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Par délibération en date du 3 mars 1967, la faculté a arrêté que les opinions émises

dans les dissertations qui lui seront présentées doivent être considérées comme propres à

leurs auteurs et qu’elle n’entend leur donner aucune approbation ni improbations.
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Abstract

Purpose

Intensive care medicine is a recent medical specialty formalized in the 1950s. It has the

particularity of being a multidisciplinary specialty at the intersection of several medical

fields and its literature reflects this multidisciplinary. However, the proportion of each

field in this literature and their trend dynamics are not known. The objective of this

study was to analyze the intensive care medicine literature, extract latent topics and look

for the presence of research trends using topic modeling algorithms.

Methods

The text of titles and abstracts of original articles from the top intensive care journals,

from their inception until December 31st, 2019, were included. After pre-processing, this

corpus was fed into a structural topic modeling algorithm to extract latent semantic topics.

Topics were labeled by a panel of experts composed of intensive care physicians from

different specialties. The temporal distribution was then analyzed and the presence of

trends was searched by Mann-Kendall trends tests.

Results

49,276 articles from 10 journals were retrieved. After topic modeling analysis and

experts’ feedback, 124 research topics were selected and labeled. Topics were categorized

into 19 categories, the most represented being respiratory, fundamental, neurological and

infectious disease research. Increasing trend dynamics have been observed for research on

mechanical ventilation and decreasing trends for cardiopulmonary resuscitation.

Conclusion

This study reviewed all articles from major intensive care medicine journals in a

comprehensive way. It provides a better understanding of the intensive care medicine

research landscape by analyzing temporal evolution of latent research topics in the intensive

care literature.
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Préambule

Définition de la réanimation

La réanimation, également nommée médecine de soins critiques ou médecine de soins

intensifs, est une discipline médicale consistant à prendre en charge des patients qui

présentent ou sont susceptibles de présenter une ou plusieurs défaillances d’organes

mettant en jeu le pronostic vital. Il s’agit d’une discipline récente dans l’histoire de la

médecine avec des prémices d’organisation de soins critiques au milieu du dix-neuvième et

début du vingtième siècle et qui a été complètement formalisée dans les années 1950.

Le cœur de la réanimation repose sur le concept d’assurer le retour à l’homéostasie,

c’est-à-dire le retour à une forme de stabilité des différents systèmes de l’organisme. De

ce fait, la réanimation prend en charge des patients présentant des défaillances d’organes

sévères (insuffisance rénale aiguë, détresse respiratoire aiguë, états de choc, arrêt cardio-

circulatoire, etc. . . ) nécessitant à la fois une prise en charge thérapeutique de la cause

de cette défaillance mais également une suppléance de l’organe défaillant mettant en jeu

le pronostic vital. Nous pouvons citer par exemple la mise en place d’une ventilation

mécanique ou d’une épuration extra-rénale.

On distingue actuellement plusieurs types de services de réanimation : les réanima-

tions médicales, chirurgicales, polyvalentes (médicales et chirurgicales), les réanimations

spécialisées par organes (neurochirurgicale, cardiochirurgicale), les unités de surveillance

continue (USC) et les unités de soins intensifs (USI) d’organe (unité de soins intensifs

neurovasculaires, cardiologiques, hépato-gastro-entérologiques principalement). La pra-

tique de la réanimation n’est pas limitée aux seuls services de réanimation mais fait partie

intégrante de la prise en charge aiguë du patient grave dans les services d’accueil des
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urgences ou en médecine pré-hospitalière par les équipes des services mobiles d’urgence et

de réanimation (SMUR).

De ce fait la réanimation est une discipline exercée par des médecins provenant de

plusieurs spécialités. En France, elle est exercée par des médecins issus des filières

anesthésie-réanimation et médecine péri-opératoire (ARMPO), médecine intensive réani-

mation (MIR), médecine d’urgence (MU) ainsi que des spécialités d’organe (neurologie,

cardiologie, hépato-gastro-entérologie) [1].

La réanimation n’est toutefois pas qu’une affaire de médecins. Ce qui caractérise

l’organisation des services de réanimation et de soins intensifs est un ratio accru d’infirmiers

diplômés d’État (IDE) et d’aides-soignants (AS) par patient. En effet, le code de la santé

publique impose un minimum de 2 IDE pour 5 patients et 1 AS pour 4 patients [2].

Il n’est pas reconnu à l’heure actuelle de diplôme spécifique pour les IDE exerçant en

réanimation mais une formation pratique sur le terrain est nécessaire pour appréhender

la complexité de la gestion du patient en soins critiques et du maniement des différentes

thérapeutiques de suppléance. Un statut d’infirmier en pratique avancée de réanimation

est actuellement en travaux au Ministère des Solidarités et de la Santé et devrait être mis

en place prochainement.

Ainsi la réanimation est une spécialité hybride à la croisée de plusieurs spécialités et

exercée par des praticiens de diverses formations académiques.
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Une brève histoire de la réanimation

L’histoire moderne de la réanimation commence dans les années 1950, cependant des

prémices d’organisation de filières de soins critiques sont retrouvées au milieu de dix-

neuvième siècle et début du vingtième siècle, principalement dans les secteurs chirurgicaux.

