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Declaración de conflictos de interés

• Ningún liga con industria farmacéutica 

• He recibido o recibo apoyo económico de: 

‣ La organización mundial de la alergia 

‣ la universidad de McMaster 

‣ Cochrane 

‣ CONACYT



Agenda
• Veremos 

‣ Qué son y cómo nacieron los ensayos clínicos 

‣ Por qué son necesarios 

‣ Cuáles son los distintos diseños de ECA y los sesgos que 
podemos encontrar 

‣ Cuáles son las fases de ensayos clínicos para la aprobación de una 
nueva droga 
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Ronald Aylmer Fisher 
• 1926 

• Sugiere que la aleatorización en estudios 
clínicos es confiable ya que logra que los 
participantes en cada grupo de estudio 
sean equiparables en todas sus 
características



Sir Arthur Bradford-Hill
• 1948 

• Primer ensayo clínico aleatorio convencional



¿Por qué aleatorio?



café e infartos

CAFÉ
INFARTO AL 
MIOCARDIO

¿causa efecto?
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Hábitos reportados 
de tomar café

Diagnóstico de IAM 
en expedientes

ASOCIACIÓN

CAUSA/EFECTO

?

causa efecto

predictor desenlace



¿es causa -> efecto? 
barreras a vencer primero:
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“la	exitosa	distribución	

aleatoria	de	un	suficiente	

número	de	individuos	debe	

resultar	en	grupos	de	

intervenciones	y	comparación	

que	tendrán	distribución	

similar	en	factores	

pronósticos,	tanto	observables	

como	no	observables”

Sterne 2014
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oculta la secuencia aleatoria



Sir Arthur Bradford-Hill
• De hecho, la razón principal de Bradford-Hill de 

aleatorizar era para ocultar la secuencia aleatoria
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tory effect on motilin receptor–mediated acid secretion.34

Animal data indicate that a gastric pH of less than 2.4
increases the risk for lung damage.14,44 Also, when gastric
fluid is buffered effectively, higher volumes of aspirates are
tolerated.15,45 We may assume that in patients undergoing
surgery, erythromycin will decrease the likelihood of signifi-
cant lung tissue damage should bronchoaspiration occur,
despite the premedication.

Through its prokinetic properties, erythromycin more ef-
fectively clears liquids than solids from stomachs.28,29 This
property may explain why the clearing effect of erythromy-
cin appeared to be particularly strong in the nontrauma popu-

lation. In these patients, the delay from the last oral intake to
induction of anesthesia was longer compared with that in the
trauma population because the former group sometimes
waited long periods with no oral intake until a diagnosis was
confirmed and they were finally scheduled for surgery. In pa-
tients undergoing emergency surgery, liquid may accumu-
late in the stomach during fasting.

Our study has strengths and weaknesses. One strength of
our study is the randomization, which ensures a balanced dis-
tribution of potential known and unknown confounding fac-
tors and may explain why we found only 2 variables (body
weight and delay from the last oral intake to endoscopy) in-
fluencing the crude OR by more than 10%. Future studies may
identify other factors associated with gastric content that may
act as confounders, despite the randomization (eg, volume of
the last meal, presence of gastroparesis). Another strength was
the use of endoscopy to evaluate gastric content. Estimation
of the volume of gastric content with aspiration through na-
sogastric tubes underestimates the volume of residual gastric
liquid.46,47 Also, endoscopy allows for visual inspection of the
gastric cavity and evaluation of solids.

Our study has several weaknesses. First, we did not in-
clude patients with mechanical ileus or patients needing im-
mediate emergency surgery. Most patients in the nontrauma
population had acute appendicitis or cholecystitis. Because ap-
pendectomy is the most common emergency general surgical
procedure,48 we may assume that our nontrauma cohort rep-
resented daily clinical practice in an emergency center and that
our results are likely to be representative of this population.
However, trauma patients had a low median Injury Severity
Score, indicating mostly minor trauma. Second, we tested a
single erythromycin regimen only. An erythromycin lactobion-
ate dose of 1.5 mg/kg enhanced fasting gastric tone, but a dose
of 3.0 mg/kg, as in our trial, reduced the duration of meal-
induced relaxation.22,49,50 In a dose-finding study, 3.0 mg/kg was
the most effective regimen to enhance gastric emptying in
healthy individuals with a reasonable adverse effect profile. In
patients undergoing surgery, no dose-finding study has been
performed so far. Whether higher doses would further in-
crease efficacy or whether smaller doses, which may have a bet-
ter adverse effect profile, are still efficacious remains un-
known. Third, perhaps erythromycin should be given earlier.

