
3) We are analyzing all of the patients 
who met the requirements of the proto- 
col. 

4) Even when seen from the view- 
point of the completed study, the proto- 
col was well chosen and relevant. 

5) Only one end point was con- 
templated in advance, and this is the one 
we are using. 

6) We have only looked seriously at 
the data a few times, each of which was 
fixed well in advance. 

What then? 
Notice first that there may well be ex- 

cellent reasons, often involving knowl- 
edge gained during the study, which can 
make any one or more of these desid- 
erata either unwise to attempt or impos- 
sible to have. Real studies often have 
real problems, which we must meet as 
best as we can. 

If, however, we have a focused clini- 
cal trial with the characteristics just de- 
scribed, we have a study of the best sort 

anyone knows how to conduct, and our 
statements of significance are much 
more likely to mean what they say, espe- 
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cially if we make some allowance for the 
number of looks, than most of those rou- 

tinely found in the literature of any field, 
medico-surgical or not. As a result, we 
have, I assert, an ethical obligation to 
take the results of such a study most seri- 
ously. 

* * * * 

I can hardly claim to have made any of 
our tasks easier by bringing forward the 

problems I have discussed. But it would 
not really have helped us to go ahead in 

ignorance of the problems that are there 
whether we like it or not. 

The pressures of ethics do force us to 

sharpen our interpretation of the uncer- 
tainties of the data. The distinction be- 
tween clinical inquiries and focused clin- 
ical trials is important. Both have impor- 
tant roles to play. There are questions 
we dare not try to answer. Both knowl- 

edge and opinion are important and 
must be managed by the same individ- 
uals. Historical controls are not an easy 
out. We cannot, ethically, either look 

only once or look very many times. Yet 
there is hope. 
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Ethical issues raised by human experi- 
mentation, especially in medicine, have 
been of increasing concern in the last 
half of the 20th century. Except for is- 
sues of consent and capacity to consent, 
ethical concerns raised by controlled tri- 
als center about the fact that individuals 
are being subjected, randomly, to dif- 
ferent treatments. Two arguments are 
raised, and in each the patients are seen 
to be the losers. The first argument is an 
expression of the fear that the trial, by 
withholding a favorable new therapy, im- 
poses a sacrifice on the part of some of 
the patients (the control group). The sec- 
ond argument raises the opposite con- 
cern that, by getting an untested new 
therapy, some patients (those in the ex- 
perimental group) are exposed to addi- 
tional risk. To a large extent, both argu- 

684 

Ethical issues raised by human experi- 
mentation, especially in medicine, have 
been of increasing concern in the last 
half of the 20th century. Except for is- 
sues of consent and capacity to consent, 
ethical concerns raised by controlled tri- 
als center about the fact that individuals 
are being subjected, randomly, to dif- 
ferent treatments. Two arguments are 
raised, and in each the patients are seen 
to be the losers. The first argument is an 
expression of the fear that the trial, by 
withholding a favorable new therapy, im- 
poses a sacrifice on the part of some of 
the patients (the control group). The sec- 
ond argument raises the opposite con- 
cern that, by getting an untested new 
therapy, some patients (those in the ex- 
perimental group) are exposed to addi- 
tional risk. To a large extent, both argu- 

684 

ments imply that investigators know in 
advance which is the favorable treat- 
ment. 

Some empirical evidence on these is- 
sues can be obtained by examining how 

potential new therapies are evaluated 
and what the findings are. How often do 
new therapies turn out to be superior 
when they are tested, and how much bet- 
ter or worse is a new therapy likely to be 
than the standard treatment? We have in- 
vestigated such questions for surgery 
and anesthesia. 

The Sample of Papers 

For an objective sample we turned to 
the National Library of Medicine's MED- 
LARS (Medical Literature Analysis and 
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ings, and computer-assisted bibliogra- 
phies are prepared by cross-tabulating all 
references appearing under one or more 
index subjects. For example, all articles 
indexed under prostatic neoplasms, 
prostatectomy, and postoperative com- 
plications might be sought. 

We obtained our sample from the 
MEDLARS system by searching for pro- 
spective studies and a variety of surgical 
operations and anesthetic agents, such 
as cholecystectomy, hysterectomy, ap- 
pendectomy, and halothane (1). The pa- 
pers appeared from 1964 through 1973. 

