
 

APPENDIX 1: 

Initial population distribution over states 

An initial cohort is distributed over the different states by a decision tree (Appendix 

Figure 1). For the standard care cohort, this meant that State A: No RHD contains 97.2% of 

the population, State B: Undiagnosed Asymptomatic Borderline RHD contains 2.7% of the 

population and state C: Untreated Asymptomatic Definite RHD contains 0.1% of the 

population. All other states contain 0%. The distribution across the different states in the 

screening cohort was informed by the sensitivity of handheld screening [3, 34]. The screening 

procedure consists of 1. screening and 2. an evaluation of identified positive cases in the 

hospital (clinical evaluation and echocardiography) to confirm the screening diagnosis. This 

procedure was assumed to be 69% sensitive in the case of Asymptomatic Borderline RHD 

and 95% sensitive for Asymptomatic Definite RHD [3, 34]. This meant, that for the screened 

cohort, the distribution across the states was as follows: State A: No RHD 97.2%, state B: 

Undiagnosed Asymptomatic Borderline RHD contains 0.837% of the population, state C: 

Untreated Asymptomatic Definite RHD contains 0.005% of the population, state F: 

Diagnosed Borderline RHD contains 1.863% of the populations and state G: Treated 

Asymptomatic RHD contained 0.095% of the population. When a screening is implemented a 

proportion of the patients will be diagnosed with definite asymptomatic RHD and will 

receive treatment (clinical follow-up and prophylaxis with BPG when indicated). The 

difference between the cohort with intervention and the cohort with standard care can be 

found in the initial distribution of the first cycle. In the patient cohort that models the 

intervention screened borderline asymptomatic RHD, patients are placed in state F: 

Diagnosed Asymptomatic Borderline RHD, while in the standard care the unscreened 

children are placed in state B: Undiagnosed Asymptomatic Borderline RHD. Also, screened 



 

patients are initially placed in state G: Treated Asymptomatic Definite RHD instead of state 

C: Untreated Asymptomatic Definite RHD. 

Transition probabilities 

Most of the probabilities are derived from secondary data through analyzing studies. 

When necessary yearly transition probabilities were calculated by first calculating the rate per 

year with the following formula: 

r = - [ln (1-P)]/t 

And then recalculating the rate per year into a yearly probability with the following formula: 

P = 1- exp (-rt) 

where P is the probability, r is the rate and t is the time period of interest [35]. 

The subclinical (asymptomatic) disease states were based on the WHF criteria of 2012 

[12]. The clinical disease states were based on the various states described by the Australian 

RHD guidelines [13], based on the study Roberts et al. [8]. Assumptions were made for 

transition probabilities that could not be derived from studies. An overview of the studies 

used can be found in Appendix Table 1. The model itself consists of two main pathways, as 

shown in Figure 1. The green pathway represents the course of RHD of a patient when the 

patient is under treatment of the public health system, while the orange pathway shows the 

natural course of disease when the patient is not under treatment or clinical follow-up. 

The probability from state A: No RHD to state B: Undiagnosed Asymptomatic 

Borderline RHD is estimated by using the following formula [36]:  

 

Incidence rate = prevalence / average duration disease 

 



 

A couple of assumptions need to be made for the use of this formula. The first 

assumption is that the disease in the target population is in a steady state; prevalence remains 

stable over a longer period of time and the inflow and outflow of diseased are equal. While 

the study by Nascimento et al. shows this is not the case [3], the peak prevalence of the study 

(49 per 1.000 children for borderline cases and 9.3 per 1,000 for definite cases) was assumed 

to equal stable prevalence. The second assumption is that the average duration of disease for 

Asymptomatic Borderline RHD is estimated to be approximately 3.63 years, and the average 

duration of disease for asymptomatic definite RHD 10.72 years. This assumption is estimated 

by using the yearly probability of staying in state B: Undiagnosed Asymptomatic Borderline 

RHD and respectively state C: Asymptomatic Definite RHD and calculate at what time more 

than 99.5% of a hypothetical cohort stopped being affected by their respective affliction of 

RHD (disease could have either regressed to no RHD or progressed to worse health states, 

such as definite RHD). Then the average duration of disease time was calculated for 99.5% of 

this hypothetical cohort.  