En 1850, durant la guerre de Crimée, Florence Nightingale, pionnière des soins infirmiers

modernes, a l’idée de séparer les patients les plus graves pour les rapprocher des postes de

soins infirmiers et ainsi d’assurer une surveillance rapprochée [3]. En 1923, le Dr Walter

E. Dandy, un des pères fondateurs de la neurochirurgie moderne, crée à l’hôpital Johns

Hopkins (Baltimore, USA) une unité de soins intensifs post opératoires de neurochirurgie

avec une équipe d’infirmiers spécialement formés. En 1930, le Dr Martin Kirschner crée

une unité de soins intensifs dans le service de chirurgie de l’Université de Tübingen

(Allemagne). Enfin, pendant la deuxième guerre mondiale des unités spécialisées sont

créées pour prendre en charge les soldats blessés les plus graves [4].

Le vrai tournant pour la réanimation est l’année 1952 et l’épidémie de poliomyélite qui

fait rage au Danemark. Des centaines de patients atteints de poliomyélite présentent un

tableau de détresse respiratoire aiguë consécutif à une paralysie des muscles respiratoires

parfois associée à une atteinte de la commande centrale respiratoire. L’hôpital Blegdam

de Copenhague ne possède alors que quelques « poumons d’acier », appareil de ventilation

mécanique à pression négative et ancêtre des respirateurs artificiels modernes. Le taux

de mortalité en cas de défaillance respiratoire était de 85 à 90%. Le professeur Lassen,

médecin chef de l’hôpital Blegdam, fait alors appel au Dr Bjorn Ibsen, médecin anesthésiste,

afin de trouver une solution pour prendre en charge les patients en détresse respiratoire

[5].

En 1953, Ibsen a l’idée de réaliser chez ces patients une trachéotomie, une procédure
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pratiquée seulement depuis quelques années à Copenhague, et de les assister sur le plan

respiratoire en les ventilant à la main grâce à des ballons autogonflants [6]. La technique

est un succès et permet de réduire le taux de mortalité à 40%. Des centaines d’étudiants

en médecine et de médecins vont se relayer pendant toute la durée de l’épidémie pour

ventiler à la main les patients atteints de défaillance respiratoire. Cela donne l’idée à Ibsen

de créer des unités médicales spécialisées dédiées à ces patients avec des équipes médicales

et paramédicales spécialisées. Ainsi la réanimation moderne est créée en décembre 1953

[7]. Le terme français de « réanimation » est créé cette même année par Jean Hamburger,

chirurgien à l’origine de la première transplantation rénale en France.

Le concept d’unités de réanimation va ensuite progressivement s’exporter dans les

pays occidentaux et va connaître une progression technologique très rapide. Le pre-

mier respirateur artificiel électrique, l’Engström 150, est mis au point en 1954 [8]. Les

respirateurs vont ensuite se complexifier avec la mise en place de pression expiratoire

positive et le développement de nombreux modes de ventilation. D’autres techniques de

suppléance d’organes vont voir le jour comme l’épuration extra-rénale, ou la circulation

extra-corporelle. En parallèle, les techniques diagnostiques évoluent avec le développement

de nouvelles analyses biologiques (gaz du sang artériels, biomarqueurs), des systèmes de

monitorage hémodynamique par cathétérisme (sonde de Swan-Ganz, thermodilution trans-

pulmonaire) ou l’imagerie médicale au lit du malade avec l’échographie. Le développement

de ces techniques permet de prendre en charge au fur et à mesure des années des patients

de plus en plus graves et présentant des défaillances autres que respiratoires ou mélangeant

plusieurs types de défaillances à la fois.
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La recherche en réanimation

La réanimation a connu de nombreux développements récents tant sur le plan diagnostique

que thérapeutique. Ces développements se sont faits grâce à une connaissance accrue

de la physiologie humaine et grâce à un développement technologique important. Un

enseignement spécifique de la réanimation a alors vu le jour avec le développement d’un

nouveau champ de la recherche médicale. Le premier internat de réanimation est créé

aux États-Unis d’Amérique en 1962 à l’Université de Pittsburgh. La première société

savante de réanimation et de soins intensifs à voir le jour est la “Society of Critical Care

Medicine” (SCCM) américaine fondée en 1970 [9]. En Europe, la “European Society of

Intensive Care Medicine” (ESICM) est créée en 1982.

Si les premiers articles de réanimation étaient initialement publiés dans des revues

généralistes comme l’article de Lassen en 1953 dans le Lancet [6], des revues dédiées à

la réanimation ont vu le jour. Critical Care Medicine, le journal de la SCCM, était la

première revue de réanimation et a été publiée pour la première fois en 1973. La création

de nouveaux journaux de réanimation et l’incorporation du domaine de la réanimation

dans des revues préexistantes s’est ensuite poursuivie durant la fin du vingtième et le

début du vingt-et-unième siècle.

Objectifs de la thèse

Comme nous venons de le voir, la réanimation est une discipline très vaste à l’interconnexion

de plusieurs autres spécialités médicales. De ce fait, la recherche en réanimation est

également multidisciplinaire et réalisée par des praticiens de différentes filières. La

représentation de ces différentes spécialités dans la littérature de réanimation et leur

évolution au cours du temps ne sont pas connues. L’objectif de ce travail est d’explorer la
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littérature scientifique de la réanimation, de dégager les grandes thématiques retrouvées

dans cette littérature représentant la diversité des sous-spécialités de la réanimation et

d’en analyser les tendances de publication au cours du temps. Cette thèse propose de

mieux comprendre le paysage de la recherche en réanimation en observant l’évolution des

thèmes de recherche au cours du temps.
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Trends in intensive care medicine research: a machine

learning approach

Introduction

Intensive care (or critical care) medicine is a medical discipline involving the management

of patients who have or are likely to have one, or more, life-threatening organ failure(s). It

is one of the fastest growing medical specialties and it is also one of the newest. Premises of

intensive care units (ICUs) were found in the mid-19th century and at the beginning of the

20th century but it was in the 1950’s with the poliomyelitis epidemic in northern Europe

that the modern history of intensive care medicine began [6]. ICUs had then developed in

the world and some had specialized with the development of ICUs dedicated to surgical or

medical pathologies or to certain organ diseases (e.g., neurosurgical, cardio-surgical ICUs).

