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Method for extracting information encoded in a result of an NMR measurement 

	

5 	Description 

The invention relates to a method for extracting information encoded in a result of an NMR 

measurement according to the preamble of claim 1 and to an NMR measuring method 

according to the preamble of claim 10 making use of the method for extracting information. 

10 

Up to the present days, it is still a challenge to extract information encoded in the result of an 

NMR measurement. Prior art methods therefore often rely on graphically representing the 

result of an NMR measurement in form of an NMR spectrum. This spectrum is then evaluated 

by a person skilled in the art having long-term experience in spectra evaluation. The person 

	

15 	skilled in the art can then decide which of the observed lines in the NMR spectrum can be 

assigned to a specific substance. In doing so, often comparisons are drawn with previously 

obtained NMR spectra of pure substances. 

According to prior art techniques, it is also the task of an experienced person skilled in the art 

	

20 	to decide which of the lines observed in an NMR spectrum are to be considered as "good" lines 

that can be relied upon. Thus, there are many manual steps to be taken when properly 

evaluating the result of an NMR measurement, wherein most of those steps require manual 

work of an experienced person skilled in the art. 

	

25 	It is an object of the instant invention to provide a method for automatically extracting 

information encoded in a result of an NMR measurement. 

This object is achieved by a method having the features of claim 1. Such a method for 

extracting information encoded in a result of an NMR measurement allows for automatically 

	

30 	extracting such information and comprises the steps explained in the following. In a first step 

a first result of an NMR measurement of a sample is provided. The sample contains at least 

one constituent. The sample can, e.g., be a body fluid sample such as blood, urine, 

cerebrospinal fluid etc. However, the instant method is not restricted to extract information 

obtained from a body fluid sample. 

35 

The first result comprises encoded information on the sample. Thereby, this encoded 

information can be divided into subsets. 
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In the second step, a second result of an NMR measurement of a calibration sample is 

provided. This calibration sample contains at least one constituent of a known concentration. 

The second result comprises encoded information on the calibration sample and its 

	

5 	constituent(s). 

It should be noted that the first step can be done prior to the second step. Alternatively, the 

second step can be done prior to the first step. For performing the instantly described method, 

no specific order of those steps is necessary. 

10 

After having provided the second result, a conversion factor is calculated. This conversion 

factor is indicative for dependency between the encoded information on the calibration sample 

and the concentration of the at least one constituent of the calibration sample. Thus, the 

conversion factor can account for NMR measurement device specifications since these 

	

15 	specifications are encoded in the second result as inherent part of the encoded information on 

the calibration sample. 

Subsequently, the calculated conversion factor is applied to the encoded information of the 

first result. This can be achieved by multiplying the first result by the conversion factor. Thus, 

	

20 	the conversion factor can be seen as a factor to scale the first result so as to achieve a 

standardization of the first result by considering NMR measurement device specifications that 

are encoded in the conversion factor and can thus be considered or corrected by using the 

conversion factor. 

	

25 	Subsequently, a validity value is calculated for a part or all of the encoded information of the 

first result. For this purpose, the encoded information is divided into different subsets. A subset 

can be an arbitrarily chosen part of the encoded information, e.g., a part that relates to a 

specific group of proton signals of the at least one constituent of the sample. 

	

30 	The validity value is representative for a fitness of a first subset of the encoded information to 

be separated from a second subset of the encoded information. Thus, the validity value 

indicates if the different regarded subsets can be well distinguished from each other or not. If 

the first subset relates to a first group of proton signals and the second subset relates to a 

second group of proton signals, this method step allows to assign a validity value to the first 

	

35 	subset indicating its distinctness or distinguishing ability from the second subset. 
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Finally, the validity value is assigned to the subset of the encoded information for which it was 

calculated. Thus, the final result is a representation of individual subsets of the information on 

the sample, which information is encoded in the first result, wherein an individual validity value 

is assigned to each subset of information. Thereby, all subsets can sum up to the whole 

	

5 	information encoded in the first result or only to a part of the information encoded in the first 

result. 

Expressed in other words, the validity value is a measure for the information on the sample 

that is extractable from the first result. The validity value does not indicate the difference 

	

10 	between areas of two curves that do not superimpose each other after a fitting operation. 