Table 1. Demographics and Baseline Characteristics
of All Randomized Patients

Characteristic

Treatment Groupa

Erythromycin
Lactobionate
(n = 66)

Placebo
(n = 66)

Age, y 40.5 (31-58) 45.0 (29-55)

Female sex, No. (%) 22 (33) 21 (32)

Body measurements

Weight, kg 74.5 (65-80) 78.0 (70-85)

Height, cm 172.5 (164-180) 172.5 (169-180)

BMI 24.3 (22.0-27.7) 25.0 (23.1-27.7)

Time since last solid meal, h 13.8 (8.0-20.7) 16.0 (7.0-24.5)

Time since last liquid intake, h 8.5 (6.3-16.1) 8.8 (6.0-18.3)

Pain score on visual analog scaleb,c 40 (10-50) 25 (10-50)

Patients with diabetes mellitus,
No. (%)

2 (3) 3 (5)

Blood glucose level, mg/dLb 102.7 (92-115) 104.5 (92-117)

Received opiate preoperatively,
No. (%)

34 (52) 35 (53)

Received antacid preoperatively,
No. (%)

16 (24) 20 (30)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); IQR, interquartile range.
SI conversion factor: To convert glucose to millimoles per liter, multiply by
0.0555.
a Unless otherwise indicated, data are expressed as median (interquartile

range).
b Measured at arrival in the operating room.
c Ranges from 0 to 100. Higher scores indicate greater pain intensity.

Figure 2. Risk Ratio (RR) for the Primary Outcome

Favors
Placebo

Favors
Erythromycin

0.1 101
RR (95% CI)

No. (%) of Patients

Placebo
Erythromycin
LactobionatePatient Group

All (N = 132)
RR (95% CI) P Valuea

42 (64)
24 (36)

17 (52)
10 (30)

25 (76)
14 (42)

53 (80)
40 (61)

21 (64)
15 (46)

32 (97)
25 (76)

Clear stomach, definition 1 1.26 (1.01-1.57) .052
.009

.46

.31

.03

.01

1.67 (1.15-2.42)

1.23 (0.81-1.88)
1.50 (0.79-2.84)

1.28 (1.05-1.57)
1.79 (1.15-2.78)

Clear stomach, definition 2
Trauma (n = 66)

Clear stomach, definition 1
Clear stomach, definition 2

Clear stomach, definition 1
Clear stomach, definition 2

Nontrauma (n = 66) Definition 1 for clear stomach
indicates less than 40 mL of liquid
content and no solid content;
definition 2, no liquid or solid
content.
a Calculated as a 2-sided Fisher

exact test.
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preguntas a hacerse
• ¿Fue aleatorio? 

• ¿Fue la distribución aleatoria oculta al investigador? 

• ¿Fueron todos los sujetos analizados correctamente? 

• ¿Fue enmascarado/cegado para pacientes, personal, clínicos? 

• ¿Fueron los grupos similares durante todo el estudio? 

• ¿El desenlace evaluado era el originalmente propuesto? ¿Cambiaron el 
desenlace o lo tergiversaron? 