Intensive care also has the particularity of being practiced by physicians from various

specialties such as anesthesiology, internal medicine, surgery or emergency medicine.

Intensive care medicine had undergone significant evolution due to an increased

understanding of human physiology and pathophysiological mechanisms but also due to

an impressive technological development [4]. The elaboration of new monitoring and life

support devices had been important and fast leading to the current modern units [10].

The expansion of intensive care medicine and the care of new pathologies, such as the

acute respiratory distress syndrome first described in 1967, required the implementation of

evidence-based practices. A new field of academic research had thus emerged and medical

societies and journals dedicated to intensive care had been created. The first intensive

care society to be founded was the Society of Critical Care Medicine in 1970 in the United

States of America. Its associated journal, Critical Care Medicine, was first published in
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1973 [9]. The creation of new journals dedicated to intensive care then continued during

the end of the 20th century and the beginning of the 21st.

Machine learning and artificial intelligence have also undergone a rapid development

since the end of the 20th century and are more and more applied to medicine and especially

to intensive care [11]. Natural language processing (NLP) is a field of artificial intelligence

which focus on the interaction between the computer and the human language. Its use

has spread in medicine to allow free text analysis of electronic health records. Several

applications have been developed in intensive care to improve the triage of critical patients,

the prediction of outcomes or to help the clinician by suggesting diagnoses or clinical

events to be considered [12]. Topic modeling is a kind of NLP algorithm that allows to

have a good understanding of a large volume of textual data by extracting latent semantic

topics [13].

As we have seen, intensive care is a broad medical discipline at the interconnection of

several medical specialties. As a result, research in intensive care is also multidisciplinary

and performed by practitioners from different fields. The proportion of these specialties in

the intensive care literature, and especially the evolution of the proportion of each field of

research over time are not known. The objective of this study was to explore the intensive

care literature using topic modeling, to understand the evolution of intensive care research

topics over the years by identifying topics representing the different subspecialties of

intensive care and to analyze the publication trends over time. The purpose was to gain a

better understanding of the intensive care research landscape by looking at the temporal

evolution of research themes.
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Methods

Journals selection

Intensive care journals were selected from the list of journals in the “Critical Care Medicine”

category of the Journal Citation Reports (JCR) [14]. In order to discriminate the main

journals of the discipline it was decided to select those with an Impact Factor (IF) in 2018

higher than 3. IF is a bibliometric indicator that quantifies the visibility of a scientific

journal. It corresponds to the average of citations fort articles published in a journal

during the previous two years (in other journals and in this one). The IF threshold was

arbitrarily chosen by the authors as a way to discriminate the main journals in the field.

Some of the journals have evolved over time and in particular have changed their name

over de years. The current journal of the European Society of Intensive Care, Intensive

Care Medicine (ICM), was previously named the European Journal of Intensive Care

Medicine (EJICM) from its foundation in 1975 to finally change its name to ICM in

1977. It was decided in this case to include EJICM in the list of selected journals since

it represents an editorial continuity with ICM. In the case of the American Journal of

Respiratory and Critical Care Medicine (AJRCCM), the journal was founded in 1917 as

the American review of tuberculosis, then became the American review of respiratory

disease in 1959 and finally AJRCCM in 1994. It was decided to keep only the AJRCCM

since the previous journals did not concern the field of intensive care. The journal Chest is

indexed in the “Critical Care Medicine” category of the JCR with an IF in 2018 of 9.657.

However, this journal is mainly a pulmonology journal and proposes very marginally

intensive care articles. It was decided not to include this journal.

20



Data collection

All articles published in the selected journals from their creation until December 31st 2019

were included. It was decided to stop the inclusion period at the end of 2019 in order to

avoid the year 2020 which represent a particular period in terms of changes in publication

topics, especially in the field of intensive care, due to the SARS-CoV-2 global pandemic.

Titles, abstracts, dates of publication, types and journals of the selected articles

were retrieved in a semi-automated way using the Entrez Application Programming

Interface (API) from the MEDLINE database. MEDLINE (Medical Literature Analysis

and Retrieval System Online) is a bibliographic database of medical and biological science

journals manages by the United State National Library of Medicine. This database is

commonly used by biology and medicine researchers around the world using the PubMed

search engine (https://pubmed.ncbi.nlm.nih.gov/) developed by the National Center for

Biotechnology Information (NCBI). An API (Application Programming Interface) is a

standardized set of functions that serve as a front end for using the services of a software

or a web service. Data from the selected articles abstracts were retrieved by HTTP

(Hypertext Transfer Protocol) requests to the Entrez public API provided by NCBI via an

extraction code. For some articles, the text of the abstract was not available on PubMed

and in this case the extraction program tried to retrieve it from the journal’s website when

it was available. Only articles with a complete title and abstract were included in the

analysis. Several types of journal publications are indexed in MEDLINE (e.g., editorials,

articles, letters), only publications of the type “journal article” had been kept.