For adults above 20 years old it was assumed that the probability of being healthy to 

getting Asymptomatic Definite RHD is halved. Furthermore, since it is by definition not 

possible for adults to have Asymptomatic Borderline RHD, the pathway to this state was cut 

for this group. Lastly, the proportion of the population with the age of 19 that was still in the 

Asymptomatic Borderline RHD was transferred to state A: No RHD in the Markov model.  

Almost all the transition probabilities for state B: Undiagnosed Asymptomatic 

Borderline RHD to various states were derived from primary survival data from a study 

conducted in Uganda by Beaton et al. [26] using the msSurv package for the statistical 

program R [37]. The disease course of asymptomatic borderline cases from this study are 



 

equal to the disease course of Asymptomatic Borderline cases in this model. The transition 

probabilities were calculated by first calculating the probability of transitioning to different 

states between the start of the study and the third year, and then transforming that probability 

to yearly probabilities. The transition probability from state B: Undiagnosed Asymptomatic 

Borderline RHD to state Z: Death was assumed to be equal to State A: No RHD to state Z: 

Death. The reason for this is that the data showed a lower mortality rate than the standard 

mortality rate for a healthy individual in this model, which was deemed unrealistic. To 

control for the variance of state B: Undiagnosed Borderline RHD a dirichlet distribution was 

used. This distribution was centered on the yearly probabilities calculated above. To calculate 

parameters for the probabilistic sensitivity analysis a population size of 162 was used, which 

is the sample size of borderline RHD patients in the study by Beaton et al. 

The study by Cannon et al. [25] was used to determine the transition probabilities 

from state C: Untreated Asymptomatic Definite RHD to state A: No RHD, state B: 

Undiagnosed Asymptomatic Borderline RHD, state C: Untreated Asymptomatic Definite 

RHD, state D: Untreated Mild Clinical RHD, state E: Untreated Severe RHD and state Z: 

Death. Cannon et al. use the Australian RHD guidelines [38] for their states. It was assumed 

that the Asymptomatic Definite RHD ceases identified in the study by Beaton et al. [26] were 

similar to the mild RHD cases identified in the paper by Cannon et al. [25]; in both cases one 

can speak of an asymptomatic, clinically trivial to mild valve disease, only with findings in 

auscultation. Under this assumption, it was possible to ‘connect’ both the databases as there is 

an overlap of Asymptomatic Definite RHD in both the Beaton et al. study [26] and the 

Cannon et al. study [25]. Yearly transition probabilities were calculated by using the formula 

mentioned at the start of the Appendix to estimate yearly rates based on 10-year transition 



 

probabilities, and then recalculate those rates to yearly transition probabilities. The transition 

probabilities for State D: Untreated Mild Clinical RHD are based on the moderate state in the 

study by Cannon et al. [25]. Transition probabilities for state E: Untreated Severe RHD were 

based on the severe state of the study [25]. However, given that the patients in the study by 

Cannon et al. [25] were under treatment, the transition probability from state E: Untreated 

Severe RHD to state X: Surgery was adjusted to mimic the natural discourse. This number 

was calculated based a study by Albuquerque et al. [39]. As an estimate, it was assumed that 

because of medication non-adherence, for every 70 patients an additional 30 patients need 

surgery, given that 30% of the heart failure decompensation could be attributed to medication 

non-adherence by the patients. 

The treated RHD track starts with state F: Diagnosed Asymptomatic Borderline RHD. 

This state represents the proportion of asymptomatic borderline RHD patients diagnosed by 

screening. The treatment of borderline RHD patients consists of a yearly cardiologic check-

up which consists of a cardiology consult and an echocardiogram. No BPG is administered in 

this group. It is assumed that everybody adheres to the yearly check-up. Because of this 

yearly check-up, it is assumed that any individual with a progression in RHD is automatically 

transferred to state G: Treated Asymptomatic Definite RHD because of early detection. This 

assumption is based on data by Beaton et al. [26], which shows that most progression 

happens between the first and second year. The transition probability between state F and 

stage G is assumed to be equal to the transition probability between state B: Undiagnosed 

Asymptomatic Borderline RHD and state C: Untreated Asymptomatic Definite RHD. From 

stage G: Treated Asymptomatic Definite RHD it is possible to transition to state H: Treated 



 

Mild Clinical RHD and state R: Resolved RHD. State H: Treated Mild Clinical RHD is 

linked to State X: Surgery and state I: Treated Severe Clinical RHD.  

