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INTRODUCTION

The evolution, since the end of the 20th century, of information and communication technologies, hardware and computer science made digital revolution technically possible. In the field of medicine, in particular, it takes the form of decision support programs which claim to solve complex problems better than a physician. These programs rely on the extraction of relevant data from multiple datasets by algorithmic methods (artificial neural networks or genetic algorithms). It enables these programs to formulate recommendations to the physician, or even to indicate probable diagnostic categories to him.

Today, the use of these programs is becoming more widespread in medicine. Or, at least, some actors are working hard on it by deploying strategies to involve institutional actors and the public: one of these strategies consists in stating that these programs will make medical decisions more rational, i.e. rational in the sense of rational choice theory, where a rational decision is the choice of the best possible solution according to the preferences of the decision-maker, and on the basis of exhaustive information. In fact, there is a lot of studies that have shown that in decision-making situations, physicians are subjects to cognitive biases that affect their final decision. Thus, according to the promotors of computer programs, these will make it possible to go beyond the intrinsic limits of medicine, by supplanting the physician in the steps of data acquisition and processing. And, of course, this statement is of interest of health administrators, who seek for efficiency gains. So, it is starting to become a phenomenon supported by institutions. Now, I would like to rely on Georges Canguilhem's definition of the epistemological status of medicine (Canguilhem 1985). Canguilhem is a French historian and philosopher of medicine and life sciences. To summarize, he says that, since the early 19 th century, medicine can be qualified as an evolutive sum of applied sciences, and that its epistemological status (that is, why and how it is a science) lies in the fact that it is both a science and a technique.

Indeed, on the one hand, although medical knowledge is applied knowledge, it is still scientific knowledge. On the other, it is a "technique", because its purpose is also to cure the sick individual. From this point of view, medicine must deal with the complexity and variability of its object, as well as with the constraints specific to its very practice. As a result, care requires an experimental moment, when the physician, who reasons from data of anamnesis and clinical examination, dispose of the whole medical knowledge he manipulates in order to cure his patient. Now, if this experimental moment, or, as Mol, Moser and Pols say in the introduction of Care in practice: On Tinkering in Clinics, Homes and Farms (Moser, Mol 2010), this "tinkering", is a key element of the actual epistemological status of medicine, the phenomenon I depicted, of course, challenge this status. In fact, by trying to increase the rational character of medicine in order to make its practice more efficient, there is a great risk of making it an instrumental activity, probably at the expense of patients. Therefore, I propose to bring to light some positive elements that will allow one to start to reflect on the potential consequences of these programs on medicine and these elements will also allow for acting upon these consequences.

PAPER'S PLAN

To do this, I will first historicize algorithms in medicine. In fact, the use of this kind of objects has existed since the second half of the 20 th century. Today's most used algorithms appeared in the 1990s in France: these are prognostic and diagnostic scores and decision trees like these two. Of course, they are less complex than recent computer algorithms, but they are also developed from the biostatistical analysis of data from clinical research and they also solve problems sequentially. I will discuss the history of these objects in France and show that they take part to a political quest for efficiency in medicine, where they are supposed to create an algorithmic thinking.

In the second part of my paper, I will depict what is algorithmic thinking in theory and in practice, thanks to the analysis of an algorithm as such and in a particular context of use, which is that of emergency medicine. This last part of my paper will rely on excerpts of semidirective interviews I carried out with emergency physicians. Then, the results of these surveys will serve as a starting point for understanding the changes computer algorithms are likely to bring about in medicine.

I.

What about the past? A short history of algorithms in medicine

Algorithms now and then

Now, I will discuss the history of present medical algorithms. By contrast, the actual algorithm for the diagnosis of PE does not derive from medical sciences but from data, and it is arranged according to a pattern of reasoning other than those physicians frequently use. In fact, this type of formalism has existed since the 1960s.

However, the use algorithms during the clinical management of PE dates back to the 1990s.

Actually, by digging a little, I found that algorithms appeared in medicine as tools the political and economic rationalities use since the 1990s in order to make medicine more efficient.

Algorithms as the products of an institutional quest for efficiency

Now, I will show how this was set up.