The data extraction via the Entrez API and the structuring of the extracted data was

done in Python (version 3.7.1) with the packages requests, grequests, BeautifulSoup

and pandas. Main steps of this thesis workflow are detailed in Figure 1.

21

https://pubmed.ncbi.nlm.nih.gov/


Figure 1: Main steps of the analysis workflow
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Data preprocessing

Titles and abstracts of the collected articles were merged and then preprocessing functions

were applied: conversion to lower case, punctuation and stop words removal. Stop words

are common words in the English language that do not carry meaning (e.g., pronouns,

articles, adverbs). The list of removed stop words came from 3 lexicons commonly used in

NLP (Onix, SMART and Snowball) to which were added custom words. Textual data

were then tokenized and transformed to a document-term frequency matrix.

Topic modeling

A topic model is a NLP machine learning technique for unsupervised classification of

documents [13]. It is a statistical algorithm that aims to find latent semantic topics in

a corpus of textual documents. Several topic modeling algorithms have been described

[15]. Structural topic modeling (STM) algorithm was chosen as it is one of the most

recent described algorithm and it allows topics to be correlated [16]. The number of

topics k is a fixed parameter that has to be defined in advance to set up the algorithm.

Several models had been trained on the whole dataset with increasing k in steps of 20

starting at 20 up to 200. Several ways of model tuning had been described [17]. We

had chosen to evaluate models’ residuals and semantic coherence as metrics to optimize

[18]. A number of 140 topics was chosen as residuals were minimal at k = 140 although

semantic coherence continued to decrease until 200. The STM algorithm then calculated

the gamma probability of each topic to belong to an article. A topic was assigned to

an article if gamma > 0.10. An article can thus be associated with one or more topics.

Models were computed in R using the stm package [19] and executed on an Amazon Web

Service instance.
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Labeling latent topics

In order to identify and label these latent topics, a panel of experts was convened. The

experts’ panel was composed of five senior intensive care physicians from the Rouen

University Hospital (Normandy, France), two from the Surgical Intensive Care Unit (EO,

TC), two from the Medical Intensive Care Unit (DC, SG) and one from the Neurosurgical

Intensive Care Unit (AB). Each expert received a questionnaire presenting successively a

group of ten words most represented in each topic and was asked to define if the topic

was relevant and should be kept and to name the underlying topic associated with these

words. Finally, two authors (BP, TC) reviewed the experts’ proposals and validated the

most consensual proposal for each topic. BP and TC also grouped identified topics into

categories representing the topic’s field of study. Each topic could be assigned up to two

categories.

Descriptive and trend analyses

Overall frequencies of identified categories were calculated by dividing the number of

published articles containing a topic of the category on the total number of articles. The

frequency of publication for each latent topic was calculated by dividing the number of

articles in this topic for a year to the total number of articles published in the same year.

Results are expressed in terms of counts and percentages. The publication frequencies

are represented as line plots with a linear regression line to visualize the global trend.

The proportions of articles in each category published in multidisciplinary intensive care

journals (as opposed to thematic journals specializing in one field of intensive care) were

calculated in order to study their publication profiles.

To identify statistically significant increasing or decreasing trend over time, Mann-
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Kendall trend test was used. It is a non-parametric test used to determine whether a

monotonic trend exists, or not, in a time series [21]. Considering the multiplicity of tests,

a Bonferroni correction was applied to reduce the risk of type I error.

All statistical analyses were performed using R version 4.0.2 (R Foundation for Sta-

tistical Computing, Vienna, Austria). The source code for analyses was made publicly

available online prior to publication (https://gitlab.com/benpopoff/trends-in-icu).
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Results

Ten intensive care journals were finally selected. The list of selected journals and their

characteristics are detailed in Table 1. A total of 75,145 articles were screened and 49,276

articles were finally included for analysis (Figure 2).

Screened articles
(n = 75,145)

Included for analysis
(n = 49,276)

Excluded (n = 25,869)
- Failed to import (n = 290)
- Missing abstract (n = 6,827)
- Other than journal article (n = 18,752)

Figure 2: Flow chart of articles selection

Descriptive analyses

The distribution of the number of published article each year is represented in Figure

3. During the studied period 1975-2019, a continuous increase in the annual number of

articles published was observed with a strong increase from the mid-1990s. The median

number of articles published each year was 92 [73-117] in the 1970s, 290 [214-306] in the

1980s, 1194 [424-1312] in the 1990s, 1733 [1659-1834] in the 2000s and 1896 [1868-1944] in

the 2010s. This increase was mainly due to the arrival of newcomers such as AJRCCM,

Shock and CC in the 1990s and LRM and AIC in the 2010s.
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Table 1: Bibliometric characteristics of the selected source journals.