We found 46 papers that satisfied our 
four criteria: The study must include (i) a 
randomized trial with human subjects, 
(ii) with at least ten people in each group, 
(iii) it must compare surgical or anesthet- 
ic treatments, and (iv) the paper had to 
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Fig. 1. Secondary therapies: estimated cu- 
mulative distribution of true gains (reduction 
in percentage with a particular complication). 

be written in English because of our own 
language limitations. All the papers we 
found, by the MEDLARS search, that met 
these criteria are included in the sample. 
Although this sample is neither a strictly 
random sample nor a complete census of 
the literature of the period covered, the 
method does largely exclude personal 
biases in selection. 

These papers evaluated two types of 
therapy. One type is designed to cure the 
patient's primary disease. An example is 
the trial of radiation therapy in addition 
to surgery for the treatment of cancer of 
the lung (2). The second type of therapy 
is used to prevent or decrease the rate of 
an undesirable side effect of the primary 
therapy. Examples are the various trials 
of anticoagulants to decrease the in- 
cidence of thromboembolism after oper- 
ations on the hip. Because we felt that 
these two types of therapies might differ 
in the distributions of improvements we 
wished to study, as indeed they seemed 
to, we have recorded them separately us- 
ing the terms primary and secondary 
therapies, respectively. While each of 
our sample papers has provided impor- 
tant information concerning the treat- 
ment of a specific disease or condition, 
prognosis, complications, the natural 
history of disease, and the like, we have 
concerned ourselves only with the com- 
parison of effectiveness between com- 
peting therapies. 

We have classified each therapy either 
as an innovation or as the standard treat- 
ment, to which the innovation was being 
compared. Although this distinction is 
usually clear, in a few instances some 
readers might disagree with our deci- 
sions. We took the position of the inves- 
tigators, who usually indicated which 
therapies they regarded as the standards 
for comparison. Some papers report tri- 
als where several innovations were test- 
ed against one standard, or one in- 
novation was sometimes tested against 
several standards, or the comparison 
was made for several distinct types of 
patients. To prevent one paper from hav- 
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ing an undue effect on the total picture, 
no more than two comparisons were tak- 
en from any one paper, the choice being 
based on the importance of the com- 
parisons for the surgery. When two com- 
parisons were used, each was weighted 
one-half. When several papers reported 
the same investigation, we used the 
most recent one. 

Comparisons of Innovations and 

Standards 

To give a rough qualitative idea of how 
the innovations (I) compared with the 
standards (S), we have classified the out- 
comes by "highly preferred to" (>>), 
"preferred to" (>), and "about the same 
as" (=) in Table 1. In the first set desig- 
nated =, the innovation was regarded as 
a success because it did as well as the 
standard and did not have other dis- 
advantages, such as high cost, dangerous 
side effects, or the requirement of extra 
skill or training in its administration. 
Thus, it offers the surgeon an extra ther- 
apy when the standard may have draw- 
backs. 

In the second set designated =, the in- 
vestigators seemed indifferent to the 
equality; in the third set, the innovations 
were regarded as a disappointment be- 
cause of undesirable features. The pref- 
erences reported reflect closely the 
views of the original investigators. 

About 49 percent of the innovations 
were successful when compared to their 
matched standards, and 13 percent were 
highly preferred. Among pairs of prima- 
ry therapies, the innovation was highly 
preferred in 5 percent, and among pairs 
of secondary therapies the innovation 
was highly preferred in 18 percent of the 
comparisons. Indeed, the totals of the 
two extreme categories were smaller in 
the primary comparisons than in the sec- 
ondary-10.5 percent as compared to 27 
percent. 

The overall impact of the data in Table 
1 is to suggest that, when assessed by 
randomized clinical trials, innovations in 
surgery and anesthesia are successful 
about half the time. Since innovations 
brought to the stage of randomized trials 
are usually expected by the innovators to 
be sure winners, we see that in the sur- 
gery and anesthesia area the evidence is 
strong that the value of the innovation 
needs empirical checking. 

Quantitative Comparisons 

In addition to the qualitative com- 
parisons of Table 1, we want to compare 

Table 1. Qualitative comparisons between in- 
novations (I) and standards (S) stratified by 
primary and secondary therapies. Where a 
paper had two comparisons, each was weight- 
ed one-half. 

