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Abstract. A study is presented for evaluating the diagnostic capacity of the DETEC-PC, detection - 
measurement system for the Thyroid Uptakes.  A clinical trial was designed for that effect and all the patients 
included were evaluated using the DETEC–PC and the well-known radioimmunoassay (RIA) standard 
diagnostic procedure known by acronym RIA. For the Thyroid Uptakes using the DETEC-PC patients received 
an oral administration of a solution of radioactive Iode. The radioactive substance is attracted chemically to the 
gland and ionising radiation detector captures their emissions. The Iode concentration in the Thyroid, as well as 
the variation of this concentration over time reflects the function of the gland.   The RIA is based on the analysis 
of the values associated with the t3, t4 and tsh hormones, and when these three parameters are in a certain range 
the patients can be classified.  The sample size was calculated in order to estimate the gross coincidence percent 
between both methods with a precision of 1% at a confidence level of 95%. In total 110 patients were included in 
the trial.   Mainly two types of statistical analysis were carried out, in the first analysis all the patients included in 
the study were considered whereas in the second analysis the patients with doubtful RIA results were not 
included. Ideally the performance of a diagnostic tool is evaluated through the estimation of its sensitivity and 
specificity. Nevertheless, in the present study the reference procedure (RIA) can not be considered a gold 
standard diagnostic device. In such a setting the international regulations advise to use measurements of 
agreement to evaluate the diagnostic capacity of the new method. In the present study we evaluated the level of 
diagnostic agreement between the DETEC–PC and the RIA using the Kappa statistics. Additionally, the 
confidence interval for the Kappa statistics and the corresponding significant test for the present of agreement 
were also computes. The obtained results showed a high concordance grade between both procedures and a 
concordance level between moderate and substantial when random agreement between both procedures was 
removed. 
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1. Introduction   
   
Thyroid uptake was one of the first methods developed in nuclear medicine and it is still used to 
evaluate the functionality of the gland. It can be carried out by means of a camera gamma or, 
preferably, by means of a thyroid detector. Although in the last decades there has been an increase in 
the use of image nuclear techniques worldwide, till these days the radiometric application maintains its 
validity and effectiveness.    
  
The functional study of the Thyroid plays an important role in the follow up of patients that receive 
hormonal regulatory therapies and in the planning of treatment with radio-active Iode. Nowadays, it is 
considered that the calculation of the active (dose) of I-131 should be done individually, in opposition 
to methods that required a fixed dose.  The personalized treatment is intended to reach a quick but 
appropriate therapeutic answer, to slow the eventual appearance of hypothyroidism, to avoid 
unnecessary overdose of I-131 and to minimize, insofar as possible, the need for redesigning the 
treatment in patients with complications for thyrotoxicosis (heart e.g.).  
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It is known that each thyroid gland has a different radio-sensitiveness. For instance, a certain dose can 
make a patient hypothyroid whereas another subject may well require up to five times this dose to 
control hyperthyroidism. Using Thyroid uptake, the effective half life can be calculated (EHL). This 
value is related to the physical half life of the iodin-131 and to the biological half life in each patient's 
gland. The EHL can then be used to calculate the specific dose that a patient may need.   
 
In Cuba, there are regions with a high incidence of Thyroid pathologies. Any general hospital usually 
cares for dozens of cases every week and there are places where these illnesses are endemic.  Thyroid 
uptake is one of the most frequently applied techniques in the Nuclear Medicine Department of 
hospitals. In the past decades these modules had all the necessary equipments and infrastructure for 
carrying out these measurements. However, with the course of the years these equipments, which 
mainly came from the socialist countries of Eastern Europe, were becoming obsolete and deteriorating 
beyond repair. These circumstances faced us with the task of developing in our country a system able 
to perform these types of studies.  The DETEC-PC was the answer to this challenge. In the present 
work we report the main results obtained in a clinical trial carried out to acquire the medical 
registration of the DETEC-PC from Cuban regulatory authorities.  
 

2. Materials and Methods   
   
2.1 Description of the study   
   
The DETEC-PC is a detection measurement system designed to be used in the studies of Thyroid 
uptake. It consists of three elements: the detector with their collimator, a measurement module and the 
application software.   
   