From state G: Treated Asymptomatic Definite RHD and state H: Treated Mild 

Clinical RHD, to state H: Treated Mild Clinical RHD and state I: Treated Severe Clinical 

RHD the effect of every three-week intramuscular BPG injection as secondary prophylaxis is 

modeled. It is assumed that with full adherence progression in RHD is stopped between state 

G: Treated Asymptomatic Definite RHD and state H: Treated Mild Clinical RHD, and halved 

between state H: Treated Mild Clinical RHD and state I: Treated Severe RHD. This 

assumptions were made earlier in the study of Cannon et al. [25]. It was assumed that 

secondary prophylaxis did not have any further effects on disease progression and mortality. 

Transition probabilities from state C: Untreated Asymptomatic Definite RHD to state 

H: Treated Mild Clinical RHD and state D: Untreated Mild Clinical RHD, and transition 

probabilities from state D: Untreated Mild Clinical RHD to state I: Treated Severe Clinical 

RHD and state E: Untreated Severe Clinical RHD model the adherence to medication. A 

study by Pelajo et al. [40] shows that 65% of the children adhere to secondary prophylaxis in 

asymptomatic RHD, while a study by Mussi et al. [41] shows that in standard care 60% of the 

symptomatic participants adhered to their medication. In other words, 65% of the total 

transition from state C: Untreated Asymptomatic Definite RHD to Clinical RHD goes to state 

H: Treated Mild Clinical RHD and 60% of the total transition probability from state D: 

Untreated Mild Clinical RHD to severe RHD goes to state I: Treated Severe Clinical RHD. It 

was assumed that once patients adhered to a certain treatment that they would continue to 

adhere to further treatment if their diseased progressed. As an example, this means that all the 

patients for which the disease progresses in state H: Treated Mild Clinical RHD go to state I: 



 

Treated Severe Clinical RHD. This assumption was made because once the decision between 

adherence and non-adherence was made, people did not seem to change their minds as can be 

seen in the follow-up study by Mussi et al. [41]. 

State X: Surgery represents the proportion of the population in which RHD has 

developed to such an extent that surgery is needed. The yearly mortality risk of surgery (the 

risk of dying before, during and after the operation during one year) is derived from the study 

by Xavier et al. (Medium-term outcomes of 78,808 patients after heart valve surgery in a 

middle-income country: A nationwide population-based study). State X: Surgery is modelled 

in such a way that when a patient gets surgery, he can only stay for one year in this state. The 

reason for modelling a one-year transition state as opposed to an immediate surgery is the 

waiting times for surgery in the public health system in Brazil [42]. 

Transition probabilities from state K: Post Surgery to state Z: Death and state X: 

Surgery were derived from a study by Ribeiro et al. [43]. It was assumed that after surgery 

you stayed in a state that yielded high cost and disutility, because of medical consults, 

medicine and a not fully functioning heart. Patients in this state are also at risk of one or 

multiple resurgeries, which is reflected in the transition probability from state K: Post 

Surgery to state X: Surgery. 

All the transition probabilities from state F: Diagnosed Asymptomatic Borderline 

RHD (to state A: No RHD, to state G: Treated Mild Clinical RHD and state Z: Death) were 

assumed to be equal to those of state B: Undiagnosed Asymptomatic Borderline RHD, since 

the annual check-up itself does not influence the course of disease. However, because of the 

annual check-up, it was assumed that patients are diagnosed the moment that borderline RHD 

becomes definite RHD and thus stay in the healthcare system. In the model this means that 



 

patients who are diagnosed with definite RHD from state F: Diagnosed Asymptomatic 

Borderline RHD will go straight to state G: Treated Asymptomatic Definite RHD (Definite 

plus clinically trivial disease with mild valve involvement). 

External validation 

The model predicted a prevalence of Asymptomatic Definite RHD of 2.26 per 1,000 

for the age group 11 to 13.9 and a prevalence of Asymptomatic Definite RHD of 6.36 per 

1,000 for the age group of 14 to 17.9 in the target population. Observed prevalence [3) in 

these age groups were respectively 3.1 per 1,000 in the age group 11 to 13.9 and 9.3 per 

1,000 in the age group 14 and older. The predicted prevalence of Asymptomatic Borderline 

RHD in the age groups 11 to 13.9 and 14 to 17.9 were respectively 33.62 per 1,000 children 

and 45.63 per 1,000 children. Observed prevalence [3] for these age groups were respectively 

35 per 1,000 for the age group 11 to 13.9 and 49 per 1,000 for the age group 14 and older. 