Sec- Pref- Pri- To- Per- ond- erence mary tal cent ary 

I>>S 1 5 6 13 
I > S 4 4/2 81/2 18 
I = S (suc- 

cess) 21/2 6 8/2 18 
I = S (in- 

different) 11/2 1 212 5 
I = S (disap- 

pointment) 6 5 11 23 
S > I 3 4 7 15 
S > > I 1 212 32 7 

Total 19 28 47* (99) 

*One paper contributed to both the primary and the 
secondary column. 

the performance of the innovation more 
quantitatively with the standard. For 
those primary therapies where survival 
gives a suitable measure of performance, 
we examine the distribution of the dif- 
ference in survival percentages (I minus 
S). For the secondary therapies, we 
compare the percentages of patients not 
getting a specific complication such as 
abdominal infection or thrombosis. 
(Where we have used two complications 
in one study, each has been weighted 
one-half, as in Table 1.) If we merely 
take the observed differences, they are 
subject to variation over and above the 
true differences because of sampling er- 
ror due to the finite samples used in the 
experiments. To adjust for these sam- 
pling errors, we use an empirical Bayes 
procedure, as described in the appendix. 
Efron and Morris (3) describe the general 
idea through an instructive sports ex- 
ample: 

If we observed the batting averages for 
their first 50 times at bat for 200 major 
league batters, we might find them rang- 
ing from 0.080 to 0.450, yet we know that 
major league averages for a season ordi- 
narily run from about 0.200 to 0.350 
these days. The excess spread comes 
from the sampling error based on only 50 
times at bat rather than the season's total 
experience. To adjust this, we can shrink 
the results toward the center of the dis- 
tribution (roughly 0.275). How this is 
done is explained by Efron and Morris 
(3, 4) and more simply by them in (5); the 
explanation is given in detail for the pres- 
ent situation in (6). 

After the shrinking is carried out, we 
can estimate the distribution of the true 
gains or losses associated with the in- 
novation by methods discussed in the ap- 
pendix and in (6). In Fig. 1, we give the 
estimated cumulative distribution for the 
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true gains of secondary innovations. The 

graph suggests that about 80 percent of 
the innovations offer gains between -10 

percent and +30 percent. In about 24 
percent of the studies, gains of at least 20 

percent occur. In about 10 percent of the 
studies, gains of more than 30 percent 
occur. About 12 percent of the time, 
losses of more than 10 percent occur. 
The sharp dip just to the right of zero im- 

provement in Fig. 1 could, in a replica- 
tion, move a few percent to the left or 

right of its present position. We have to 

emphasize that the cumulative is based 
essentially on a sample of 24 papers (not 
all secondary papers in Table 1 could be 
used here); but each paper is worth rath- 
er less than one whole observation of the 
difference because of the sample sizes in 
the investigations. If the sample sizes 
were infinite, we would not have the 
shrinking problem, and each paper 
would provide a full observation. 

Gains or losses of modest size, such as 
10 percent, while extremely valuable, 
are hard to detect on the basis of casual 
observation. We need careful experi- 
mentation and good records to identify 
such gains and losses. To get an idea of 
how hard it is to detect a difference of 10 
percent, say that between 55 percent and 
45 percent, it may help to know that two 
samples of size about 545 are required to 
be 95 percent sure of detecting the dif- 
ference, by a one-sided test of signifi- 
cance at the 5 percent level. To be 50 
percent sure requires samples of 136. 
Such large trials were rare in our sam- 
ples. 

Nonrandomized Controlled Trials 

In addition to the randomized clini- 
cal trials, 11 less well-controlled trials 
seemed appropriate for reporting. Re- 
sults are shown in Table 2 in a manner 
similar to that used in the randomized tri- 
als. By and large, the distribution leans 
more favorably toward innovations than 
that seen in Table 1. A tendency for non- 
randomized trials to favor innovations is 

frequently noted. Although speculation 
is easy, the reasons for this are unclear. 
While in general a randomized trial pro- 
vides stronger evidence than a corre- 
sponding nonrandomized trial, there are 
occasions where a nonrandomizing trial 
may be convincing. A nonrandomized 
study of abdominal stab wounds seems 
especially instructive because it provides 
strong evidence favoring a new policy. 
The hospital's standard policy had been 
to perform a laparotomy (surgical explo- 
ration of the abdominal cavity) on all 

patients with abdominal stab wounds. In 
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Table 2. Summary for controlled nonran- 
domized trials. 