To put it briefly, my researches on the history of algorithms in medicine took me back to the 1980s, when French health system administrators began to pay more attention to healthcare spending, and especially to the cost of medical care. At the same time, institutional actors began to import from the United States what is called "medical evaluation". That is, the scientific and institutional setting up of standards of care that, one thought, could make it possible, on the one hand, to reduce heterogeneity of practices, and, on the other, to set hospital equipment strategies. However, after studying institutional archives, I found that, right after the creation of the French agency for medical evaluation in 1991, medical evaluation had no connection to public decision yet. But this changed at the end of the 1990s, when French administrative system was reorganized according to the principles of New Public Management, i.e. an approach to run public services organization as private administrations. From that moment, the French State get closer to the agency for medical evaluation and placed it, alongside other health administrations, at the service of the promotion of efficiency in the health system. This agency became the Haute Autorité de Santé, which is equivalent to National Institute for Health and Care Excellence. Today, this agency fosters the development of a medical rationality based on statistical evidence, which contemporary political and economic rationalities value. At the same time, I discovered that over the years, it has appropriated algorithms in order to implement the statistical evidence in care practices by creating an algorithmic thinking in medicine.

I will now define the nature of this thinking, first, by studying an algorithm (the Geneva score) and second by studying algorithms in emergency medicine care, through excerpts of semi-directive interviews.

II. What about now? Algorithmic thinking in emergency departments 1. What algorithmic thinking is in theory

Algorithmic thinking materializes in objects such as the Geneva score, which is a prognostic tool for PE. Studying this object will enable me to reveal what is algorithmic thinking in medicine, in theory. This type of objects derives from the analysis of prospective clinical studies data, and that analysis can be made either by a human, either by biostatistical models, or either both. Doctors use them as follows: they look for the symptoms, clinical signs or risk factors indicated, they add the points, and they obtain a diagnostic or prognostic probability of the presence of the disease. Now, if we look at the items of the Geneva score more closely, we can see that subjective and context-specific elements do not form part of the scoring system rationale. It has not always been the case, yet. Geneva score have previous versions and it was standardized and simplified recently (2006 and 2008) in order to prevent the subjective interpretation of its items and to make it easier to remember. Now, what seems interesting to me is that recent guidelines recommend the Geneva score rather than the Wells rule, and that doctors do too. According to me, what explains this phenomenon are comparative studies that have shown that it is better to use Geneva score, since it is, and I quote, "completely objective". In fact, these studies rely on a 2005 paper which demonstrated that the predictive ability of the Wells rule depends closely on one of its items, which is a subjective one: the one that asks the doctor to look for "an alternative diagnosis less likely than PE". This item is subjective because, in short, it requires knowledges, skills, and clinical judgment. And when doctor use the Wells rules, these requirements must be met, since the predictive ability of Wells rule, as we have seen, depends on this item, and since the Wells rule itself is the entry point of PE's diagnosis algorithm. But clinical judgment can be biased, and so on, so the Geneva score is recommended instead of Wells'. So, within my thesis work, this example enables me to say two things about the evolution of algorithms in medicine. First, that they are evolving towards standardization. Second, that this move is accompanied by the simplification of their format. This facilitates their memorization and recollection: they can be viewed on a smartphone. Thus, these two observations, when combined with my historical insights, make me think that algorithms aim at being assimilated by physicians and at homogenizing some aspects of medical reasoning in order to modify care practices.

To illustrate this, here is a study from 2013 that compares the respective performance of clinical judgment and the Geneva score. The authors show that when physicians use clinical judgment alone, they identify patients risks better than the score. So, since the score is the entry point of PE's decision tree, if it classifies patients less well than doctors, using this algorithm implies that more patients are prescribed tests they don't really necessitate. It can be seen that The Geneva score aims at reducing clinical hazards in care practices by acting on the physician's reasoning. Other algorithms may act upon costs or time of care practices. In any case, they all do so, once assimilated by doctors, under the form an algorithmic thinking, i.e. a though process that consists in solving a problem with an algorithm, which is a sequential and finite procedure, whose formalization depends on the problem's data and, sometimes, as you saw it, on optimization constraints.

Thinking with algorithms in practices.

Now, I will rely on excerpts from my semi-directive interviews. I will show that physicians don't reason algorithmically, but that, in fact, algorithmic thinking is rather one of the many modalities under which they reason. This causes them to modulate algorithms according to other types of scientific explanations or practical reasonings.

