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ABSTRACT
Objective Assessing the cost-effectiveness of open or thoracoscopic thymectomy
compared to medical therapy in managing myasthenia gravis not associated with
thymoma.
Methods A Markov model was designed for evaluating three strategies’ costeffectiveness. Transition probabilities were taken from the pertinent literature; the
costs were estimated from official tariff manuals. Incremental cost-effectiveness
ratios were estimated and probabilistic and deterministic sensitivity analysis was
used for clinical variables, costs and the model´s assumptions.
Results Thoracoscopic thymectomy was the most effective and least costly
strategy and dominated the other two alternatives. The cost per life year gained
was Col $ 1 129 531 without discount and Col $ 805 179 with discount. Univariate
sensitivity analysis showed that the main variables affecting the results were the
effects’ discount rate, the cost of a myasthenic crisis and the probability of complete
remission. Thoracoscopy thymectomy was the most cost-effective strategy for
different thresholds of willingness to pay in probabilistic analysis.
Conclusions Thoracoscopic thymectomy is a cost-effective strategy in the
treatment of MG without thymoma.
Key Words: Myasthenia gravis, therapeutics, thymectomy, cost-benefit analysis,
Colombia (source: MeSH, NLM).
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RESUMEN
Objetivo Evaluar la costo efectividad de las timectomía abierta y toracoscópica
frente a la terapia médica en el manejo de miastenia gravis sin timoma.
Método Se construyó un modelo de Markov para evaluar la costo efectividad de las
3 estrategias. Las probabilidades de transición se obtuvieron de la literatura. Los
costos se estimaron a partir de las tarifas oficiales. Se calculó la costo-efectividad
incremental. Se realizaron análisis de sensibilidad probabilísticos y determinísticos
para las variables clínicas, los costos supuestos del modelo.
Resultados La timectomía toracoscópica es la estrategia más efectiva y menos
costosa, y domina a las otras dos alternativas. El costo por año de vida ganado
fue de $ 1 129 531 y $ 805 179 pesos colombianos, con y sin descuento. El
análisis de sensibilidad univariado mostró que las principales variables que afectan
los resultados son la tasa de descuento, el costo de una crisis miasténica y la
probabilidad de remisión completa. En el análisis de sensibilidad probabilístico,
la timectomía toracoscópica es la estrategia costo-efectiva para los diferentes
umbrales de disponibilidad a pagar.
Conclusiones La timectomía toracoscópica es una estrategia costo-efectiva en el
tratamiento de miastenia gravis sin timoma.
Palabras Clave: Miastenia Gravis, terapéutica, timectomía, análisis costobeneficio, Colombia (fuente: DeCS, BIREME).

M

yasthenia gravis (MG) is a neuromuscular transmission
autoimmune disorder which is usually mediated by specific
antibodies against the human nicotinic acetylcholine receptor (12). MG treatment includes cholinesterase inhibitors, corticosteroids, other
immuno-suppressants or surgery. Thymectomy is one of the most commonly
used treatments. However, a recent review found no conclusive benefit of
thymectomy in MG patients without thymoma and only recommended it
as an option for increasing the likelihood of remission or improvement (3).
Surgery effectiveness depends on complete excision of the thymus;
there are two types of thymectomy: open (sternotomy) and thoracoscopy,
the latter having been shown to have similar efficacy to the open operation
with fewer adverse effects and better cosmetic results (4).
Treatment involves differences in cost given by their effectiveness
in achieving complete disease remission, adverse events and hospital
stay. Given the uncertainty about the effectiveness and costs of different
MG management options, this study was aimed at evaluating the costeffectiveness of open or thoracoscopic thymectomy compared to medical
therapy in the management of MG without thymoma.
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METHODOLOGY
A Markov model was constructed in which the following strategies
were evaluated: medical treatment, open thymectomy and thoracoscopic
thymectomy. Effectiveness was measured in terms of life years gained
(LYG); a 3 % discount rate was applied to costs and effects.
Markov model
The model starts with patients in the “without complete remission” state
who are then treated with some of the strategies being evaluated; after
initial treatment, they can move annually to the following states: complete
remission, myasthenic crisis, death, or stay in the “without complete
remission” state (Figure 1).
Figure 1. Markov model of MG treatment

Arrows indicate possible transitions between different states. Complete
remission: patient was asymptomatic and without medication; myasthenic
crisis: respiratory failure due to general or upper-respiratory-muscles
paralysis requiring ventilatory support.
The following assumptions were made:
1) A start was made with a cohort of 22-year-old patients and simulations
ran until they were 76;