Preference ri- Second- To- 
Preference mary ary tal 

I>>S 2 3 5 
I>S 1 1 2 
I = S (disap- 

pointment) 2 2 
S>I 1 1 
S>>I 1 1 

Total 3 8 11 

1967, the hospital instituted a change in 
policy, the results of which Nance and 
Cohn (7) report. The new policy de- 
manded exploration only when the at- 
tending surgeon judged it necessary. (A 
patient might be observed for a period 
and then explored.) 

The investigators give a record of (i) 
the substantial number of complications 
(25 percent) emerging from routine lap- 
arotomy when, in retrospect, the patient 
had not required surgical repair for the 
stab wound; (ii) the recovery without 
complications in the approximately 8 
percent of patients who declined or oth- 
erwise passed by the former administra- 
tive rule of always performing a lap- 
arotomy; and (iii) evidence that delay be- 
fore exploration under the old policy was 
not associated with an increase in the 
complication rate. These observations 
suggest that omitting the laparotomy for 
selected patients might be good practice. 

Some might have said, on the basis of 
the data presented in (i), (ii), and (iii), 
that the proposed new policy of judg- 
mental surgical decisions would be 
clearly preferable to routine laparotomy. 
Nevertheless, such inductive leaps have 
often failed in other attractive circum- 
stances, sometimes because the new pol- 
icy loses some advantages that the old 
one had, or falls prey to the fresh prob- 

Table 3. Degree of control versus degree of 
investigator enthusiasm for portacaval shunt 
operation in 53 studies with at least ten 
patients. The table is revised from Grace, 
Muench, and Chalmers (8), table 2, p. 685 
(?1966, Williams and Wilkins, Baltimore). 
Chalmers advised us of two additional studies 
to add to the well-controlled to moderate 
cell, raising the count from 1 to 3. 

Degree Degree of enthusiasm 
of Mod- To- 

control Marked None 
erate tal 

Well con- 
trolled 0 3 3 6 

Poorly con- 
trolled 10 3 2 15 

Uncon- 
trolled 24 7 1 32 

Total 34 13 6 53 

lems that may arise when any policy is 
totally changed. Changing from set poli- 
cy to the regular use of judgmental surgi- 
cal decisions plus keeping records pro- 
vided an inexpensive type of quasi-ex- 
periment. The method has a grave weak- 
ness because the time period is not 
common to the differently treated 
groups; and, therefore, causes other than 
the change in treatment may produce at 
least part of the observed differences. 

For the stab wounds, the need for a 
randomized clinical trial is not now com- 
pelling for the hospital partly because, in 
addition to the logic and data of (i), (ii), 
and (iii) above, the final quasi-experi- 
ment produced a large improvement. Al- 
though the percent requiring repair of the 
stab wound was about the same under 
the old and new policies (30 percent as 
compared to 28 percent), the overall 
complication rate dropped substantially 
from 27 to 12 percent. One fear would be 
that the unexplored group would pro- 
duce a proportion of very severe com- 
plications. The evidence goes the other 
way. Among those not explored, the 
number without complications remained 
at zero even though the number not ex- 
plored rose from 38 to 72 patients, and 
the percent explored fell from 92 to 40 
percent. The average length of hospital- 
ization over all patients dropped from 7.9 
to 5.4 days. Had the effect been small, 
one might still be concerned whether 
possible biases and other changes could 
have given misleading results. All told, 
the evidence favoring the new policy 
seems persuasive for this hospital. 

Comparisons of Degrees of Control 

Although randomized clinical trials are 
not the only strong form of evidence 
about therapies in humans, weakly con- 
trolled investigations may not give the 
same results as better controlled ones. 
Chalmers and his colleagues have com- 
pared (8, 9) views of many investigators 
who had make studies of a single thera- 
py, with respect to the degree of control 
used in each investigation. We give the 
results of one example of such collec- 
tions of investigations (8). 