Journal Impact
factor

Creation year
(- Dissolution year)

Published
articles

Lancet respiratory medicine (LRM) 22.992 2012 2023
Intensive care medicine (ICM) 18.967 1977 11024
American journal of respiratory and critical
care medicine (AJRCCM)

16.494 1994 15638

Critical Care Medicine (CCM) 6.971 1973 21251
Critical Care (CC) 6.959 1997 7026
Resuscitation 4.573 1972 7819
Annals of intensive care (AIC) 3.931 2011 774
Journal of neurotrauma (JN) 3.754 1988 4693
Shock 3.083 1994 4842
European journal of intensive care medicine
(EJICM)

- 1975 – 1977 55
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Figure 3: Distribution of the number of published articles by year and by journal
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The structural topic model with the best metrics was obtained with a number of 140

topics. After agreement among the panel experts, 16 topics were considered irrelevant

or non-specific and 124 topics were labeled. The list of selected labeled topics and their

associated terms is presented in Table 2.
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Table 2: Latent topics

Topic Frequency (%) Label Words Category

2 0.89 emergency medicine triage emergency, department, series, ed, medicine, triage, departments, selected, presentation,
article

emergency medicine

3 0.51 acute respiratory distress syndrome acute, respiratory, syndrome, distress, developed, network, acutely, development, onset,
severity

respiratory

5 1.65 acute exacerbation of chronic
obstructive pulmonary disease

chronic, copd, pulmonary, disease, obstructive, exacerbations, exacerbation, severe, stable,
moderate

respiratory

6 1.88 vasopressor agents and septic shock shock, septic, vasopressin, vasopressor, norepinephrine, ne, hemodynamic, vasopressors,
avp, survivors

hemodynamics, infectious diseases

8 1.87 hemodynamics pressure, arterial, blood, hg, mmhg, map, abdominal, hemodynamic, intra, hypotension hemodynamics

9 1.29 inflammation in burn patients alpha, tnf, factor, necrosis, tumor, burn, alpha, beta, increased, burned miscellaneous
10 1.55 intravenous fluids therapy saline, albumin, solution, volume, hypertonic, ml, hes, solutions, ns, resuscitation hemodynamics
11 2.86 severity scores score, ii, scores, severity, physiology, apache, mortality, evaluation, admission, iii scores
12 1.15 interstitial lung disease lung, chest, pulmonary, pleural, interstitial, resolution, biopsy, findings, pneumothorax,

fibrosis
respiratory

13 1.36 cardiopulmonary resuscitation
(guidelines)

resuscitation, life, support, guidelines, basic, advanced, bls, als, training, cardiopulmonary resuscitation

14 3.75 experimental model of head trauma brain, injury, tbi, rats, traumatic, cortical, neuronal, days, cortex, post neurology
15 1.19 computerized medical systems system, device, systems, devices, computer, automated, time, closed, delivery, access miscellaneous
16 2.29 medico-economic analysis cost, hospitals, costs, health, healthcare, icus, utilization, national, resource, united statistics
17 1.38 training and simulation training, performance, skills, participants, simulation, students, assessment, residents,

learning, trained
training

18 0.59 impedancemetry impedance, electrical, ap, electrode, regional, current, eit, electrodes, tomography, ma hemodynamics

19 2.22 statistical models model, data, models, based, analysis, individual, variables, validation, set, prediction statistics
20 1.43 molecular biology dna, reaction, human, chain, polymerase, proteins, pcr, molecular, specific, samples fundamental
21 1.00 tracheotomy (surgical and

percutaneous)
surgical, complications, major, procedure, procedures, tracheostomy, complication,
performed, occurred, percutaneous

respiratory

22 1.28 intra-hospital vital emergency events, adverse, team, response, vital, transfer, signs, ward, rapid, event resuscitation
23 1.92 experimental model of sepsis sepsis, mice, clp, survival, ligation, cecal, puncture, mortality, model, sham fundamental, infectious diseases

24 1.09 anticoagulation in continuous renal
replacement therapy

heparin, bleeding, hemofiltration, continuous, anticoagulation, thrombocytopenia, citrate,
cvvh, venous, therapy

nephrology

25 1.57 sedation-analgesia sedation, delirium, pain, propofol, scale, midazolam, assessment, critically, morphine,
analgesia

drug therapies

26 1.71 cardiopulmonary arrest resuscitation, cardiac, arrest, cardiopulmonary, min, epinephrine, dogs, resuscitated, post,
mins

resuscitation

27 1.09 experimental model of pulmonary
pathologies

surfactant, sp, pc, liquid, plv, lung, rabbits, lambs, lavage, animals fundamental, respiratory

28 1.16 renal function renal, clearance, creatinine, function, urine, urinary, dialysis, excretion, urea, filtration nephrology
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29 1.09 hemodynamic monitoring by
thermodilution

output, cardiac, thermodilution, measurements, min, water, ml, extravascular, technique,
evlw

hemodynamics

30 2.45 hepatic ischemia-reperfusion ischemia, reperfusion, injury, liver, hepatic, ischemic, induced, rats, min, damage miscellaneous
31 2.07 mechanical ventilation weaning ventilation, breathing, weaning, mechanical, support, ventilatory, pressure, extubation,

ventilator, spontaneous
respiratory

32 1.74 pulmonary hypertension pulmonary, vascular, hypertension, resistance, arterial, systemic, pah, artery, endothelin,
increased

respiratory

33 2.42 pro-inflammatory cytokines il, inflammatory, interleukin, cytokine, cytokines, anti, production, gamma,
proinflammatory, mediators

fundamental

34 1.09 pre-hospital medicine prehospital, pre, ems, transport, services, emergency, service, data, ambulance, scene emergency medicine
35 3.81 mechanical ventilation ventilation, pressure, peep, volume, tidal, positive, expiratory, cm, lung, mechanical respiratory
36 1.60 severe acute asthma (corticosteroid

treatment)
asthma, inhaled, corticosteroids, treatment, corticosteroid, placebo, steroid, daily, severe,
wk