Rather, the validity value indicates whether a mathematic solution of a certain problem is well 

chosen or whether another mathematic solution of the same problem would be equally good. 

If the solution is well chosen, the validity value is high. If another mathematical solution would 

be equally good or only slightly worse, the validity value is low. If one imagined all possible 

	

15 	solutions for an underlying problem (i.e. for separating information from each other) on an 

energy landscape, the validity value can be seen as a measure whether a local or an absolute 

minimum in the energy landscape is reached by the chosen solution or assignment of a specific 

part of the information encoded in the first result to a certain subset of information. 

	

20 	Thus, the validity value is a measure for the reliability and the significance of the regarded 

information subset. 

In an embodiment, the method additionally comprises a step of generating a list of subsets of 

information on the sample. This list can, e.g., be a numeric list or can be graphically 

	

25 	represented in form of a quantified spectrum. The list of subsets comprises a qualitative value 

for each subset information. This qualitative value is the validity value previously calculated. 

The list further contains a quantitative value for each subset of encoded information. This 

quantitative value is indicative for a concentration of one of the at least one constituent of the 

sample, the NMR signals of which form directly or indirectly part of the regarded subset of 

	

30 	encoded information. It is not necessary to include each existing information subset of the 

information encoded in the first result into the list. Rather, the list can comprise only a part of 

all information encoded in the first result. 

In an embodiment, the information on the sample and/or the information on the calibration 

	

35 	sample inherently comprises information on at least one environmental influence that has been 

relevant during obtaining the respective NMR measurement results. The environmental 
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influence is in particular chosen from the group consisting of pH, temperature, osmolarity, NMR 

magnet field stability and NMR detector stability. 

In an embodiment, one does not try to minimize such environmental influence, but rather to 

	

5 	measure the environmental influence as it is. Assuming that the environmental influence is the 

same upon measuring the sample and upon measuring the calibration sample, the effect of 

the environmental influence on the first result and on the second result can be assumed to be 

the same. Then, the conversion factor automatically accounts for the environmental influence 

upon applying the conversion factor to the first result. Thus, by means of the conversion factor, 

	

10 	the environmental influence is automatically cancelled down without any need to otherwise 

considering this environmental influence. 

In an embodiment, the sample properties such as pH, temperature and osmolarity are the 

same for the sample and the calibration sample. 

15 

In an embodiment, the quantitative value being indicative for a concentration of one of the at 

least one constituent of the sample is a concentration value in a SI unit. To give examples, 

mo1/1, mmo1/1, nmo1/1 and pmo1/1 are suited SI concentration units. 

20 	In an embodiment, the threshold is defined to differentiate significant ("good") validity values 

from insignificant ("bad") validity values. In an embodiment, each subset of encoded 

information having a validity value above a pre-defined threshold is considered as significant 

validity value that corresponds to a constituent-specific signal of the first result. If the validity 

value is below the pre-defined threshold, the respective subset of information is considered as 

25 	being not specific for a certain constituent of the first result. 

In an embodiment, the at least one constituent of the sample has an unknown identity when 

the first result is obtained. Thus, it is not necessary to identify the constituent prior to checking 

whether or not the information on this constituent in the first result can be well separated from 

30 	other information contained in first result. Thus, a substance identification is not necessary at 

all for performing the instantly described method. 

In an embodiment, the described method additionally comprises a step of identifying the at 

least one constituent of the sample and assigning the identified constituent to at least one of 

35 	the subsets of information of the sample. In doing do, it is possible to work with clear names 

of at least some of the constituents making up the sample instead of using generic names such 

as constituent A, constituent B etc. 
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Usually, the concentration of the different constituents making up the sample is not known to 

a person performing an NMR analysis of the sample to obtain the first result. Thus, in an 

embodiment, the concentration of the at least one constituent is not known upon obtaining the 

	

5 	first result. This makes the instantly described method feasible for almost any sample analysis. 

However, if the concentration of the at least one constituent is known to the person performing 

the NMR analysis of the sample or evaluating the first result, this does not negatively influence 

the method to be carried out. 