Table 3 shows the association between 
degree of enthusiasm and degree of con- 
trol for the operation of portacaval shunt 
[slightly revised, by adding two cases, 
from Grace, Muench, and Chalmers (8)]. 
The counts in Table 3 are not of patients 
but of investigations. Table 3 shows that, 
among the 53 investigations, only six 
were classified as "well-controlled." 
Among the 34 associated with "marked 
enthusiasm," none were rated by the in- 
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vestigators as "well-controlled." The 
"poorly-controlled" and the "uncon- 
trolled" investigations generated ap- 
proximately the same distribution of en- 
thusiasm: about 72 percent "marked," 
21 percent "moderate," and 6 percent 
"none." The six "well-controlled" in- 
vestigations split 50-50 between enthusi- 
asm levels "moderate" and "none." 
Muench, who participated in collecting 
these data, has a set of statistical laws 
(10), one of which says essentially that 
nothing improves the performance of an 
innovation as much as the lack of con- 
trols. Because tables for other therapies 
have given similar results, one must be 
cautious in accepting results of weakly 
controlled investigations. 

In Table 3, the rows for "poorly con- 
trolled" and "uncontrolled" studies sug- 
gest that repeated, weakly controlled tri- 
als are likely to agree and build up an il- 
lusion of strong evidence because of the 
large count of favorable studies. 

Not only may this mislead us into 
adopting and maintaining an unproven 
therapy, but it may make proper studies 
more difficult to mount, as physicians be- 
come less and less inclined, for ethical 
reasons, to subject the issue to a care- 
fully controlled trial lest the "benefits" 
of a seemingly proven useful therapy be 
withheld from some patients in the 
study. 

Strengths of Belief 

A controlled trial of innovative thera- 
py may sometimes impose a sacrifice on 
the part of some patients by withholding 
the more favorable of a pair of treat- 
ments. However, prior to the trial we do 
not know which is the favorable therapy. 
Only after the trial can the winner be 
identified. Some will say that the physi- 
cian must have an initial guess, however 
ill-founded. It is unlikely that his view of 
the two competing treatments is exactly 
50-50. The question then arises: If the 
physician fails to act on such a prefer- 
ence, is the patient getting responsible 
care? To help consider this question, let 
us review information obtained from ex- 
periments on incidental information. 

Alpert and Raiffa (11) have performed 
a number of experiments on guessing be- 
havior. Individuals were asked to esti- 
mate quantities about which they might 
have been expected to have some in- 
cidental information, such as the fraction 
of students in their class having a partic- 
ular characteristic. Subjects were gradu- 
ate students in the Faculty of Arts and 
Sciences and in the Graduate School of 
Business Administration at Harvard 
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University. In addition to the basic esti- 
mate, the graduate students were asked 
to provide numbers below which various 
subjective probabilities would lie. If we 
think of the upper and lower 1 percent 
intervals as ones where a responder 
would be seriously surprised to find the 
true answer (that is to say, the responder 
felt 98 percent sure that the answer 
would lie between the chosen 1 percent 
and the 99 percent levels), then these re- 
sponders were seriously surprised in 
42.6 percent of the guesses or about 21 
times as often as they should have been 
if the subjective estimates matched the 
true frequencies. Alpert and Raiffa's 
work (11) shows that experienced adults 
are likely to overrate the preciseness of 
their estimates. These people were too 
sure of their information. Although these 
people were not physicians in a patient 
relation, they were well educated and en- 
gaged in thoughtful work. Until we get 
contrary information from more relevant 
studies, such data suggest that strong ini- 
tial preferences for therapies yet to be 
tested by controlled trials should be 
viewed with reserve. And, of course, the 
distribution shown in Fig. 1 and the re- 
sults of Table 1 also show that, for thera- 
pies tested in trials, holding a view not 
far from 50-50 has some empirical foun- 
dation for surgery. 

Shapiro (12) gives examples of wide 
variation among different physicians' es- 
timates of probabilities in therapeutic sit- 
uations, data pertinent to this discussion, 
but not the same as the Alpert-Raiffa 
point. Shapiro shows that physicians dif- 
fer a great deal in their estimates; Alpert 
and Raiffa show that people are very fre- 
quently much further off than they ex- 
pect to be. 

Do We Owe the Past or Future? 