To evaluate the effectiveness and security of the DETECT-PC, a clinical study was designed. It was a 
controlled, simple blind clinical trial, carried out in a single institution. All patients were treated in the 
Clinical Surgical Hospital “Salvador Allende” and followed up by specialists in Oncology and 
Endocrinology.   
   
The study was designed taking into account the principles of the Declaration of Helsinki as well as all 
the regulations and norms of good clinical practice required by the Cuban regulatory agency. 
   
A total of 110 patients were included in the trial. The following inclusion criteria were considered: 1) 
patients with presumptive diagnosis of Hypothyroidism, Hyperthyroidism, Diffuse Toxic Goiter, 
Nodular Goiter, Cancer of the Thyroid, 2) patients with ages between 16 and 65 years, both inclusive, 
3) patients who signed an Informed Consent form after receiving a detailed explanation about the 
protocol. Additionally, were excluded from the study the following subjects: 1) children, 2) pregnant 
women, 3) women that were breastfeeding, 4) patients hypersensitive or allergic to the Iode, 5) 
patients that were ingesting ant thyroid drugs, and 6) patients that were recently involved in 
radiological contrasted studies. Patients were asked to fast for some hours before the uptake was 
carried out.   
   
The Thyroid uptake using the DETEC-PC consisted of an oral administration of a radio-active Iode 
solution to the patient. Later a number of serial measurements were obtained at 2, 4, 6, 24, 48, 72 and 
96 hours. At 2 and 24 hours, an evaluation was made and the patient was classified as hypothyroid  
(HYPO), euthyroid   (EU) and hyperthyroid  (HYPER). At that moment it was also decided if further 
measurements were necessary to calculate the effective half life (see table 1).   
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Table 1: Classification of patients according to uptake percent.   
   
   

Evaluation at the 2 hours   
Uptake percent  Diagnosis Decision 
From 0 to 4 HYPO Measurement goes on 
From 5 to 16 EU End of study   

Bigger than 16 HYPER Measurement goes on 

Evaluación a las 24 horas 
From 0 to 9 HYPO End of study   
From 10 to 50 EU End of study   
Bigger than 50 HYPER Measurement goes on, to 

calculate the Effective Mean 
Life (EML) 

 
The RIA is based on the analysis of the values associated with the T3, T4 and TSH. If these three 
parameters are in a certain range, then the patients are classified in EU, HYPO and HYPER.  
However, in some occasions contradictory results can be obtained, for example, it is possible that T3 
and T4 classify a patient as HYPO while TSH classifies him as normal (EU). In those cases an 
algorithm is applied that can give a non-specific diagnosis like sub clinical Hypo or sub clinical 
Hyper. In general, patients with this diagnostic do not have clinically detectable symptoms.    
   
In the clinical trial all patients were evaluated using the new system DETEC-PC and the standard 
diagnosis procedure RIA. 

2.2 Statistical Analysis   
   
The sample size was calculated in order to estimate the percent of total agreement between both 
methods with a 1% precision at a 95% confidence level. The main response variable was the Overall 
Diagnostic Agreement (CD) that took value one when both procedures (RIA and DETEC-PC) 
produced the same diagnosis and value zero otherwise.  The main objective of the study was to 
determine the total probability of diagnostic agreement with an acceptable precision and confidence 
level. The following expression summarizes the adopted procedure:   
 
 

                                                                       (1)                     
 
 

where:  0p   is the probability of Overall Diagnostic Agreement, 
n
kp =ˆ  denotes the maximum 

likelihood estimator of  0p , k  is the number of patients that received the same diagnostic with both 
procedures, n denotes the total number of patients, β  represents the pre-specified error level that was 
fixed at  10 % and α−1 denotes the confidence level  that it was fixed at 95%. Using all previous 
elements, the sample size to estimate the percent of total agreement between both methods can be 
calculated as:  
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where:  2αz  is the corresponding percentile of the normal distribution with mean zero and variance 
one. Expression (2) clearly illustrates that the sample size depends on the probability of total 
agreement, precisely, the parameter that we want to estimate. However, this expression reaches its 
maximum value when 5.00 =p  and therefore, this was the value used for the sample size calculation. 
Note that, although a diagnostic agreement of only 50% between both methods could be considered 
low, this value maximizes the number of patients to be included in the study guarantying the reliability 
of our findings. 
   