	

10 	In an embodiment, the first result is a measured free induction decay (FID) or a list of observed 

NMR signals. Thus, when carrying out the instantly described method, it is not necessary to 

perform a Fourier transformation on the FID to obtain an NMR spectrum. Rather, an NMR 

spectrum can be considered as auxiliary construction being necessary for manual NMR 

analysis. While the instantly described method can be well applied to NMR spectra, it also 

	

15 	works without obtaining any spectrum, but rather by working with the obtained or provided 

NMR measurement in any other form. 

In an embodiment, the first result is an NMR spectrum of the sample and the step of calculating 

the validity value is performed by several sub-steps. These sub-steps are a) defining a test 

	

20 	criterion, b) applying the test criterion to at least one NMR line of the NMR spectrum of the 

sample, and c) determining how exactly the at least one NMR line of the NMR spectrum of the 

sample matches the test criteria. This is in contrast to prior art techniques in which the quality 

or goodness of an NMR line is regularly defined by a person performing the NMR analysis or 

NMR data evaluation based on his or her personal skill and experience, but not with respect 

	

25 	to pre-defined test criteria. Thus, this embodiment enables the instantly described method to 

be applied in an automatic way to classic NMR spectra if such NMR spectra are to be used as 

NMR measurement result. 

In an embodiment, the test criterion to be defined and applied is at least one of the group 

	

30 	consisting of line width, line form and distance to an adjacent line. 

In an embodiment, the first result and the second result a generated on the same NMR device. 

This makes it particularly easy to compensate for any influences of the NMR device on the 

measurement by applying the conversion factor to the first result, since in this embodiment the 

	

35 	influences of the NMR device on the first result and the second result are expected to be the 

same so that their effect is encoded in the conversion factor. Generally, the described method 

is a device-independent method that can be carried out on NMR devices working at any 
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frequency. Suited frequencies are frequencies in a range of 300 MHz to 1 GHz, such as 400 

MHz, 500 MHz, 600 MHz, 700 MHz, 750 MHz, 800 MHz, 850 MHz, 900 MHz or 950 MHz. 

The instantly described invention relates in an aspect also to an NMR measuring method 

	

5 	having the features of claim 12. This NMR measuring method comprises a method for 

extracting information encoded in a result of an NMR measurement according to the preceding 

explanations. In addition, it comprises the steps explained in the following. First, a calibration 

result is obtained by performing an NMR measurement of a calibration sample by means of an 

NMR device using specific settings of the NMR device. Thereby, the calibration sample has a 

	

10 	defined and known concentration of at least one constituent. An NMR spectrometer is a suited 

NMR device for performing this NMR measurement. 

In a further method step, a sample result is obtained by performing an NMR measurement of 

a sample by means of the same NMR device, using the same settings of the NMR device as 

	

15 	for obtaining the calibration result. 

It is possible, to first obtain the calibration result or to first obtain the sample result. However, 

the NMR device settings should be the same in each case. 

	

20 	After a first sample result has been obtained, the step of obtaining a sample result is repeated 

for a plurality of samples so as to obtain a plurality of sample results. 

In another method step, a conversion factor being indicative for a dependency between the 

information on the calibration sample encoded in the calibration result and the concentration 

	

25 	of the at least one constituent of the calibration sample is calculated. This conversion factor is 

then applied to each obtained sample result. In doing so, the sample result can be multiplied 

by the conversion factor. 

Afterwards, a validity value for at least one subset of the encoded information of the sample 

	

30 	result is calculated for each sample result. This validity value is representative for a fitness of 

a first subset of the information encoded in the sample result to be separated from a second 

subset of the information encoded in the sample result. 

Finally, the validity value is assigned to the subset of the information encoded in the sample 

	

35 	result for which it was calculated. This step is done for each sample result previously obtained. 



WO 2016/038190 	 PCT/EP2015/070837 
7 

In an embodiment, the NMR measuring method comprises additional steps. In one of these 

additional steps, a control result is obtained. This is achieved by performing an NMR 

measurement of a first control sample by means of the NMR device using the same settings 

of the NMR device as for obtaining the calibration result. Thereby, the first control sample has 

	

5 	a defined and known concentration with respect to at least one constituent. This step of 

obtaining the first control result is performed prior to obtaining the first sample result. 