respiratory

37 1.23 healthcare-associated infections and
bacterial resistance

resistant, aeruginosa, aureus, pseudomonas, bacterial, staphylococcus, strains, infection,
isolates, strain

infectious diseases

38 2.21 ethics physicians, decision, life, decisions, physician, survey, treatment, nurses, intensivists,
consent

ethics

39 2.27 endothelial leukocyte adhesion endothelial, neutrophil, neutrophils, adhesion, leukocyte, cell, pmn, molecule, selectin,
leukocytes

fundamental

40 1.65 obstructive sleep apnea syndrome sleep, apnea, osa, obstructive, airway, cpap, breathing, index, upper, hypopnea respiratory
41 0.87 guidelines from medical societies criteria, met, international, american, inclusion, society, consensus, definition, european,

classification
miscellaneous

42 1.23 exposure to air pollution and
occupational toxics

exposure, air, exposed, ozone, pollution, exposures, effects, workers, dust, particles respiratory

43 1.28 head trauma injury, blast, injuries, head, axonal, brain, hematoma, intracerebral, ich, model neurology

44 1.34 ECLS in respiratory failure extracorporeal, oxygenation, ecmo, membrane, support, covid, severe, refractory, life, ecls respiratory
45 1.74 genomic analysis gene, genetic, genes, association, susceptibility, identified, polymorphisms, allele, variants,

genotype
fundamental

46 3.98 neurological prognosis after
cardiopulmonary arrest

cardiac, arrest, ohca, elsevier, reserved, rights, ca, post, outcomes, neurological neurology

47 1.88 subarachnoid hemorrhage and
cerebral perfusion

cerebral, intracranial, brain, pressure, icp, cbf, perfusion, hemorrhage, subarachnoid, cpp neurology

48 1.55 ventilator acquired pneumonia
(bacteriology)

vap, negative, gram, bacteria, cultures, positive, tract, culture, colonization, bacterial infectious diseases, respiratory

49 1.21 cardiac massage in resuscitation cpr, compression, chest, cardiopulmonary, min, decompression, standard, resuscitation,
perfusion, coronary

resuscitation

52 0.95 post-traumatic stress disorder (post
digestive bleeding)

stress, symptoms, depression, anxiety, disorder, bleeding, ptsd, gastrointestinal, risk,
psychological

miscellaneous

53 2.12 practice evaluation and protocols
implemantation

intervention, protocol, period, management, implementation, time, interventions, control,
based, icus

miscellaneous

54 1.13 fungal infections invasive, candida, fungal, meningococcal, antifungal, therapy, infection, critically,
treatment, candidemia

infectious diseases

30



55 3.33 head trauma injury, trauma, brain, traumatic, tbi, severe, severity, head, injured, glasgow neurology

56 2.22 functional respiratory explorations lung, function, capacity, fvc, fev, predicted, decline, obstruction, volume, ml respiratory
57 2.22 inflammatory response lps, lipopolysaccharide, induced, production, nf, endotoxin, activation, factor, kappab,

nuclear
fundamental

58 1.32 diaphragmatic function diaphragm, stimulation, delta, activity, inspiratory, muscles, diaphragmatic, muscle,
respiratory, fatigue

respiratory

59 2.51 oxidative stress oxide, nitric, synthase, oxidative, inos, arginine, stress, production, antioxidant, superoxide fundamental
60 3.78 review, meta-analysis,

recommendations
review, trials, systematic, meta, analysis, recommendations, evidence, included, quality,
outcomes

miscellaneous

61 1.19 airway management (intubation) intubation, airway, mask, tracheal, bag, success, laryngeal, endotracheal, management, tube respiratory
62 0.97 micro nutrition serum, vitamin, iron, total, dl, calcium, concentrations, potassium, magnesium, critically metabolism
64 1.09 viral pneumopathies infection, virus, influenza, respiratory, viral, rsv, infected, infections, pandemic, severe infectious diseases, respiratory
65 0.91 pharmacokinetics and

pharmacodynamics
dosing, concentrations, pharmacokinetics, critically, concentration, pharmacokinetic,
continuous, clearance, vancomycin, methylprednisolone

drug therapies

66 2.32 diagnostic test (assessment) diagnosis, sensitivity, diagnostic, positive, predictive, specificity, test, negative, accuracy,
detection

statistics

67 0.80 inflammation during cerebrospinal
infections

csf, pct, procalcitonin, cerebrospinal, gm, granulocyte, colony, stimulating, fluid, meningitis infectious diseases, neurology

68 2.13 neurological sequelae after head
trauma

cognitive, tbi, injury, mtbi, post, brain, traumatic, mild, memory, deficits neurology

69 2.68 pathophysiology of asthma (bronchial
inflammation)

airway, asthma, bronchial, inflammation, airways, allergen, allergic, cells, subjects, sputum respiratory

70 1.86 prognosis after cardiac arrest survival, rosc, spontaneous, return, circulation, resuscitation, arrest, cardiac, discharge,
initial

resuscitation

71 1.09 airway management (intubation) tube, tracheal, endotracheal, aspiration, ventilated, intubated, tubes, cuff, ett, mechanically respiratory

72 1.56 neurophysiological evaluation of coma recovery, death, eeg, brain, evoked, coma, status, potentials, seizures, consciousness neurology
73 1.96 experimental model of hemorrhagic

shock
shock, hemorrhagic, hemorrhage, resuscitation, hs, blood, rats, trauma, volume, min fundamental, hemodynamics