Let us consider the question of wheth- 
er a present patient should give up some- 
thing for future patients. We, or our in- 
surance carriers, pay the monetary cost 
of our care. What we do not pay for is 
the contribution to the medical system 
by past patients. These patients, through 
their suffering and participation in stud- 
ies, have contributed through their ill- 
ness and treatments to the present state 
of evidence for all patients. Such contri- 
butions cannot be purchased by money 
but can be repaid in part by making, 
when appropriate, a contribution to the 
same system. One good way is through 
participation in well-designed clinical tri- 
als when the patient falls into the limbo 
of medical knowledge. Other nonmon- 
etary ways are donating blood and 

organs. So one may feel an obligation to 
the system of medicine that has reached 
its present state without his or her assist- 
ance, and in addition each person has an 
interest in its general improvement as we 
next explain. [For a recent treatment of 
this point see Almy (13).] 

In some circumstances, participation 
in the trial may turn out to be of help to 
the patient. Aside from the luck of get- 
ting the best therapy of several that are 
offered, this occurs, for example, when 
the patient has a disease for which treat- 
ments can be readily changed after the 
trial. Nevertheless, there are circum- 
stances when the treatment is not revers- 
ible and when the chances are that the 
specific trial will be of little individual 
benefit-that is, when it has but slight 
chance of being a benefit to the patient, 
his family, or friends. 

Under these circumstances, the pa- 
tient may still be willing to participate in 
a trial. If the trial is recognized as part of 
a general system of trials in which 
patients participate only on such occa- 
sions as they qualify and when a trial 
seems necessary, then the patient may 
well benefit in the future not so much 
from the results of the particular trial he 
or she participates in but from the sys- 
tem that gives rise to it. Findings will 
come forward on many other diseases 
and the patient, or someone dear to him, 
will be likely to suffer from some of those 
diseases whose trials will have produced 
useful findings. It is not so much, then, 
the direct payoff of this present trial that 
we should have our eye on, but pooled 
benefits of the whole system. The longer 
the patient lives, the more likely it is that 
he or she will suffer from some other of 
the diseases being studied by careful tri- 
als. And insofar as they are not studied 
by careful trials, the appropriate con- 
clusions may be slow in coming. By put- 
ting off the day when strong evidence is 
obtained, we reduce the patient's 
chances of benefiting most fully from 
modern medicine. Thus the patient has 
an interest not only in the trial he or she 
has the opportunity to engage in, but also 
a stake in a whole system that produces 
improved results that may well offer ben- 
efits in the future, if the patient survives 
the present difficulty. Thus, the social 
system will likely offer benefits through 
the larger system even when a particular 
component of the system may fail to pay 
off directly for a patient, his family, 
friends, or some other social group he 
belongs to. 

A further statistical point that may not 
be much appreciated by potential partici- 
pants in randomized trials is that the in- 
ferences apply primarily to the popu- 
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lation sampled in the study. To the ex- 
tent that individuals or groups decline to 
participate in studies, and to the extent 
that their responses may differ from 
those of the rest of the population (an in- 
teraction between participation and re- 
sponse to therapy), the treatments se- 
lected may not apply to them as well as 
to participants and people "like" them. 
For example, if those in the lower eco- 
nomic status were less likely to partici- 
pate and if economic status related to the 
differential effectiveness of therapies, 
say, through additional lack of com- 
pliance, the study will not properly ap- 
preciate the value of the therapy for the 
nonparticipating group. 

The lone individual may seem to have 
little incentive to participate because one 
seems so few among many. But the stake 
is not in any one person appearing in this 
study; it is in having people from seg- 
ments of the population that represent 
that individual being properly represent- 
ed in this and other studies so that the 
results of the whole system may be more 
assuredly applied to this patient when 
disease strikes. The idea is similar to that 
of being told not to complain of the sys- 
tem when one does not vote. But the ex- 
tra feature here is that one gets to vote 
on certain special occasions, and then 
only a few are admitted to the booth, and 
so each opportunity to vote weighs much 
more heavily than usual. 

If certain groups tend not to partici- 
pate in the evaluative system, then they 
will not find medical evaluations of ther- 
apies as well pointed to their needs as if 
they did participate. Thus, each individ- 
ual has a stake in wanting people like 
themselves represented. Since it is hard 
to say what "people like themselves" 
means, the good solution is to have the 
whole appropriate population volun- 
teering in all the therapies tested. Partici- 
pating presumably encourages others 
like me to participate too, and vice ver- 
sa. 

The main point of this discussion is 
that if participation seems to the patient 
to be a sacrifice, it should be noted that 
others are making similar sacrifices in aid 
of the patient's future illnesses. So even 
if the particular trial may not help the 
patient much, the whole system is being 
upgraded for his or her benefit. We have 
a special sort of statistical morality and 
exchange that needs appreciation. 