In this embodiment, the NMR measuring method comprises furthermore the additional step of 

obtaining a second control result by performing an NMR measurement of a second of a second 

	

10 	control sample by means of the NMR device using the same settings of the NMR device as for 

obtaining the calibration result. Thereby, the second control sample has once again a defined 

and known concentration with respect to at least one constituent. The step of obtaining the 

second control sample is performed after the last sample result has been obtained. 

	

15 	In an embodiment, the step of obtaining the first control result is performed between obtaining 

the calibration result and the first sample result. Thus, a sequence of results to be obtained 

within an embodiment of the NMR measuring method could be the following: 

- 	calibration result 

	

20 	- 	control result 

first sample result 

intermediate sample results 

last sample result 

second control result. 

25 

The number of sample results is not limited. A suited number of all sample results (including 

first and last sample result) is 2 to 1000, in particular 5 to 500, in particular 10 to 250, in 

particular 20 to 150, in particular 30 to 100, in particular 40 to 95, in particular 50 to 93, in 

particular 60 to 90, in particular 70 to 80. 

30 

In an embodiment, the calibration sample and at least one of the first control sample and the 

second control sample have an identical composition. In another embodiment, the first control 

sample and the second control sample have an identical composition. This reduces the work 

to be spent in producing the calibration sample and/or the control sample(s), but still allows for 

	

35 	a highly accurate calibration of the whole NMR measuring method as well as for controlling the 

stability of the NMR device while carrying out the NMR measuring method. 



WO 2016/038190 

	

	 PCT/EP2015/070837 
8 

Any of the before-mentioned alternative embodiments can be combined in any desired and 

sensible way. In addition, they can be applied to either of the described methods, even if they 

are only described with respect to one of the methods. 

5 	Details of aspects of the present invention will be explained in the following with respect to an 

exemplary embodiment and an accompanying Figure. In the Figures: 

Figure 1 	shows a table comprising different information subsets as example for a result 

obtained by an embodiment of the instant method. 

10 

Figure 1 shows a table-like list of information subsets, wherein a qualitative value in form of a 

validity value is assigned to each subset. In addition, a quantitative value in form of a 

concentration in mmo1/1 and thus in a SI unit is assigned to each subset. 

15 	In the exemplary embodiment of Figure 1, each information subset corresponds to a specific 

line in an NMR spectrum so that a mean chemical shift can be assigned to the subset. Thus, 

each subset is characterized by a mean chemical shift that can be assigned to this information 

subset in the corresponding NMR spectrum. However, it is not necessary to transform the 

information of an NMR result into an NMR spectrum to differentiate individual information 

20 	subsets. Rather, these information subsets can also be defined in other forms of representation 

of the underlying NMR result. 

The validity value according to the exemplary embodiment of Figure 1 can be between 0 (poor 

validity) up to 1 (good validity). A threshold of 0.75 was defined. Validity values lying above the 

25 	range of 0.75 indicate that the respective information subset can be well separated from other 

information subsets that it has been compared with. Usually, the validity value is calculated for 

a first information subset lying adjacent to another information subset from which the first 

information subset should be separated. 

30 	Instantly, information subset A has a validity value of 0.90. This indicates that this information 

subset can be well separated from information subset B which is the information subset being 

most closely adjacent to information subset A if the information subsets are represented in a 

spectrum. 

35 	If the validity value would be below 0.75 (which is not the case for the information subsets 

represented in Figure 1), the according information subset could not be well separated from 

the most adjacent information subset. Therefore, the respective information subset would not 
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be suited to be associated with certain compounds nor with a certain concentration. Rather, it 

would represent somewhat unclear and thus undefined information that could not readily be 

evaluated in the respective NMR measuring result. 

5 	The instantly described method is a device-independent method. A quantification of a 

component of the sample can be done before this component is identified or can be completely 

skipped. 