74 0.89 catheter-related infections catheter, central, venous, catheters, related, infection, bloodstream, site, days, insertion infectious diseases
75 1.47 endothelium growth, factor, fibrosis, beta, tgf, vegf, endothelial, beta, ang, fibroblasts fundamental
76 2.68 cardiac dysfunction after myocardial

infarction
myocardial, ventricular, cardiac, heart, left, function, coronary, infarction, dysfunction, lv cardiology

77 1.19 pharmacological treatments of sepsis sepsis, severe, mortality, surviving, statin, severity, activated, related, alfa, drotrecogin drug therapies
78 1.18 respiratory complications of smoking smokers, lung, smoke, cigarette, emphysema, cells, lungs, smoking, alveolar, epithelial respiratory
79 1.25 acute respiratory distress syndrome ards, distress, syndrome, respiratory, ali, severe, adult, pp, moderate, onset respiratory
80 1.14 response to fluid loading volume, index, stroke, fluid, responsiveness, cardiac, responders, pulse, increase, variation hemodynamics
81 3.73 therapeutic studies trial, randomized, controlled, placebo, versus, primary, difference, safety, treatment, efficacy drug therapies

82 1.85 peri-operative cardiac surgery surgery, postoperative, cardiac, undergoing, bypass, cardiopulmonary, cpb, operative,
peptide, preoperative

cardiology

83 1.97 ventilator acquired pneumonia
(antibiotic therapy)

pneumonia, infection, acquired, infections, antibiotic, therapy, ventilator, nosocomial,
antibiotics, community

infectious diseases, respiratory
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85 1.56 diaphragmatic dysfunction and
mitchodrial damage.

mitochondrial, membrane, mechanical, dysfunction, induced, diaphragm, fiber,
mitochondria, function, fibers

fundamental, respiratory

86 1.31 blood transfusion blood, transfusion, hemoglobin, red, cell, rbc, cells, transfusions, hb, anemia hemostasis/Transfusion
87 1.41 neurological prognosis after cerebral

aggression
outcome, poor, neurological, prognostic, neurologic, prognosis, outcomes, favorable, month,
predictors

neurology

88 1.99 coagulopathy platelet, coagulation, factor, activation, pancreatitis, activated, inhibitor, complement,
fibrinogen, coagulopathy

hemostasis/Transfusion

89 0.88 ultrasound for vascular access ultrasound, vein, venous, internal, jugular, diameter, femoral, carotid, guided, vena ultrasound
90 1.14 lung transplantation and idiopathic

pulmonary fibrosis
transplantation, lung, ipf, transplant, recipients, donor, donors, idiopathic, fibrosis, survival respiratory

91 2.51 mechanical ventilation (physiology,
ventilatory mechanics)

flow, pressure, volume, inspiratory, expiratory, respiratory, airway, compliance, cm,
resistance

respiratory

93 2.66 pharmacology of cardiotropic drugs receptor, induced, antagonist, adenosine, receptors, calcium, beta, response, release,
mediated

drug therapies

94 2.42 immune response immune, cells, expression, cell, blood, response, host, responses, monocytes, peripheral fundamental
95 1.24 heart catheterization artery, pulmonary, aortic, catheter, occlusion, pa, balloon, left, catheters, atrial cardiology
96 0.43 genomics ss, ha, polymorphisms, genotype, polymorphism, nucleotide, adma, gene, increased, od fundamental
97 0.86 fluid overload fluid, edema, balance, embolism, fluids, pulmonary, pe, overload, massive, pregnancy cardiology, hemodynamics
98 1.14 tuberculosis tuberculosis, tb, hiv, infection, positive, active, infected, mycobacterium, culture, sputum respiratory, infectious diseases

99 1.28 brain MRI imaging, matter, mri, magnetic, resonance, white, diffusion, regions, brain, structural neurology
100 1.06 multivisceral failure score organ, failure, dysfunction, multiple, liver, sequential, assessment, sofa, system,

cardiovascular
scores

101 2.78 respiratory failure (pulmonary edema) lung, injury, induced, lungs, alveolar, pulmonary, ali, tissue, increased, edema respiratory
102 1.33 interstinal permeability (digestive

translocation)
intestinal, gut, permeability, mesenteric, barrier, mucosal, lymph, bacterial, translocation,
epithelial

infectious diseases

103 2.05 respiratory complications of smoking asthma, smoking, risk, symptoms, age, respiratory, childhood, wheeze, yr, participants respiratory

104 1.21 cardiopulmonary resuscitation chest, compression, cpr, compressions, depth, quality, cc, rate, resuscitation, min resuscitation
106 2.81 gas exchange measurement oxygen, gas, arterial, hypoxia, saturation, exchange, delivery, venous, consumption, carbon respiratory
107 0.96 cystic fibrosis cf, fibrosis, cystic, cftr, airway, sputum, bronchiectasis, mucus, bone, clearance respiratory
108 1.68 hypothermia hypothermia, temperature, degrees, therapeutic, cooling, mild, core, hypothermic,

rewarming, heat
metabolism

109 1.51 bronchoalveolar lavage lavage, bronchoalveolar, bal, fluid, alveolar, balf, mmp, pulmonary, matrix, activity respiratory