Responsibility for Research 

Much of current popular discussion of 
the ethnical issue takes the position that 
physicians should use their best judg- 
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ment in prescribing for a patient. To 
what extent the physician is responsible 
for the quality of the judgment is not 
much discussed, except to say that he 
must keep abreast of the times. Some 
physicians will feel an obligation to find 
out that goes beyond the mere holding of 
an opinion. Such physicians will feel a 
responsibility to contribute to research. 
In similar fashion, some current patients 
may feel a responsibility to contribute to 
the better care of future patients. The 
current model of the passive patient and 
the active ongoing physician is not the 
most effective one for a society that not 
only wants cures rather than sympathy, 
but insists on them-a society that has 
been willing to pay both in patient coop- 
eration and material resources for the 
necessary research. 

Quality of Life 

In addition to a society willing to sup- 
port medical research through respon- 
sible experimentation on human beings, 
in addition to physicians dedicated to ac- 
quiring knowledge on behalf of the sick, 
we must be certain that controlled trials 
are designed to seek answers to the ap- 
propriate questions. In our survey, we 
found most concern with near-term out- 
comes, both mortality and morbidity. 

We need additional data about the 
quality of life of patients. Among our ini- 
tial sample of 107 papers drawn through 
the MEDLARS search, quality of life 
seemed often to be a major consid- 
eration, although rarely did papers ad- 
dress more than a few features of that 
quality (14). Because much of medicine 
and surgery is intended to improve quali- 
ty rather than to save life, measuring the 
improvement is important. As we have 
indicated above, different therapies fre- 
quently produce about the same mortali- 
ty and morbidity, and so the ultimate 
quality of life achieved would bear heavi- 
ly on the choice. Thus, for proper evalu- 
ation of alternatives, we need to assess 
the patient's residual symptoms, state of 
restored health, feeling of well-being, 
limitations, new or restored capabilities, 
and responses to these advantages or 
disadvantages. 

For surgery, we need long-term fol- 
low-up and both objective and subjective 
appraisals of the patient's quality of life. 
Frequently, the long-term follow-up is 
carried out, but overall quality of life is 
rarely measured. For example, among 16 
cancer papers in the initial sample of 107, 
follow-ups ranged from 2 months to 2 
decades. With few exceptions, survival 
and recurrence data were the principal 

information given, and because different 
treatments usually had similar rates, it 
would be fruitful to report contrasts 
among the treatments in the quality of 
life or death experienced by patients 
with the same disease but having dif- 
ferent treatments. This might be espe- 
cially appropriate because the therapies 
involved such features as castration, 
hormones, irradiation, chemotherapy, 
and various amounts of surgery. Devel- 
oping and collecting suitable measures 
for quality of life after surgery requires 
leadership from surgeons and the coop- 
eration of social scientists. We hope 
these developments will soon take place. 

Summary 

Approximately half the surgical in- 
novations tested by randomized clinical 
trials provide improvements. For those 
where reduction in percent of com- 
plications was a useful measure, we esti- 
mate that about 24 percent of the in- 
novations gave at least a 20 percent re- 
duction in complications. Unfortunately, 
about 12 percent of the innovations gave 
at least a 10 percent increase in com- 
plications. 

Therefore, keeping gains and dis- 
carding losses requires careful trials. 
Gains of these magnitudes are important 
but are hard to recognize on the basis of 
incidental observations. When well-con- 
trolled trials have not been used, some- 
times data have piled up in a direction 
contrary to that later found by well-con- 
trolled trials. This not only impedes 
progress but may make carefully con- 
trolled trials harder to organize. Most of 
the trials we studied did not have large 
sample groups. To dependably identify 
gains of the magnitude we found in the 
discussion on surgery and anesthesia, 
trials must be designed carefully with 
sufficient statistical power (large enough 
sample sizes) and appropriate controls, 
such as may be provided by randomiza- 
tion and blindness. As Rutstein (15) sug- 
gests: 

It may be accepted as a maxim that a poorly 
or improperly designed study involving hu- 
man subjects ... is by definition unethical. 
Moreover, when a study is in itself scientif- 
ically invalid, all other ethical considerations 
become irrelevant. There is no point in ob- 
taining "informed consent" to perform a use- 
less study. 