Chicaiza – Cost-effectiveness thymectomy

263

2) Myasthenic crisis only occurred in patients without complete remission;
3) After reaching complete remission, a patient did not return to “without
complete remission”; and
4) Adverse thymectomy events included in the model were: surgical
wound infection, mediastinitis, mediastinal haematoma and presence of
pericardial exudate.
Clinical data
A systematic review was made of the pertinent literature from which data
was extracted regarding the effectiveness and risk of management strategy
complications (5-19). Following Miller’s recommendations (20), the
probability of achieving complete remission, presenting myasthenic crisis
or dying from the disease or other causes was calculated; Table 1 shows the
data used in the model and sensitivity analysis ranges.
Cost data
Third payer perspective was used, including direct costs related to treatment,
hospitalisation cost (in a room or ICU) and complications’ management
(Table 2). Costs were calculated according to the official tariff rates manual
(SOAT). Monetary units were expressed in Colombian pesos (2008).
Analysis
The incremental cost effectiveness ratios (ICER) were estimated, efficiency
curves built and univariate sensitivity analysis conducted for model costs,
effects and assumptions. A probabilistic sensitivity analysis was made and
confidence regions and acceptability curves constructed.
RESULTS
Thoracoscopic thymectomy was the most effective and least costly of the
strategies and dominated the other two alternatives while medical treatment
strategy was the more expensive and least effective alternative. LYG for
thoracoscopic thymectomy with discount was 23.46 and 42.31 without it,
for a cost of Col $ 1,129,531 per LYG with no discount and Col $ 805,179
with discount (Table 3).
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Probabilistic†
Distribution
Parameters

LogNormal
μ = 2.3; σ = 0.6
LogNormal μ = 1.6; σ = 0.97
β
α=1.12; β=48.78
β
α=4.29;β=1,994.71
α=14,208.14;
0.020
0.010
0.040
β
β=696,199.02
α=14,208.14;
0.020
0.010
0.040
β
β=696,199.02
α=28,564.03;
Probability of mediastinitis during open thymectomy
0.012
0.006
0.024
β
β=2,370,815.01
* Ranges used in deterministic sensitivity analysis; † distributions used in probabilistic sensitivity analysis

Annual probability of myasthenic crisis during open
thymectomy
Annual probability of myasthenic crisis during
thoracoscopic thymectomy
Annual probability of myasthenic crisis during medical
treatment
Annual probability of complete remission during open
thymectomy
Annual probability of complete remission re
thoracoscopic thymectomy
Annual probability of complete remission during medical
treatment
Days of hospitalisation during open thymectomy
Days of hospitalisation during thoracoscopic thymectomy
Probability of death during myasthenic crisis
Probability of death during postoperative period
Probability of mediastinal haematoma or pericardial
exudate during open thymectomy
Probability of surgical wound infection during open
thymectomy
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Table 1. Data used in the economic analysis of MG treatment
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Base case

Probabilistic ¶
Distribution
Parameters
Open thymectomy*
$ 5,243 077
$
LogNormal
μ=15.31, σ=0.57
μ=14.76,
Thoracoscopic thymectomy*
$ 3,744 353 $ 783,176 $ 19,820,049
LogNormal
σ= 0.84
LL=$1 991 609,
Annual medical treatment †
$ 2,655 478 $ 1,991,609 $ 3,319,348
Uniform
UL=$3 319 348
Myasthenic crisis ‡
$ 10,360 733 $ 905,706 $ 149,833,397 LogNormal
μ=15.66, σ=0.99
LL=$137,037
Hospitalised in room
$ 182,716
$ 137,037 $
228,395
Uniform
UL=$228,395
LL=$616,949
Hospitalised in ICU
$ 822,599
$ 616,949 $ 1,028,248
Uniform
UL=$1,028,248
LL=$498,404
Plasmapheresis
$ 664,539
$ 498,404 $
830,674
Uniform
UL=$830,674
LL=$160,455
Pericardial exudate drainage
$ 213,940
$ 160,455 $
267,425
Uniform
UL=$267,425
LL=$435,740
Mediastinal haematoma drainage
$ 580,987
$ 435,740 $
726,234
Uniform
UL=$726,234
LL=$48,940
Surgical wound Infection
$
65,254
$
48,940 $
81,568
Uniform
UL=$81,568
lL=$21,366,276
Mediastinitis §
$ 28,488,369 $ 21,366,276 $ 35,610,461
Uniform
UL=$35,610,461
LL: lower limit; UL: upper limit; ICU: intensive care unit; * The cost of thymectomy includes the cost of hospitalization
(ICU floor); † Prednisolone 10mg days (57 to 74% of patients), pyridostimgine 223 mg day 2 to 3 mg / kg azathioprine or
cyclosporine 4 to 5 mg / kg day (10% to 14% of patients); ‡ The cost includes medical treatment and hospitalization days
in ICU; § The cost includes medical treatment and hospitalization days in ICU; | Rankings used in deterministic sensitivity
analysis; ¶ Distributions used in probabilistic sensitivity analysis

Item

Deterministic|
Range
991,849 $ 12,872,641

Table 2. Costs used in economic analysis of treatment of MG
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Cost
C/E