The statistical analysis was divided in two parts.  In the first part of the analysis the data of all the 
patients were considered while in the second part those patients with an inconclusive diagnosis by RIA 
were excluded.   
 
It is important to point out that 0p  only represents the level of total agreement between both 
procedures and it does not take into account possible random agreement between both diagnosis tests. 
To adjust for a possible random agreement the Kappa statistics was used. We also calculate the 
confidence interval for Kappa and the corresponding significance test.   
 
3. Results and Discussion   
   
3.1. Analysis of the result using the information of all the included patients.   
   
For both, RIA and DETEC-PC, the EU category (normal) was the most frequent diagnosis, with a 60 
and 72 percent of the sample respectively. Only 14% of the patients were diagnosed with 
hyperthyroidism or sub-clinical hypothyroidism by the RIA, while DETEC-PC did not classified any 
patient in these diagnostic categories. A case of thyrotoxicosis was diagnosed with the RIA. (see Table 
2).   
 
Table 2: Diagnosis carried out by both procedures for each patient.   
 

Diagnosis RIA DETEC-PC 
 Patients Percent patients Percent 
EU 66 60.0 79 71.8 
Hyper 18 16.4 16 14.6 
Sub clinical 
Hyper 

8 7.3 0 0.0 

Hypo 8 7.3 15 13.6 
Sub clinical Hypo 9 8.1 0 0.0 
thyrotoxicosis 1 0.9 0 0.0 
Total 110 100 110 100 

 
The diagonal of table 3 can be used to obtain the number of cases in which both diagnostic procedures 
led to the same results. Based on this information the maximum likelihood estimator p̂  of the percent 
of overall diagnostic agreement can be calculated: 
 
                                                                                                                                                  (3) 
                                                                                   
 
 
 
 



 
 
Table 3: Diagnosis Coincidence between both procedures. 
 

       D     E    T    E    C  –  P  C 
Diagnosis EU Hyper Sub 

clinical 
Hyper 

 

Hypo Sub 
clinical 
Hypo 

 

thyrotoxicos
is 

Total 

EU 61 1 0 4 0 0 66 
Hyper 2 15 0 1 0 0 18 
Sub clinical 
Hyper 

5 0 0 3 0 0 8 

Hypo 2 0 0 6 0 0 8 
Sub clinical Hypo 8 0 0 1 0 0 9 
Tirotoxicosis 1 0 0 0 0 0 1 

 
 
 
 

R 
 
I 
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Total 79 16 0 15 0 0 110 
 
This value shows a high percent of overall diagnostic agreement between both diagnostic procedures. 
Further, the asymptotic 95 % confidence interval for  0p  equals ( )827.0,664.0%95 =CI .  Therefore, 
we can conclude that the percentage of total agreement between both methods was high, somewhere 
between a 66 and 83 percent.   
   
We also calculated a bootstrap nonparametric confidence interval for the parameter of interest 0p . 
Table 4 shows this confidence interval which does not rely on asymptotic arguments. The first part of 
the table shows the observed value of the estimator, as well as the bootstrap estimation for the bias, the 
arithmetic mean of the estimators and the value of the standard deviation both calculated using re-
samples. In the second part we have the non parametric confidence intervals calculated using the crude 
estimates for the 2.5 and 97.5 percentile and the more accurate BCa procedure which led 
to ( )81.0,654.0%95 =CI . Notice that although the bootstrap interval was a little bit wider, as one 
should expect, both intervals are almost identical, showing that with this sample size the  asymptotic 
approximation gives valid results.   
   
Table 4: Calculations of the confidence interval.   
 