• ¿Terminó el estudio de forma temprana?



otros diseños de ECAs



ensayo clínico de no inferioridad



Definición
• Es un estudio que compara un tratamiento nuevo contra un 

tratamiento activo con el objetivo de demostrar que el 
tratamiento nuevo no es clínicamente peor (para un desenlace 
clínico determinado) 

• Se asume que el tratamiento activo a usar ha demostrado ya 
tener efecto clínico significativo contra placebo



Usos
• Demostrar que un tratamiento nuevo es mejor que un 

placebo, pero donde el uso del placebo en dicho estudio no 
sería ético conducir 

• Cuando el nuevo tratamiento puede ofrecer ventajas sobre 
otros tratamientos estándar actuales en términos de mejorar la 
seguridad, conveniencia, costo, cumplimento/adherencia, etc.
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resultado AB 8%
Cx 2%
Diferencia = 6%
a favor de cx
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Umbral de inferioridad

10%

Favorece a antibiótico Favorece a cirugía

Diferencia de eventos 
% 

peritonitis a los 30 días

AB es  
NO-inferior

AB es  
inferior

No inferior 
aunque estadísticamente no hay 
diferencia, concluimos que el AB 

no es inferior a la cx ya que no 
llegó a la mínima diferencia del 

10% (umbral)



050 25 25 50

Umbral de inferioridad

10%

Favorece a antibiótico Favorece a cirugía

Diferencia de eventos 
% 

peritonitis a los 30 días

AB es  
NO-inferior

AB es  
inferior

¿No inferior? 
aunque matemáticamente, si 

fuese un estudio de 
superioridad, la cirugía le gana 
a AB (con todo y el IC95%), este 
es un estudio de no inferioridad 
y tenemos que concluir que AB 

no es inferior a cx, ya que el 
IC95% no llegó a la mínima 
diferencia del 10% (umbral). 

Este caso es extremadamente 
raro de hallar



050 25 25 50

Umbral de inferioridad

10%

Favorece a antibiótico Favorece a cirugía

Diferencia de eventos 
% 

peritonitis a los 30 días

AB es  
NO-inferior

AB es  
inferior

No concluyente 
cualquier estimado 

aquí es incierto porque 
el IC95% es muy 

grande



050 25 25 50

Umbral de inferioridad

10%

Favorece a antibiótico Favorece a cirugía

Diferencia de eventos 
% 

peritonitis a los 30 días

AB es  
NO-inferior

AB es  
inferior

No concluyente 
cualquier estimado 

aquí es incierto porque 
el IC95%, aunque no es 
muy grande, abarca el 
umbral de inferioridad 
y la hipótesis nula de 
no-diferencia (la línea 

vertical de la T 
invertida)



050 25 25 50

Umbral de inferioridad

10%

Favorece a antibiótico Favorece a cirugía

Diferencia de eventos 
% 

peritonitis a los 30 días

AB es  
NO-inferior

AB es  
inferior

¿No concluyente? 
aunque la CX es mejor 

que el AB porque el 
resultado y el IC95% está 

por completo a la derecha 
del cero no podemos, aún 

así, concluir si el AB es 
inferior o no, ya que el 

IC95% abarca el umbral 
de inferioridad



050 25 25 50

Umbral de inferioridad

10%

Favorece a antibiótico Favorece a cirugía

Diferencia de eventos 
% 

peritonitis a los 30 días

AB es  
NO-inferior

AB es  
inferior

INFERIOR 
Al fin podemos rechazar 
la hipótesis nula de que 
el AB es no-inferior a la 

CX, porque el resultado y 
el IC95% está por 

completo a la derecha 
del cero y a la derecha 

del umbral de 
inferioridad



050 25 25 50

Umbral de inferioridad

10%

Favorece a antibiótico Favorece a cirugía

Diferencia de eventos 
% 

peritonitis a los 30 días

AB es  
NO-inferior

AB es  
inferior

NUESTRO EJEMPLO: 
Diferencia de 6% 

(IC 95% de 0.3 a 12)
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the ones where showing equivalence between treatments is truly of 
interest. When determining the effects of experimental treatments 
on clinical end points, it would not be sensible to investigate whether 
their effects are no worse than, as well as no better than, those of the 
control. Although noninferiority and equivalence trials have often 
been both referred to as “equivalence trials,” they are distinct. If the 
intent of a study is to demonstrate that an experimental treatment 
is not substantially worse than a control treatment, the study is 
known as a noninferiority trial. However, there are some complicated 
issues with trials of this type that make them less reliable than 
typical superiority trials6-9). Some guidelines have been provided by 
regulatory bodies10-12), and the CONSORT (Consolidated Standards 
of Reporting Trials) Group has also published an extension of their 
guidelines for such trials13).