When I first started to study the management of PE in emergency medicine, I expected to find there algorithmic thinking as I depicted it previously, because emergency medicine and PE are well suited to algorithms: PE algorithms are validated, and its diagnosis is difficult, because its clinical signs are very sneaky. In addition to this, the way emergency physician reason is permeable to algorithms: emergency physicians aim at identifying patient risks rather than making a definite diagnosis, because they are subject to huge time constraints, and they see a lot of different patients, with different diseases and different comorbidities. And indeed, emergency physicianswhether they are young or old -are huge users of algorithms.

In particular, they use scoring systems a lot. However, I found out that, while young doctors follow strictly recommended scores and algorithms, more than often, experienced physicians modulate decision trees they have integrated, especially therapeutic and complementary tests nodes which they replace by nodes resulting from other types of scientific or practical reasonings. When asked why, doctors pointed at the poor quality of guidelines algorithms are based on, their inapplicability to some patients (guidelines are sometimes based on overly defined populations), the impracticability of algorithms in their hospital, because of organizational constraints. To sum up, my interviews enable me to say that the experience of algorithms brings up to physicians a better knowledge of their limits. By "experience", I mean both practical and theoretical knowledge of algorithms. And, as a result, algorithmic thinking, today, remains framed by other type of medical knowledges (pathophysiological, microbiological, psychological, epidemiological, often combined).

CONCLUDING REMARKS

To conclude, algorithmic thinking is not the only modality over which emergency physicians reason. In some respect, this can be explained by the persistence of organizational singularities which oppose the generality of algorithms, i.e. architectural, professional (hierarchy). But it can mainly be explained by the perceived limitations of algorithms (which vary from doctor to doctor) and by the absence of explicit constraints regarding their use (this is different in care networks).

In spite of the fact that my study has limitations, because it focuses on a particular pathology and on its management in a particular specialty, I believe that its results can be extrapolated to medicine as a whole. Indeed, they are consistent with results I obtained on case studies on other diseases in intensive-care medicine, pneumology, internal medicine and infectious diseases. Thus, algorithmic thinking is a phenomenon that is relevant for medicine as a whole, to different extents. As the results of my study shows, it does not change medicine's epistemological status in any fundamental way if, as I said, medicine's epistemological status depends on experimentation or "tinkering". It is obvious that the latter is preserved, and even improved by algorithms. So, despite the fact that algorithms I study belong to a particular historical context and that, from a biostatistical point of view, they are way simpler thanfor example -recent neural network algorithms, it follows from what I said that the very project of a replacement of medical reasoning by algorithms will, for sure, destroy medicine's actual epistemological status and make it become an instrumental activity at the expense of care, of patients. 
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  am not saying that doctors must oppose computer algorithms, since it is clear, from what I found, that are not all bad when appropriated. I would rather say that, since experimentation, or "tinkering" forms an integral part of care, doctors should ensure they are provided with open and understandable computer programs, appropriate to the very practice of medicine, and that, obviously, medical training must include a technical training about the functioning of these tools, so that doctors can keep tinkering. Works cited Canguilhem, Georges (2015) [1985] 'Le statut épistémologique de la médecine', Etudes d'histoire et de philosophie des sciences concernant les vivants et la vie, Paris: Vrin Mol, Annemarie, Moser, Ingunn, Pols, Jeannette (2010) 'Care: Putting Practice into Theory', Care in Practice: On Tinkering in Clinics, Homes and Farms, Bielefeld: Transcript-Verlag

  To do this, I will compare two decision trees used for the diagnosis of PE, one from 1977 and another from 2014. This will highlight the fact that present algorithms required a specific historical context. So, here is the present diagnostic decision tree for PE, recommended by the European Society of Cardiology. It is used by all doctors in many specialties. It was directly induced from data on the prevalence of the disease and on the accuracy of available diagnostic tests with a Bayesian inference model (where the post-test probability of a parameter P is proportional to the pre-test probability of P, multiplied by the likelihood of P from collected data). Thus, this algorithm provides doctors a Bayesian statistical inference, which is established as a universal model of inference for the diagnosis of PE. By way of comparison, here is a decision tree for venous explorations during PE. It was published in 1977 in a French

general medical journal by a physician. In the paper, this algorithm is justified by scientific explanations and by the way the physician combined scientific explanations in order to develop a strategy.