Costs 

Costs for state R: Resolved RHD depend on from which state the specific patient 

comes from. Patients coming from state G: Treated Asymptomatic Definite (subclinical 

definite and clinically trivial RHD with mild valve involvement) RHD have different costs 

associated with them compared to state H: Treated Mild Clinical RHD. 

For the intervention, it is assumed that 75 images are made per day, which amounts to 

9.375 images per hour assuming an eight-hour workday. In these five years, it was assumed 

that the screening could be conducted for an 8.5-month period per year, when one takes into 

account the school holidays in Brazil and other national free days. It was assumed that in a 

week, the team could effectively screen for six hours per day for five days. By multiplying 

the total amount of work hours per year with the number of images made per hour (1,635 



 

work hours per year, 9.375 images per hour) a total of 15,236 scans were assumed to be made 

per year.  

In order to acquire this number of images, a team of two research nurses, an 

imagining technician, a biomedical technician and a physician (echo expert) are required. 

Assuming 4.35 weeks per month, the monthly salaries were divided by the number of hours 

worked (assuming a 40 hour work week) per week to calculate the salary cost per hour. This 

number was divided by the number of scans per hour to calculate the salary cost per scan. 

This cost was estimated to be $6.26.  

The equipment costs to support this number of images per day are two machines and a 

laptop, with a lifetime of five years and no resell value after those five years. The fixed costs 

per year were divided by the number of scans per year to calculate the fixed costs per scan, 

which is $0.34. Adding up the salary costs per scan and the fixed costs per scan, one scan 

costs a rounded total of $6.60.  

All of the cases with a positive handheld screening result will be referred to a 

cardiologist for further screening. There, they will get an echocardiogram and a cardiology 

consult. Cases diagnosed with definite RHD will receive penicillin. Due to the specificity of 

handheld screening (65%) [44], a proportion of the population will get a false-positive 

diagnosis. These cases will be evaluated as well, which results in extra costs. These costs, 

which are similar to cost of follow up for diagnosed borderline RHD are presented in 

Appendix Table 3 for false-positive and borderline RHD cases and Appendix Table 4 for 

definite RHD cases.  

The variance of the cost parameters is based on the variance of the cost of surgery. 

Given that surgery is relative complex compared to the other treatments, it can be expected 



 

that this variance is higher than the variance of the other treatments. This might result in an 

over-estimation of the uncertainty the costs of treatments other than surgery. 

Sensitivity analysis 

The sensitivity of the base-case treatment adherence (65%) for the treatment of 

asymptomatic definite RHD was tested by decreasing the adherence to 33% and increasing it 

to 100%. The sensitivity of treatment adherence of severe clinical RHD (base case 60%) was 

tested by decreasing the parameter to 30% and increasing it to 100%. A table of the base-case 

assumption and the sensitivity analysis around the base case can be found in Appendix Table 

8. It was assumed that there was no loss to follow-up after surgery.  

The full results of the one-way sensitivity analysis of the parameters can be found in 

Appendix Table 9. The results are ordered based on the magnitude of change; the parameters 

that showed the biggest change are at the top. An explanation about how the sensitivity 

analysis was conducted can be found in the methods section. 

Appendix Figure 1. 

 

 

 

 

 

 

 

 

 



 

Appendix Table 1. Transition probabilities 

Name: Trans. Prob. Source: 

Distribution used for 

probabilistic analysis: 

Distribution parameters (α 

for dirichlet): 