Demonstrating treatment effect

When trying to demonstrate that a new treatment is better than 
a placebo or active control, we statistically analyze the trial data 
to determine whether the result provides sufficient evidence to 
reject the null hypothesis, i.e., that the 2 treatments have the same 
effect. For example, if in a randomized controlled trial a reduction 
in blood pressure of 15 mmHg is observed for a newly developed 
antihypertensive drug, while an active control induces a reduction 
of only 5 mmHg reduction, it would be incorrect to conclude that 
the new drug is more efficacious based on the observed difference 
of 10 mmHg because such a difference could be due to chance of 
sampling. Instead, we calculate a confidence interval (CI) around the 
observed difference, which allows a degree of uncertainty associated 
with the observed value of 10 mmHg, and it is within this CI that the 
true difference will likely lie. For example, if a 95% CI is calculated 
(3, 17), this means that when samples are repeatedly drawn and 
treatment differences are estimated, 95% of the estimated differences 
would be expected to be a value between 3 and 17, and one of those 
could be the true difference. Some values may also fall outside the 
CI and although these could also be the true value, this likelihood 
is very small. Therefore, in this example, we conclude that the true 
difference is very unlikely to be 0, and there is sufficient evidence to 
conclude that the new treatment is superior to the control when the P 
value is <0.05 (Fig. 1). Note, that if due to a small sample size the CI is 
very wide, then the study is not likely able to demonstrate superiority. 
Thus, concluding equivalence or noninferiority on the basis of a 
nonsignificant test of the null hypothesis, i.e., no difference between 
the experimental treatment and the active control is inappropriate.

Why noninferiority trials? 

Noninferiority trials may be performed to demonstrate that a 
new treatment is better than an assumed placebo in situations where 
conducting a placebo control trial is unethical. They may also be 
used when the new treatment may offer important advantages over 
currently available standard treatments, in terms of improved safety, 
convenience, better compliance, or cost. In addition, clinical trials are 
increasingly required to demonstrate benefits in clinical endpoints 
rather than surrogate endpoints, even though the incremental benefits 
from new treatments is diminishing, which is also an important 
factor in determining sample size. Such practical considerations 
are also driving a trend towards designing clinical trials that aim to 
demonstrate experimental treatments have similar effects to active 
controls of a proven efficacy rather than a superior effect. However, 
testing for noninferiority makes trial design and interpretation of 
results less straightforward than typical superiority trials.

Analysis of noninferiority trials

A naïve approach to analyzing experimental data from active 
control trials is to compare new and control treatments in the 
standard way and, if no difference is detected, to declare the 
treatments equivalent. However, a problem with this approach 
is that if the sample size is too small, so that the CI is too wide, 
equivalence could be inappropriately concluded. Thus, if the aim 
is to assess true “equivalence,” then the null hypothesis should be 
that the treatments differ, and whether there is sufficient evidence 
to declare their equivalence and reject the null hypothesis should 
be investigated. Since it is practically impossible for 2 treatments to 
have exactly equivalent effects, “equivalence” in terms of clinical 
evaluation means that the effects of 2 treatments differ by no more 
than a tolerable amount, known as the equivalence margin. In an 
equivalence trial, if the effects of the 2 treatments differ by more than 

Fig. 1. Testing superiority, equivalence/noninferiority. Δ: margin for 
equivalence/noninferiority.

95% Confidence interval Noninferiority noninferiority

Noninferiority demonstrated
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control. Although noninferiority and equivalence trials have often 
been both referred to as “equivalence trials,” they are distinct. If the 
intent of a study is to demonstrate that an experimental treatment 
is not substantially worse than a control treatment, the study is 
known as a noninferiority trial. However, there are some complicated 
issues with trials of this type that make them less reliable than 
typical superiority trials6-9). Some guidelines have been provided by 
regulatory bodies10-12), and the CONSORT (Consolidated Standards 
of Reporting Trials) Group has also published an extension of their 
guidelines for such trials13).