 Observed bias Mean SE 
p̂  0.745 -0.0006636 0.7448 0.04147 

 
 2.5% 5% 95% 97.5% 

Empiric Percentiles  0.6636 0.6727 0.8091 0.8182 
BCa 0.6545 0.6636 0.8 0.8182 

 
However, this analysis did not take into account the percent of concordance that can be attributed to 
random, non systematic factors.  To deal wit this problem we use the Kappa statistics. The estimated 
value for the Kappa coefficient was 0.525ˆ =κ . Note that even though this value is much smaller that 
percent of overall diagnostic agreement, here we have removed the effect of a possible random 
concordance.   We also carried out a significant test to evaluate the hypotheses: 
  
   

0:0 =κH  versus      0:1 ≠κH  



   
This led to a z.value=7.60, and corresponding p.value=3.10e-014, which is highly significant. This 
means that the null hypothesis of a completely random concordance is not consistent with the data, or 
equivalently, the concordance observed between the DETEC-PC and the RIA can not be explained 
only by random agreement. Additionally, we calculated the asymptotic 95 % confidence interval for 
the kappa coefficient: ( )66.0,389.0%95 =kappaCI  .    
   
The point estimate obtained for the Kappa coefficient indicates the presence of a moderate 
concordance between both procedures in our case study.  Taking into account the values included in 
the confidence interval one can conclude that the concordance between both procedures is somewhere 
between moderate and substantial.   
   
Like before the previous confidence interval is also based on asymptotic arguments. Therefore, we 
calculated a new confidence interval for the Kappa coefficient using bootstrap; the results are shown 
in the table 5.   
   
Table 5: Calculations of the confidence interval. 
 

 Observed   (bias) Sesgo (arithmetic mean) 
Media 

SE 

κ̂  0.5245 -0.001328 0.5232 0.07118 
 
 2.5% 5% 95% 97.5% 
Empiric Percentiles 0.3831 0.4066 0.6367 0.6627 
BCa 0.3913 0.41 0.6407 0.6715 

 
Using the values of the 2.5 and 97.5 percentile derived with the BCa procedure the following 95% 
nonparametric confidence interval was obtained ( )672.0,391.0%95 =kappaCI . These results confirm the 
previous asymptotic estimations.  Finally, we can conclude that the concordance between both 
procedures is between moderate and substantial.   
   
3.2. Analysis of the Results without Considering the Patients with sub clinical Diagnosis.   
   
As stated before patients with a diagnosis of hypo or sub clinical hyperthyroidism lack clinically 
detectable symptoms. Obviously, these cases are more difficult to diagnose, and for them the 
traditional procedure RIA offers ambiguous results. Taking into account the specific and exceptional 
characteristics of these type of patients, we decided to repeat the previous analysis without including 
them. The table 6 illustrates the concordance analysis among the two procedures without including 
these patients.     
   
Table 6: Coincidence in the diagnosis between both procedures. 
 

                     D E T E C – P C 
 Diagnosis EU Hyper Hypo Tirotoxicosis Total 

EU 61 1 4 0 66 
Hyper 2 15 1 0 18 
Hypo 2 0 6 0 8 
Tirotoxicosis 1 0 0 0 1 

R 
 
I 
 
A Total 66 16 11 0 93 

 



882.0
93
82ˆ ===

n
kp

Once again the diagonal of the table represents the patients in which both procedures coincided and 
based on this information we now can calculate the maximum likelihood estimator of the percentage 
of overall agreement 0p : 
                                                                                                                                                                              
                                                                                                                                                  (4) 
                                 
 
In this case the percent of total concordance has increased in more than 10% with respect to the value 
previously reported. This clearly demonstrates that these patients can have a huge impact on the 
results. As it was explained at the beginning of this section, it is difficult to evaluate the concordance 
between the DETEC-PC and the RIA in those sub-populations in which RIA doesn't offer conclusive 
results. Arguably, one can think that excluding these doubtful cases will lead to a more accurate 
estimate of the concordance between both procedures. 
   
The asymptotic 95% confidence interval for the percentage of overall agreement was 
now ( )947.0,816.0%95 =CI . Therefore, we can conclude that the percent of total concordance 
between both methods were in this opportunity very high, somewhere between an 82 and 95 percent.   
   