tpA2A 0.9839348  1-tpA2B+-tpA2C+-tpA2Z Dirichlet 5900 

tpA2B 0.0136975 Nascimento et al. 2016 [3] Dirichlet 82 

tpA2C 0.0008675 Nascimento et al. 2016 [3] Dirichlet 5 

tpA2Z 0.0015 Neves and Garcia 2015 [45] Dirichlet 9 

tpA2A, age 20+ 0.9984122 

1-tpA2b20+-tpA2C20+-

tpA2Z20+ 

Dirichlet 5986 

tpA2B, age 20+ 0 Borderline RHD is by definition 

non-existent in adults 

Dirichlet 0 

tpA2C, age 20+ 0.0000878 Assumed, ½ tpA2C Dirichlet 1 

tpA2Z 0.0015 Neves and Garcia 2015 [45] Dirichlet 9 

tpB2A 0.2485657 Primary data Beaton et al Dirichlet 40.27 

tpB2B 0.7255101 

1-tpB2A-tpB2C-tpB2D-tpB2H-

tpB2Z  

Dirichlet 116.15 

tpB2C 0.0159187 Primary data Beaton et al Dirichlet 2.58 

tpB2D 0.0029769 

Primary data Beaton et al, times 

1- adherence mild RHD 

Dirichlet 1.38 

tpB2H 0.0055285 

Primary data Beaton et al, times 

adherence mild RHD 

Dirichlet 1.38 

tpB2Z 0.0015 Neves and Garcia 2015 [45] Dirichlet 0.24 

tpC2R 0.005430818 

Cannon, Roberts, and Milne 

2017 [25] 

Dirichlet 1.81 



 

Name: Trans. Prob. Source: 

Distribution used for 

probabilistic analysis: 

Distribution parameters (α 

for dirichlet): 

tpC2B 

 

0.0542572 

Cannon, Roberts, and Milne 

2017 [25] 

Dirichlet 18.12 

tpC2C 

 

0.9070961 

 

 1-tpC2R-tpC2B-tpC2C-tpC2D-

tpC2E-tpC2H-tpC2I-tpC2X-

tpC2Z 

Dirichlet 296.29 

tpC2D 0.007003056 

Cannon, Roberts, and Milne 

2017 [25], times 1 –adherence 

mild RHD 

Dirichlet 6.68 

tpC2E 0.002594429 

Cannon, Roberts, and Milne 

2017 [25], times 1- adherence 

severe RHD 

Dirichlet 2.17 

tpC2H 0.013005676 

Cannon, Roberts, and Milne 

2017 [25], times adherence mild  

RHD 

Dirichlet 6.68 

tpC2I 0.003891644 

Cannon, Roberts, and Milne 

2017 [25], times adherence 

severe RHD 

Dirichlet 2.17 

tpC2X 0.005220971 

Cannon, Roberts, and Milne 

2017 [25] 

Dirichlet 1.74 

tpC2Z 0.0015 Neves and Garcia 2015 [45] Dirichlet 0.50 

tpD2R 0.003453169 

Cannon, Roberts, and Milne 

2017 [25] 

Dirichlet 0.56 

tpD2B 0.013812674 Assumed, tpD2R*4 Dirichlet 2.22 



 

Name: Trans. Prob. Source: 

Distribution used for 

probabilistic analysis: 

Distribution parameters (α 

for dirichlet): 

tpD2C 0.040700112 

Cannon, Roberts, and Milne 

2017 [25] 

Dirichlet 6.55 

tpD2D 0.908617282 

1-tpD2R-tpD2B-tpD2C-tpD2E-

tpD2I-tpD2X-tpD2Z 

Dirichlet 146.29 

tpD2E 0.008433976 

Cannon, Roberts, and Milne 

2017 [25], times 1- adherence 

severe RHD 

Dirichlet 2.26 

tpD2I 0.005622651 

Cannon, Roberts, and Milne 

2017 [25], times adherence 

severe RHD 

Dirichlet 2.26 

tpD2X 0.016933816 

Cannon, Roberts, and Milne 

2017 [25] 

Dirichlet 2.73 

tpD2Z 0.002426321 

Cannon, Roberts, and Milne 

2017 [25] 

Dirichlet 0.39 

tpE2R 0.000601626 

Cannon, Roberts, and Milne 

2017 [25] 

Dirichlet 0.06 

tpE2C 0.005746338 

Cannon, Roberts, and Milne 

2017 [25] 

Dirichlet 0.55 

tpE2D 0.0072308 

Cannon, Roberts, and Milne 

2017 [25] 

Dirichlet 0.69 

tpE2E 0,8390769 1-tpE2R-tpE2B-tpE2C-tpEE2D-

tpEE2X-tpE2Z 

Dirichlet 80.55 

 

 



 

Name: Trans. Prob. Source: 

Distribution used for 

probabilistic analysis: 

Distribution parameters (α 

for dirichlet): 

tpE2X 0.133966784 

Assumed, tpI2X plus extra 

patients due to inadherence [39]  