Thoracoscopic
$ 26,500,143
23.461
$ 1,129,531
thymectomy
Open
$ 33,497,210 $ 6,997,067
23.447
-0.014
$ 1,428,631
thymectomy
Medical
$ 43,679,772 $ 17,179,629
22.743
-0.719
$ 1,920,620
treatment
Results without discount
Thoracoscopic
$ 34,068,936
42.31
$ 805,179
thymectomy
Open
$ 44,891,415 $ 10,822,479
42.28
-0.03
$ 1,061,780
thymectomy
Medical
$ 67,815,860 $ 33,746,924
41.35
-0.96
$ 1,639,987
treatment
LYG: life year gained; C/E: cost-effectiveness ratio; ICER: incremental cost-effectiveness ratio

Strategy

Incremental
Cost

Results with discount (3%)
Incremental
Effectiveness
effectiveness
(LYG)
(LYG)
ICER

(dominated)

(dominated)

(dominated)

(dominated)

Table 3. Costs, life year gained, for cost-effectiveness and incremental costeffectiveness of management strategies MG without thymoma
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Univariate sensitivity analysis
Figure 2 gives the thoracoscopic thymectomy tornado diagram showing
that the main variables affecting the results were the effects’ discount rate,
the cost of a myasthenic crisis and the likelihood of complete remission.
Thoracoscopic thymectomy was no longer the most cost-effective strategy
if days of hospitalisation after the procedure were greater than 27 days, the
cost of surgery was greater than Col $ 7,800,000 or annual probability of
achieving complete remission was less than 5.5 %; open thymectomy was
the most cost-effective strategy for these cases.
Probabilistic sensitivity analysis
Figure 3 shows the confidence region regarding the level of effectiveness of
thoracoscopic compared to open thymectomy. Thoracoscopic thymectomy
was cost effective for 70.4 % of the 10,000 simulations. This corresponded
to the area under the diagonal representing willingness to pay per unit of
effectiveness ($ 7,600,000 per LYG). This threshold corresponded to the
Colombian 2008 per capita GDP.
Thoracoscopic thymectomy was cost effective for a wide range
of willingness to pay from zero to Col $ 24,000,000 per LYG on the
acceptability curve (not shown).
DISCUSSION
There have been no previous economic evaluations comparing these
techniques in the treatment of MG not associated with thymoma. Only
one study has been reported assessing the use of cyclosporin A compared
to a combination of corticosteroid and immunotherapy in MG patients
(21). As no consensus has been reached on the use of surgical techniques
in treating thymoma-associated MG, two surgical thymectomy techniques
were assessed and compared to the alternative drug used for treating
these patients.
The present analysis showed that the thoracoscopic thymectomy
strategy was cost-effective in treating MG without thymoma and
remained so up to surgery costs representing $ 7,800,000 per procedure;
thymectomy by sternotomy (open thymectomy) became cost-effective at
higher costs. This comparison included conventional medical treatment
costing $ 1,920,620 per LYG.
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Figure 2. Tornado diagram of a thoracoscopic thymectomy

1 Effects discount rate: 0 to 0.06; 2 Cost of myasthenic crisis: $905,705.99
to $ 149,833,397.4; 3 Probability of full remission thoracoscopic;
thymectomy: 0.041212566 to 0.164850265; 4 Costs discount rate: 0 to 0.06;
5 Annual medical treatment cost: $1,991,608.84 to 3,319,348.067; 6 Cost of
thoracoscopic thymectomy: $783,175.84 to $19,820,048.85; 7 Probability of
myasthenic crisis thoracoscopic thymectomy: 0.015394701 to 0.061578804;
8 Probability of death from myasthenic crisis: 0.011235955 to 0.04494382;
9 Probability of post-operation death: 0.001072961 to 0.004291845; 10
Plasmapheresis cost: $498,404.43 to $830,674.05; 11 Floor hospitalization
cost: $137,036.99 to $228,394.99; 12 ICU hospitalisation cost: $616,949.1 to
$1,028,248.5; 13 Hospitalization days for thoracoscopic thymectomy: 1 to 66
Figure 3. Confidence region regarding the level of
effectiveness: thoracoscopic cf open thymectomy
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A major limitation of this article is that the effectiveness data used
for each alternative was obtained from case series studies involving few
participants and not from randomized trials directly comparing assessment
strategies; thus, if the effectiveness of the therapies considered were
significantly different from those used here, then the results could change.
Higher quality studies should thus be carried out, particularly randomized
controlled trials, to gain more certainty as to the effectiveness of each
intervention. It should be noted that this analysis did not consider the
use of the latest techniques in performing thymectomy, such as extended
transcervical thymectomy (22-23) which has shown benefits in reducing
post-operation complications and post-surgery recovery time, but
apparently involves no differences re effectiveness (24) ♦
Acknowledgements: This study was financed by the Universidad Nacional
de Colombia within the framework of a project entitled, “Evaluating Teaching
Hospital Clinical Practice Guidelines.”
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