖𝑚(𝑡) + 𝑃𝑇(𝑡)) ⋅ 𝐵𝑖𝑙𝑖𝑟𝑢𝑏𝑖𝑛(𝑡)
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wherein 
𝑑

𝑑𝑡
 is a time-derivative operator, wherein 𝐵𝑖𝑙𝑖𝑟𝑢𝑏𝑖𝑛(𝑡) is the bilirubin 

level at a time 𝑡.  

 

3. The computer-implemented method according to claim 2, wherein the bilirubin 

production rate 𝐾𝑝𝑟𝑜𝑑(𝑡) is expressed as 𝐾𝑝𝑟𝑜𝑑(𝑡) = 𝐾𝑖𝑛𝐵𝑎𝑠𝑒 ⋅ 𝑒𝑥𝑝(−𝐾𝑃𝑁𝐴 ⋅5 

𝑡) + 𝐾𝐴𝐷, wherein 𝐾𝑖𝑛𝐵𝑎𝑠𝑒 and 𝐾𝑃𝑁𝐴 are model parameters comprised by the 

plurality of model parameters, wherein 𝐾𝑖𝑛𝐵𝑎𝑠𝑒 is an excess neonatal bilirubin 

production rate at time zero, wherein 𝐾𝐴𝐷 is a normal bilirubin production rate, 

and wherein 𝐾𝑃𝑁𝐴 is a decay rate of the bilirubin production rate 𝐾𝑝𝑟𝑜𝑑(𝑡). 

 10 

4. The computer-implemented method according to any one of the claims 2 to 3, 

wherein the bilirubin elimination rate 𝐾𝑒𝑙𝑖𝑚(𝑡) is expressed as 𝐾𝑒𝑙𝑖𝑚(𝑡) =

𝐾𝐸𝑀𝐴𝑋⋅𝑡𝐻

𝑇50𝐻+𝑡𝐻 , wherein 𝐾𝐸𝑀𝐴𝑋 is a model parameter comprised by the plurality of 

model parameters, wherein 𝐾𝐸𝑀𝐴𝑋 is a maximum stimulation rate of bilirubin, 

𝑇50 is a time when the time-varying bilirubin elimination rate has increased to 15 

50 % of its value at 𝑡 = 0, wherein 𝐻 is a Hill coefficient. 

 

5. The computer-implemented method according to any one of the claims 2 to 4, 

wherein 𝑃𝑇(𝑡) is expressed as 𝑃𝑇(𝑡) = 𝐾𝑃 ⋅ 𝑆(𝑡), wherein 𝐾𝑃 is a model 

parameter comprised by the plurality of model parameters and particularly 20 

wherein 𝑆(𝑡) is a time-varying step function indicating the times when 

phototherapy has been received by the neonate, particularly wherein 𝑆(𝑡) 

assumes only two values, particularly values of 0 or 1. 

 

6. The computer-implemented method according to any one of the preceding 25 

claims, wherein the at least one covariate, particularly at least two covariates, 

comprises one of the following information: 

- A birth weight, particularly as a continuous covariate,  

- A gestational age, particularly as a continuous covariate,  

- A delivery mode, particularly as a categorical covariate, comprising the 30 

information whether the neonate was delivered by Caesarean section or by 

vaginal delivery; 

- A type of feeding, particularly as a categorical covariate, comprising the 

information whether the neonate is fed by mother milk or by formula milk; 
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- A received phototherapy, particularly as a categorical covariate, comprising 

the information whether the neonate has received phototherapy or not in 

the past and/or will receive phototherapy in the future, 

- A weight loss compared to the birth weight, particularly as a continuous 

covariate, 5 

- A low birth weight, as a categorical covariate, comprising the information 

whether the birth weight was below or above a predefined birth weight, 

wherein the predefined weight is particularly 2500 g; 

- A respiratory support, particularly as a categorical covariate, comprising the 

information whether the neonate has received respiratory support after 10 

delivery or not. 

 

7. The computer-implemented method according to any one of the preceding 

claims, wherein the at least one covariate comprises an information about a 

blood incompatibility, particularly as a categorical covariate, comprising the 15 

information whether the neonate had an ABO blood type incompatibility or a 

rhesus incompatibility or both. 

 

8. The computer-implemented method according to claim 5, wherein the model 

parameter 20 

- 𝐾𝑖𝑛𝐵𝑎𝑠𝑒 is estimated from the covariate comprising the information on the 

delivery mode, particularly wherein 𝐾𝑖𝑛𝐵𝑎𝑠𝑒 is lower, if the neonate was 

born by Caesarean section as compared to a neonate that was born by 

vaginal delivery; 

- 𝐾𝑃𝑁𝐴 is estimated from the covariates comprising the information about 25 

weight loss, the low birth weight , type of feeding, and a received 

phototherapy, particularly wherein 𝐾𝑃𝑁𝐴 is lower, if the neonate received 

phototherapy as compared to a neonate that has not received 

phototherapy;  

- 𝐾𝐸𝑀𝐴𝑋 is estimated from the covariate comprising information about the 30 

type of feeding, particularly wherein particularly 𝐾𝐸𝑀𝐴𝑋 is lower if the 

neonate is fed with mother milk as compared to a neonate that has been 

fed by formula milk; and/or 

- 𝐾𝑃 is estimated from the covariate comprising information about the 

respiratory support, particularly wherein 𝐾𝑃 is higher, if the neonate did not 35 
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receive respiratory support as compared to a neonate having received 

respiratory support. 

 

9. The computer-implemented method according to any one of the preceding 

claims, wherein each model parameter 𝑃 is estimated from the at least one 5 

covariate 𝐶𝑂𝑉𝑖 by weighting the associated population model parameter 𝑃0 of 

the model parameter 𝑃 with the at least one covariate 𝐶𝑂𝑉𝑖, particularly 

wherein each model parameter 𝑃 is determined by 𝑃 =  𝑃0 ∙ (1 + 𝜃 ∙ (𝐶𝑂𝑉𝑖 −

median(𝐶𝑂𝑉))), if the covariate is a continuous covariate and by P = P0 ∙ (1 +

θ ∙ COVi), if the covariate is a categorical covariate, wherein 𝜃 is a weighting 10 

factor for adjusting the weight of the covariate on the respective model 

parameter. 

 

10. The computer-implemented method according to any one of the preceding 

claims, wherein the expected bilirubin level of the neonate is determined by use 15 

of a maximum a posteriori probability estimate method (MAP), processing the 

acquired bilirubin levels and the bilirubin model function with the determined 

model parameters.  

 

11. The computer-implemented method according to any one of the preceding 20 

claims, wherein the bilirubin levels of the acquired series of bilirubin levels are 

acquired during a course of at least 24 hours, and wherein at least two bilirubin 

levels are estimated.  

 

12. The computer-implemented method according to any one of the preceding 25 

claims, wherein the bilirubin levels are determined from a sample, particularly a 

blood sample, obtained from the neonate.  

 

13. The computer-implemented method according to any one of the preceding 

claims, wherein a maximum bilirubin level is provided, wherein if the expected 30 

bilirubin level is higher than the maximum bilirubin level, the neonate is 

exposed to phototherapy. 

14. The computer-implemented method according to claim 13, wherein the time 

interval for phototherapy exposure is estimated by the method according any 

one of the preceding claims, when determining the expected bilirubin level. 35 
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15. Computer program for determining a bilirubin concentration of a neonate, 

wherein the computer program comprises computer program code, wherein 

when the computer program is executed on a computer, the computer executes 

the computer-implemented method according to any one of the preceding 

claims.  5 

 