Dirichlet 12.86 

     

tpE2Z 0.013377209 

Cannon, Roberts, and Milne 

2017 [25] 

Dirichlet 1.28 

tpF2A 0,2485657 Equal to tpB2A   

tpF2F 0,7255101 1-tpF2A-tpF2G-tpF2Z   

tpF2G 0,0244242 Equal to tpB2C+tpB2D+tpB2H   

tpF2Z 0.0015 Equal to tpB2Z   

tpG2G 0,938811905 1-tpG2H-tpG2R-tpG2Z   

tpG2H 0 

tpC2H*effect secondary 

prophylaxis (100% reduction) 

  

tpG2R 0,059688095 Equal to tpC2R+tpC2B   

tpG2Z 0.0015 Equal to tpC2Z   

tpH2H 0.964812615 1-tpH2I-tpH2R-tpH2Z-tpH2X   

tpH2I 0.007028313 

Equal to tpD2E*effect 

secondary prophylaxis (50% 

reduction) 

  

tpH2R 0.017265843 Equal to tpD2R+tpD2B   

tpH2X 0.008466908 Equal to tpD2X   

tpH2Z 0.002426321 Equal to tpD2Z   

tpI2I 0.892110217 1-tpI2R-tpI2X-tpI2Z   



 

Name: Trans. Prob. Source: 

Distribution used for 

probabilistic analysis: 

Distribution parameters (α 

for dirichlet): 

tpI2R 0.000601626 Equal to tpE2R + tpE2B   

tpI2X 
0.093910947 

Equal to E2X without extra 

patients 

  

tpI2Z 0.013377209 Equal to E2Z   

tpR2R 0.9985 1-tpR2Z   

tpR2Z 0.0015 

Assumed, Neves and Garcia 

2015 [45] 

Beta α = 8.99, β = 5,987.01 

tpK2K 0.989465544 1-tpK2X-tpK2Z  244.40 

tpK2X 0.000283491 Ribeiro et al [43] Dirichlet 0.07 

tpK2Z 0.010250965 Ribeiro et al [43] Dirichlet 2.53 

tpX2K 0.788 1-tpX2Z   

tpX2Z 0.212 Preoperative mortality due to 

waiting times: 11.3%, assumed 

[42] 

Perioperative risk: 96.37% [46] 

one-year post-operative 

survival: 93.73% [46] 

 

Beta α = 8,978.62, β = 33,373.38 

     

Footnote: tp stands for the yearly transition probability to a different state. The capital letter stands for the state. 

2 means ´to´. The table should thus be read as follows: the transition probability from state A to Z is 0.0015 

(tpA2Z is 0.0015). 

 



 

Appendix Table 2. Cost of screening per hour 

Unit per team and equipment: Quantity: 

Cases screened per day (experience from PROVAR study) 75 

Cases screened per hour (Assumed 8 hour work day) 9.375 

Readings of screens per hour by Physician (echo expert) 12 

Assumed screens per year (no school in December, January 

and July, carnival and national holidays) 

10388 

Item: Cost per hour: 

Hourly Salaries 

2x research nurse R$40.92 

Imaging technician R$15.65 

Biomedical technician R$17.56 

Physician (echo expert) R$73.90 

Total salary cost per scan R$20.63 ($6.26) 

Equipment costs per year: 

Cost of 2 handheld screening machines  $16 000.00 

Cost laptop  $1500.00 

Yearly cost (5-year lifetime of equipment) 3 300.00 

Total fixed cost per scan (Yearly costs divided $0.34 



 

by yearly cases screened) 

Total cost per scan (salary plus fixed) $6.60 

 The source of the costs is primary data from the PROVAR project.  

 

Appendix Table 3. Cost of diagnosed borderline RHD 

Item: Cost: 

1x echocardiogram R$39.94 

1x cardiology consult R$45.23 

Total R$85.17 ($25.84) 

The source of the costs is primary data from the PROVAR project.  

 

Appendix Table 4. Cost of treatment of definite asymptomatic RHD (state G) 

Item: Cost: 

12x 21-day secondary prophylaxis penicillin  R$39.94 

1x GP consult R$74.88 

1x cardiology consult R$45.23 

1x echocardiogram R$39.94 

Total R$309.57 ($93.93) 

The source of the costs is primary data from the PROVAR project.  