10 
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Claims 

1. 	Method for extracting information encoded in a result of an NMR measurement, comprising 

the following steps: 

a) providing a first result of an NMR measurement of a sample containing at least one 

constituent, wherein the first result is an NMR spectrum of the sample and comprises 

encoded information on the sample, wherein the encoded information comprises 

subsets, 

b) providing a second result of an NMR measurement of a calibration sample containing 

at least one constituent of known concentration, the second result comprising encoded 

information on the calibration sample, 

c) calculating a conversion factor being indicative for a dependency between the encoded 

information on the calibration sample and the concentration of the at least one 

constituent of the calibration sample, 

d) multiplying the first result by the conversion factor, 

e) calculating a validity value for at least one subset of the encoded information of the 

first result, the validity value indicating whether or not a first subset of the encoded 

information can be well distinguished from a second subset of the encoded information, 

wherein the step of calculating the validity value is carried out by defining at least one 

test criterion chosen from the group consisting of line width, line form and distance to 

an adjacent line, by applying the test criterion to at least one NMR line of the NMR 

spectrum of the sample, and by determining how exactly the at least one NMR line of 

the NMR spectrum of the sample matches the test criterion, and 

f) assigning the validity value to the subset of the encoded information for which it was 

calculated. 

2. Method according to claim 1, characterized in that it additionally comprises the following 

step: generating a list of subsets of information on the sample, comprising a qualitative 

value for each subset of information in the form of the validity value, and a quantitative 

value for each subset of encoded information being indicative for a concentration of one 

of the at least one constituent of the sample. 
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3. Method according to claim 1 or 2, characterized in that the quantitative value is a 

concentration value in a SI unit. 

4. Method according to any of the preceding claims, characterized in that each subset of 

encoded information having a validity value above a pre-defined threshold corresponds to 

a constituent-specific signal of the first result. 

5. Method according to any of the preceding claims, characterized in that the at least one 

constituent of the sample is a constituent, the identity of which is unknown upon obtaining 

the first result. 

6. Method according to any of the preceding claims, characterized in that it additionally 

comprises the following step: identifying the at least one constituent of the sample and 

assigning the identified constituent to at least one of the subsets of information of the 

sample. 

7. Method according to any of the preceding claims, characterized in that the at least one 

constituent of the sample is a constituent, the concentration of which is unknown upon 

obtaining the first result. 

8. Method according to any of the preceding claims, characterized in that the first result is 

a measured free induction decay or a list of observed NMR signals. 

9. Method according to any of the preceding claims, characterized in that the first result and 

the second result are generated on the same NMR device. 

10. NMR measuring method, characterized by the following steps: 

a) obtaining a calibration result by performing an NMR measurement of a calibration 

sample by means of an NMR device using specific settings of the NMR device, the 

calibration sample having a defined and known concentration with respect to at least 

one constituent, 

b) obtaining a sample result by performing an NMR measurement of a sample by means 

of the NMR device using the same settings of the NMR device as for obtaining the 

calibration result, wherein the sample result is an NMR spectrum of the sample, 
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c) repeating the preceding method step for a plurality of samples, 

d) calculating once a conversion factor being indicative for a dependency between the 

encoded information on the calibration sample and the concentration of the at least 

one constituent of the calibration sample, 

e) performing the following method steps for each of the sample results: 

i) multiplying the respective sample result by the conversion factor, 

ii) calculating a validity value for at least one subset of the encoded information of the 

respective sample result, the validity value indicating whether or not a first subset 

of the encoded information can be well distinguished from a second subset of the 

encoded information, wherein the step of calculating the validity value is carried 

out by defining at least one test criterion chosen from the group consisting of line 

width, line form and distance to an adjacent line, by applying the test criterion to at 

least one NMR line of the NMR spectrum of the sample, and by determining how 

exactly the at least one NMR line of the NMR spectrum of the sample matches the 

test criterion, and 

iii) assigning the validity value to the subset of the encoded information for which it 

was calculated. 

11. NMR measuring method according to claim 10, characterized in that 

a step of obtaining a first control result by performing an NMR measurement of a first 

control sample by means of the NMR device using the same settings of the NMR device 

as for obtaining the calibration result, the first control sample having a defined and known 

concentration with respect to at least one constituent, is performed prior to obtaining the 

first sample result, and in that 

a step of obtaining a second control result by performing an NMR measurement of a 

second control sample by means of the NMR device using the same settings of the NMR 

device as for obtaining the calibration result, the second control sample having a defined 

and known concentration with respect to at least one constituent, is performed after the 

last sample result was obtained. 
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12. NMR measuring method according to claim 11, characterized in that the calibration 

sample and at least one of the first control sample and the second control sample have an 

identical composition. 