When we think of the costs of random- 
ized trials, we may mistakenly compare 
these costs with those of basic research. 
A more relevant comparison is with the 
losses that will be sustained by a process 
that is more likely to choose a less desir- 
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able therapy and continue to administer 
it for years. The cost of trials is part of 
the development cost of therapy. Some- 
times costs of trials are inflated by large 
factors by including the costs of the ther- 
apies that would in any case have been 
delivered rather than the marginal cost of 
the management of the trial. This mis- 
take is especially likely to be made when 
a trial is embedded in a large national 
program, and this is also the place where 
trials are highly valuable because their 
findings can be extended to a whole pro- 
gram. 

Surgical treatment frequently trades 
short-term risk and discomfort for an im- 
proved longer term quality of life. While 
long-term follow-up is frequently report- 
ed, a vigorous effort is needed to develop 
suitable measures of quality of life. 

Table 1 gives empirical evidence that, 
when surgical trials are carried out, the 
preferable treatments are not known in 
advance. Although a common situation 
in a trial would be that the innovation 
was expected to be a clear winner, the 
outcome is in grave doubt. Empirical 
evidence from nonmedical fields sug- 
gests that educated "guesses" even by 
experienced, intelligent adults are way 
off about half the time. For these reasons 
we discount the pretrial expectations or 
hunches of physicians and other investi- 
gators. 

Most innovations in surgery and anes- 
thesia, when subjected to careful trial, 
show gains or losses close to zero when 
compared to standards, and the occa- 
sional marked gains are almost offset by 
clear losses. The experimental group is 
neither much better nor much worse off 
than the control group in most trials, and 
we have little basis for selecting between 
them prior to the trial. 

The one sure loser in this system is a 
society whose patients and physicians 
fail to submit new therapies to careful, 
unbiased trial and thus fail to exploit the 
compounding effect over time of the sys- 
tematic retention of gains and the avoid- 
ance of losses. Let us recall that our 
whole financial industry is based on a 
continuing return of a few percentage 
points. 

All in all, the record in surgery and 
anesthesia is encouraging. We regard a 
finding of 50 percent or more successes 
for innovations in surgical and anesthetic 
experiments as a substantial gain and a 
clear opportunity for additional future 
gains. Well-conducted randomized clini- 
cal trials are being done. All of us, as po- 

tential patients, can be grateful for a sys- 
tem in which new therapeutic ideas are 
subjected to careful systematic evalua- 
tion. 

Appendix 

Estimating the distribution of gains. 
The model of the process is that of two- 
stage sampling. We regard the in- 
novation and its paired standard as 
drawn from a population of pairs of com- 
peting therapies. Let Z be the random 
variable corresponding to the improve- 
ment offered by the innovation (in- 
novation minus standard), with mean M 
and variance A. For the ith innovation 
with true gain Zi, the experiment as- 
sesses the gain as Wi, and Wi has mean Z, 
and variance Di. 

If we assume as an approximation that 
the distributions of Zi and Wi are normal, 
then the posterior distribution of Zi has 
mean 

Zi* = M* + ei(Wi - M*) 

where 

ei = A*/(A* + Di) 

A* is an estimate of A, and M* is an esti- 
mate of M. The posterior distribution of 
Zi is approximately normal with mean 
Zi* and variance (1 - Bi)Wi, where 

Bi = Di/(A* + Di) 

In the current problem the D's are esti- 
mated from binomial theory because the 
W's are the difference between two inde- 
pendent observed proportions. Details of 
obtaining A* and M* are given in (6). 

To estimate the cumulative distribu- 
tion of Z, we compute for each observa- 
tion Wi 

z - Z* 

(1 - Bi)Di 

then using normal theory we compute 

(Ci) = P(X < ci) 

where X is a standard normal random 
variable. Thus 

(Ci)= [1/ V 2T ] J exp(- 2x2) dx 

Finally 
k 

E ?(ci)lk 

timt P( < ) for ah f i= 
estimates P(Z < z) for each value of z. 
We thus release ourselves from the origi- 

nal normal approximation for Z and get a 
new distribution that is not normal but 
should be an improved approximation of 
the true distribution. When weights were 
used because one study gave two com- 
parisons they modified both the estima- 
tion of A and W and the estimation of 
P(Z < z). 
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