 

 

 



 

Appendix Table 5. Cost of treatment of definite symptomatic RHD (state H) 

Item: Cost: 

12x 21-day secondary prophylaxis penicillin  R$39.94 

1x GP consult R$74.88 

1x cardiology consult R$45.23 

1x echocardiogram R$39.94 

Treatment cardiac impairment or Carditis R$666.91 

Total R$1,112.17 ($337.47) 

The source of the costs is primary data from the PROVAR project and DataSUS. Weighted average of 

expenditure on procedure codes 0303060115 and 0303060123 between 2014–2016 (end date 29/04/2016). 

 

 

 

 

 

 

 

 

 

 

 

 



 

Appendix Table 6. Cost of surgery (state X) 

Item: Cost: 

Treatment of aortic valve stenosis R$10,869.42 

Treatment of pulmonary valve stenosis. R$13,268.40 

Correction of tricuspid regurgitation R$16,491.46 

Ross procedure R$15,381.90 

Valvar prosthesis implant R$13,137.01 

Tricuspid valvuloplasty R$22,180.48 

Surgical valvuloplasty R$22,180.48 

Valvuloplasty, multiple valves R$15,172.21 

Weighted average R$13,579.78 ($4,120.51) 

The source of the costs is primary data from the DataSUS, based on disease codes presented in do Espírito Santo 

Freire et al. [33]. Timeframe of the data evaluation was between September 2014 and December 2016. 

 

 

 

 

 

 

 

 

 



 

Appendix Table 7. DALY weights for different health states 

State: DALY weight: 95% UI: GBD 2016 Sequelae[18]:  

Stata A: No RHD 0.000 - -  

State B: Undiagnosed Asymptomatic Borderline 

RHD 

0.000 - -  

State C: Untreated Asymptomatic RHD 0.041 0.026 – 0.062 Asymptomatic and mild heart failure 

due to rheumatic heart disease 

 

State D: Untreated Mild Clinical RHD 0.049 0.031 – 0.072 Rheumatic heart disease, without 

heart failure 

 

State E: Untreated Severe Clinical RHD 0.179 0.122 – 0.251 Severe heart failure due to rheumatic 

heart disease 

 

State F: Diagnosed Asymptomatic Borderline RHD 0.012 0.006 – 0.023 Generic uncomplicated disease: 

anxiety about diagnosis 

 

State G: Treated Asymptomatic RHD 0.041 0.026 – 0.062 Asymptomatic and mild heart failure 

due to rheumatic heart disease 

 

Stage H: Treated Mild Clinical RHD 0.049 0.031 – 0.072 Rheumatic heart disease, without 

heart failure 

 

State I: Treated Severe Clinical RHD 0.179 0.122 – 0.251 Severe heart failure due to rheumatic 

heart disease 

 

State R: Resolved RHD 0.012 0.006 – 0.023 Generic uncomplicated disease: 

anxiety about diagnosis 

 

State DALY weight 95% UI GBD 2016 Sequela [18]  

State K: Post Surgery 0.072 0.047 – 0.103 Moderate heart failure due to 

rheumatic heart disease 

 



 

Abbreviations: CI: confidence interval; RHD: Rheumatic Heart Disease. Obs.: Asymptomatic RHD refers to 

asymptomatic definite RHD plus mild valve involvement with clinically trivial significance. 

 

Appendix table 8. Medication adherence base case and sensitivity analysis.  

Treatment adherence Base adherence Low adherence High adherence 

Mild clinical RHD 65% 33% 100% 

Severe Clinical RHD 60% 30% 100% 

Abbreviations: RHD: Rheumatic Heart Disease. 

 

 

 

 

 

 

 

 

 

 

 

 

 

State X: Surgery 0.179 0.122 – 0.251 Severe heart failure due to rheumatic 

heart disease 

 

State Z: Death 1 - -  



 

Appendix Table 9. Results of the one-way sensitivity analysis 

Parameter Name:  Low:   High:   Difference:  