Demonstrating treatment effect

When trying to demonstrate that a new treatment is better than 
a placebo or active control, we statistically analyze the trial data 
to determine whether the result provides sufficient evidence to 
reject the null hypothesis, i.e., that the 2 treatments have the same 
effect. For example, if in a randomized controlled trial a reduction 
in blood pressure of 15 mmHg is observed for a newly developed 
antihypertensive drug, while an active control induces a reduction 
of only 5 mmHg reduction, it would be incorrect to conclude that 
the new drug is more efficacious based on the observed difference 
of 10 mmHg because such a difference could be due to chance of 
sampling. Instead, we calculate a confidence interval (CI) around the 
observed difference, which allows a degree of uncertainty associated 
with the observed value of 10 mmHg, and it is within this CI that the 
true difference will likely lie. For example, if a 95% CI is calculated 
(3, 17), this means that when samples are repeatedly drawn and 
treatment differences are estimated, 95% of the estimated differences 
would be expected to be a value between 3 and 17, and one of those 
could be the true difference. Some values may also fall outside the 
CI and although these could also be the true value, this likelihood 
is very small. Therefore, in this example, we conclude that the true 
difference is very unlikely to be 0, and there is sufficient evidence to 
conclude that the new treatment is superior to the control when the P 
value is <0.05 (Fig. 1). Note, that if due to a small sample size the CI is 
very wide, then the study is not likely able to demonstrate superiority. 
Thus, concluding equivalence or noninferiority on the basis of a 
nonsignificant test of the null hypothesis, i.e., no difference between 
the experimental treatment and the active control is inappropriate.

Why noninferiority trials? 

Noninferiority trials may be performed to demonstrate that a 
new treatment is better than an assumed placebo in situations where 
conducting a placebo control trial is unethical. They may also be 
used when the new treatment may offer important advantages over 
currently available standard treatments, in terms of improved safety, 
convenience, better compliance, or cost. In addition, clinical trials are 
increasingly required to demonstrate benefits in clinical endpoints 
rather than surrogate endpoints, even though the incremental benefits 
from new treatments is diminishing, which is also an important 
factor in determining sample size. Such practical considerations 
are also driving a trend towards designing clinical trials that aim to 
demonstrate experimental treatments have similar effects to active 
controls of a proven efficacy rather than a superior effect. However, 
testing for noninferiority makes trial design and interpretation of 
results less straightforward than typical superiority trials.

Analysis of noninferiority trials

A naïve approach to analyzing experimental data from active 
control trials is to compare new and control treatments in the 
standard way and, if no difference is detected, to declare the 
treatments equivalent. However, a problem with this approach 
is that if the sample size is too small, so that the CI is too wide, 
equivalence could be inappropriately concluded. Thus, if the aim 
is to assess true “equivalence,” then the null hypothesis should be 
that the treatments differ, and whether there is sufficient evidence 
to declare their equivalence and reject the null hypothesis should 
be investigated. Since it is practically impossible for 2 treatments to 
have exactly equivalent effects, “equivalence” in terms of clinical 
evaluation means that the effects of 2 treatments differ by no more 
than a tolerable amount, known as the equivalence margin. In an 
equivalence trial, if the effects of the 2 treatments differ by more than 
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Noninferiority demonstrated



diferencias principales

• tamaño de muestra se calcula diferente 

• el análisis es diferente (como ya vimos) 

• la hipótesis nula y alterna están invertidas 

• análisis por protocolo es adecuado en estos estudios



-cluster randomized trials- 
ensayo clínico aleatorio en racimos



albendazol

placebo

ensayo clínico 
aleatorio en 

racimos



albendazol

placebo

ensayo clínico 
aleatorio en 

racimos



albendazol

placebo8 racimos



albendazol

placebo8 racimos



diseño factorial



Diseño factorial
• Múltiples tratamientos son evaluados al mismo tiempo 

• Son estudios de “mata dos pájaros de un mismo tiro” 

• Requieren menos tamaño de muestra 

• Son más baratos 

• Se debe verificar siempre por alguna “interacción” (modificación del efecto)