Following the same reasons offered in the previous analysis, we decide calculate again the confidence 
interval using a non parametric bootstrap and the results are shown in Table 7.   
   
Table 7: Calculations of the confidence interval. 
 

 Observed (bias) Sesgo (arithmetic mean) 
Media 

SE 

p̂  0.8817 -0.0001613 0.8816 0.03373 
 
 2.5% 5% 95% 97.5% 
Empiric Percentiles 0.8065 0.828 0.9355 0.9355 
BCa 0.7957 0.7957 0.9247 0.9247 

 
The BCa 95% nonparametric confidence interval was ( )925.0,796.0%95 =CI . The difference between 
the parametric and non parametric intervals  are  now a bit bigger than when we use the entire sample, 
however, the level of total concordance is also very high when the estimation  is made  using 
bootstrap, between 80% and 93%.   
   
In previous discussions it was pointed out that 0p  doesn't consider the random concordance among 
the DETECT and the RIA. A form of adjusting for this possible random concordance is using the 
kappa statistics.  The new estimated value of kappa is 0.739ˆ =κ . Notice that now we have obtained a 
much bigger concordance between both procedures. Indeed, the concordance level has passed from 
moderated to substantial following the standard rules for the interpretation of Kappa. The z statistics 
used to evaluate the hypotheses 
  

0:0 =κH  versus  0:1 ≠κH  
 
was now also larger, z.value=10.2343, with lead to a p.value <1e-014. Therefore, the concordance 
observed in the study can not be explained by random non systematic factors. The asymptotic 95% 
confidence interval for the Kappa coefficient was ( )880.0,597.0%95 =kappaCI .  Therefore, the 
concordance level between both procedures is now between substantial and almost perfect, 
demonstrating again that the patients omitted played an influential role in the analysis.  The table 8 
illustrates the results obtained for the Kappa when bootstrap is applied:   



Table 8: Calculations of the confidence interval. 
 

 Observed Bias Mean SE 
κ̂  0.7388 -0.004264 0.7346 0.07407 
 
 2.5% 5% 95% 97.5% 
Empiric 
Percentiles 

0.584 0.6088 0.8522 0.8678 

BCa 0.5775 0.6059 0.8473 0.8626 
 
The 95% nonparametric confidence interval was now ( )863.0,578.0%95 =kappaCI .  Notice that here 
again the difference between the parametric and non parametric intervals is larger than in the previous 
analysis when the entire sample was considered. However, the concordance level is still very high, 
being now between moderate-substantial and almost perfect.   

4. Conclusions   
   
RIA didn't offer a conclusive diagnose in 17 patients. In these 17 patients the different tests that 
compose the procedure offered tuneless results. It is very difficult to study the concordance between 
RIA and the DETECT in that sub-population where the first one doesn't offer a conclusive diagnose.   
   
In the statistical analysis where all patients were included, the concordance between both procedures 
was between moderate and substantial. However, the analysis without considering these problematic 
patients showed a higher concordance, between moderate-substantial and almost perfect.   
   
Notice that even though both analyses differ in the magnitude of the agreement they find both of them 
hint on the presence of an agreement between both diagnostic procedures. We believe that the 
omission of these problematic patients in the statistical analysis offers a more realistic estimate of the 
DETECT efficiency. This doesn't constitute an arbitrary selection of a convenient sub-sample in order 
to obtain a better result. In fact, it may be scientifically questionable to compare the diagnostic 
classification of these two procedures in those cases in which RIA can not offer conclusive diagnoses. 
Nevertheless, the results of both analyses were reported and in both cases the level of concordance 
between both procedures was acceptable.    
   
The system DECTEC-PC met the evaluation requirements of the Cuban regulatory agency and is in 
the process to obtain its medical registration. Once this registration is given, the device will be 
introduced in the National System of Health nationwide. These will clearly bring some advantages for 
the public health system. For instance, DECTEC-PC is more economic, patients obtain the result of 
the test faster and it also allows calculating the EHL which facilitates a personalized treatment with 
131I.   
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