Discount rate $2,626.98 $27,877.47 $25,250.49 

tpC2Z $15,904.93 $4,290.27 $11,614.66 

tpC2X $16,234.28 $5,443.53 $10,790.74 

Disutility state F $8,211.98 $17,876.42 $9,664.44 

tpB2C $15,239.64 $6,534.24 $8,705.40 

tpB2H $16,962.67 $8,735.00 $8,227.66 

tpD2Z $13,140.10 $5,192.65 $7,947.45 

Cost of state X $10,198.62 $3,377.55 $6,821.07 

Disutility state G $8,301.28 $14,740.09 $6,438.80 

tpK2Z $13,694.63 $7,310.66 $6,383.97 

tpJ2Z $8,468.26 $13,909.09 $5,440.83 

Cost of screening $9,659.82 $14,449.76 $4,789.95 

tpD2X $12,315.76 $7,578.14 $4,737.62 

tpC2I $13,538.32 $9,232.36 $4,305.96 

Effect prophylaxis on 

Asymptomatic Definite RHD 

$8,977.69 $12,986.35 $4,008.67 

Cost of state K $10,245.79 $6,302.30 $3,943.49 

tpB2D $13,291.55 $9,357.01 $3,934.54 

Disutility state C $12,033.56 $8,322.96 $3,710.60 

Cost of state F $9,645.84 $6,177.25 $3,468.59 

tpA2Z $11,746.46 $8,560.16 $3,186.30 

tpC2B $8,751.12 $11,924.39 $3,173.27 

Sensitivity screening 

Asymptomatic Borderline RHD 

 

$11,914.09 $9,344.36 $2,569.73 



 

Parameter Name   Low   High   Difference  

Effect prophylaxis on Mild 

Clinical RHD  

$11,652.47 $9,089.97 $2,562.50 

tpD2B $9,300.98 $11,811.43 $2,510.45 

tpC2E $12,006.28 $9,574.90 $2,431.39 

Disutility state R $9,451.06 $11,735.88 $2,284.81 

tpC2H $11,298.19 $9,613.74 $1,684.45 

tpB2Z $10,426.89 $8,787.34 $1,639.55 

tpB2A $9,383.49 $10,953.44 $1,569.95 

Cost of state H $10,216.17 $8,927.77 $1,288.39 

tpD2I $11,100.34 $9,814.04 $1,286.30 

Cost of state I $10,178.10 $8,975.04 $1,203.06 

tpD2A $9,898.84 $11,099.02 $1,200.18 

tpE2Z $10,555.68 $9,432.43 $1,123.25 

Disutility state H $10,665.75 $9,556.08 $1,109.67 

tpC2A $9,803.85 $10,883.32 $1,079.46 

Sensitivity screening 

Asymptomatic Definite RHD 

$10,924.53 $9,914.51 $1,010.02 

tpD2C $9,695.95 $10,672.40 $976.45 

tpC2D $10,755.42 $9,848.94 $906.49 

Disutility state K $10,552.10 $9,688.74 $863.36 

tpD2E $10,723.51 $9,938.52 $784.98 

Disutility state D $10,425.94 $9,814.53 $611.40 

Disutility state I $10,425.84 $9,818.34 $607.50 

Adherence Severe Clinical RHD 

treatment 

$10,317.01 $9,926.07 $390.94 

tpE2X $10,354.68 $10,025.30 $329.38 



 

Parameter Name   Low   High   Difference  

Cost of state R, coming from 

state H 

$10,163.76 $9,871.57 $292.18 

Cost of state G $10,044.54 $10,334.89 $290.36 

tpE2C $10,088.46 $10,356.95 $268.49 

tpE2A $10,125.28 $10,381.95 $256.67 

Cost of state R, coming from 

state G 

$10,057.99 $10,310.72 $252.73 

tpE2D $10,086.15 $10,335.64 $249.49 

tpX2Z $10,272.46 $10,026.63 $245.83 

Disutility state E $10,251.10 $10,021.55 $229.56 

Disutility state X $10,243.90 $10,030.25 $213.65 

tpK2X $10,165.32 $9,987.01 $178.31 

Adherence Mild Clinical RHD 

treatment 

$10,125.14 $10,175.91 $50.77 

tpA2C, 20+ years old $10,152.38 $10,137.68 $14.70 

Cost of state R, coming from 

state I 

$10,148.59 $10,140.37 $8.22 

tpA2C $10,151.05 $10,144.29 $6.76 

Incidence rate adult RHD $10,150.44 $10,144.28 $6.17 

tpA2Z $10,146.79 $10,150.59 $3.80 

tpA2B $10,148.82 $10,147.90 $0.92 

Abbreviations: RHD: Rheumatic Heart Disease. 
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