Alb+Plcb

Plcb+Plcb

Alb+CS

Plcb+CSPLACEBO

ALBENDAZOL

CORTICO-
ESTOROIDES PLACEBO

Diseño 2x2

niños con neuro-
cisticercosis



niños con neuro-
cisticercosis

Albendazol

Esteroide

Placebo

Esteroide

Placebo

Alb+Plcb

Plcb+Plcb

Alb+CS

Plcb+CS

Placebo



niños con neuro-
cisticercosis

Albendazol

Esteroide

Placebo

Esteroide

Placebo

Alb+Plcb

Plcb+Plcb

Alb+CS

Plcb+CS

Placebo

interacción ??



diseño cruzado



ADULTOS CON 
RINITIS 

ALÉRGICA

FLUTICASONA

PLACEBO

desenlace PLACEBO desenlace

FLUTICASONA desenlacedesenlace

“washout”



ADULTOS CON 
RINITIS 

ALÉRGICA

FLUTICASONA

PLACEBO

desenlace PLACEBO desenlace

FLUTICASONA desenlacedesenlace

“washout”



-within group design (time series design)- 
Series interrumpidas



ADULTOS CON RINITIS 
ALÉRGICA

Gluten free Medición 
síntomas

Nada / Placebo Medición 
síntomas

Medición 
basal 

síntomas

REPEAT



PACIENTE CON ENFERMEDAD 
METABÓLICA HEREDITARIA 

(MUY RARA)

DIETA especial Medición 
síntomas

Nada / Placebo Medición 
síntomas

Medición 
basal 

síntomas

REPEAT

N-of-1 trial



fases para aprobación de una 
nueva droga



FASE I

FASE II

FASE III

FASE IV

Estudios de experimentos en animales, 
tejidos, cultivos de células humanas, etc.

PRE-CLÍNICA



FASE I

FASE II

FASE III

FASE IV

Estudios no controlados, no cegados en 
algunos voluntarios para probar la seguridad 
del nuevo medicamento 

PRE-CLÍNICA



FASE I

FASE II

FASE III

FASE IV

Ensayos clínicos aleatorizados pequeños o 
serie de casos para probar la tolerabilidad y 
diferente intensidad o  
dosificación de la intervención en desenlaces 
clínicos o biomarcadores

PRE-CLÍNICA



FASE I

FASE II

FASE III

FASE IV

Ensayos clínicos aleatorios relativamente 
grandes, cegados, para probar con mayor 
certeza el efecto de la terapia en desenlaces 
clínicos y efectos adversos

PRE-CLÍNICA



FASE I

FASE II

FASE III

FASE IV

Grandes estudios aleatorios u 
observacionales conducidos después de que 
la terapia ha sido aprobada por la FDA (u otra 
agencia regulatoria) para evaluar la frecuencia 
de eventos adversos raros y evaluar otros 
usos adicionales posibles

PRE-CLÍNICA



lectura crítica

• Validez 

• Importancia 

• Aplicabilidad



lectura crítica
• VALIDEZ —¿ES VÁLIDO EL ESTUDIO? 

‣ busca sesgos 

• RESULTADOS —¿SON IMPORTANTES? 

‣ tamaño del efecto 

‣ precisión del efecto (intervalos de confianza) 

• APLICACIÓN —¿SE PUEDE APLICAR A MI PACIENTE? 

‣ toma de decisiones y recomendación final



los resultados



medición de desenlaces dicotómicos

• Reducción de riesgos ó diferencia de riesgos ó reducción absoluta de riesgos 
(DR, RRA) 

• Riesgo relativo ó razón de riesgos (RR) 

• Odds ratios (OR) 

• Reducción del riesgo relativo (RRR) 

• Número necesario de pacientes a tratar (NNT)



medición de desenlaces continuos

• Diferencia de medias (MD) 

• Diferencia estandarizada de medias (SMD)



eso es de otro taller / charla
• por lo pronto vimos: 

‣ Qué son y cómo nacieron los ensayos clínicos 

‣ Por qué son necesarios 

‣ Cuáles son los distintos diseños de ECA y los sesgos que 
podemos encontrar 

‣ Cuáles son las fases de ensayos clínicos para la aprobación de una 
nueva droga 
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