110 0.53 obesity (morphological indices) body, weight, mass, index, obese, bmi, obesity, abstract, words, normal miscellaneous
111 1.01 biological markers of the

inflammatory response
protein, response, systemic, inflammatory, inflammation, markers, biomarkers, biomarker,
phase, reactive

fundamental

112 1.01 glycemic control glucose, insulin, blood, diabetes, control, hyperglycemia, dl, mmol, hypoglycemia, critically metabolism
113 2.41 duration of mechanical ventilation days, day, median, stay, duration, length, range, mechanical, time, ventilation respiratory
114 1.43 acute kidney injury and renal

replacement therapy
kidney, aki, injury, acute, renal, replacement, therapy, stage, rrt, critically nephrology

115 0.86 lipid metabolism acid, lipid, fatty, diet, oil, acids, prostaglandin, fat, fed, bile metabolism
118 3.93 cellular signaling expression, protein, apoptosis, mrna, kinase, signaling, activation, induced, pathway, gene fundamental
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120 1.15 cortisol metabolism cortisol, hormone, adrenal, insufficiency, igf, female, glucocorticoid, dexamethasone,
response, females

metabolism

121 1.49 bronchial reactivity test inhalation, induced, airway, challenge, histamine, response, inhaled, methacholine,
bronchoconstriction, guinea

respiratory

122 2.46 tissue perfusion and microcirculation flow, blood, perfusion, tissue, systemic, microvascular, microcirculation, microcirculatory,
regional, extraction

hemodynamics

124 1.13 lung cancer ct, cancer, computed, tomography, lung, scan, lesions, scans, screening, stage respiratory
125 1.95 communication between caregivers

and families
family, quality, communication, research, palliative, team, satisfaction, families, barriers,
information

ethics

126 1.26 enteral feeding gastric, nutrition, enteral, feeding, critically, parenteral, nutritional, intake, phi, en metabolism
127 3.81 experimental model of sepsis rats, animals, control, endotoxin, model, hrs, induced, saline, experimental, animal fundamental, infectious diseases
129 1.42 energy metabolism metabolism, metabolic, energy, amino, glutamine, pyruvate, lactate, glucose, increased,

glutamate
metabolism

130 1.85 pediatric intensive care children, pediatric, infants, age, neonatal, picu, neonates, paediatric, adults, birth pediatrics
131 1.39 acid-base balance lactate, ph, acidosis, sodium, mmol, base, metabolic, bicarbonate, acid, gap nephrology
132 1.52 cardiopulmonary resuscitation (out of

hospital)
cpr, cardiac, bystander, arrest, aed, ohca, witnessed, ems, survival, arrests resuscitation

134 1.12 poisoning alcohol, poisoning, toxicity, ethanol, intoxication, severe, peg, overdose, mp, glycol miscellaneous
135 3.01 experimental model of spinal cord

injury
spinal, cord, injury, sci, recovery, motor, rats, nerve, functional, function fundamental, neurology

136 1.40 ventricular rhythm disorders and
treatment (defibrillation)

vf, ventricular, fibrillation, defibrillation, shock, rhythm, ecg, shocks, tachycardia, waveform cardiology

137 0.94 Intensive care acquired
neuromyopathy

muscle, neuromuscular, skeletal, weakness, strength, illness, acquired, blockade, limb,
blocking

neurology

138 1.62 invasive and non-invasive mechanical
ventilation

ventilation, respiratory, failure, mechanical, noninvasive, niv, invasive, hypercapnia,
intubation, rate

respiratory

139 1.99 morbidity and quality of life after
intensive care

term, discharge, survivors, life, months, follow, short, quality, health, status miscellaneous
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Topics had been categorized into 19 categories. The most represented categories were

respiratory, fundamental, neurology and infectious diseases (Figure 4).
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Figure 4: Frequency of topic categories

The five most represented individual topics were topic #46 “neurological prognosis

after cardiopulmonary arrest” (3.98%), topic #118 “cellular signaling” (3.93%), topic #35

“mechanical ventilation” (3.81%), topic #127 “experimental model of sepsis” (3.81%) and

topic #60 “review, meta-analysis, recommendations” (3.78%). By grouping similar topics,

the most prevalent themes in the corpus studied were mechanical ventilation (topics #31,

#35, #91, #113 and #138) with 6117 articles representing 12.4% of all articles, head

injuries (topics #43, #55 and #68) with 3317 articles (6.73%) and resuscitation of cardiac

arrest (topics #13, #49, #104 and #132) with 2611 articles (5.3%).
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The multidisciplinary intensive care journals (Critical Care, Critical Care Medicine,

and Intensive Care Medicine) were then analyzed. These three journals appear to have

similar publication profiles (Figure 5).

Figure 5: Frequency of articles published by category in each multidisciplinary intensive
care journals
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Trends analyses

Trend statistics for topic categories are presented in the following, the full data can be

viewed on the companion website to this thesis (https://benpopoff.shinyapps.io/icu_tre

nd_viewer/).

The annual prevalence of each of the 19 topic categories and the results of the Mann-

Kenndall trend tests are shown in Figure 6. The two-tailed significance threshold was set

at 0.0026 (0.05/19) after Bonferroni correction. The two categories displaying a significant

trend over the period studied are respiratory (positive trend, p < 0.001) and resuscitation

(negative trend, p < 0.01).
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Figure 6: Trend analysis of topic categories
Black dashed lines represent the linear regression lines. P-values calculated by Mann-
Kendall trend tests. Significance threshold set at 0.0026 after Bonferroni correction.
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Discussion

Main results

Research in intensive care medicine is active and continuously expanding. In this study,

we compiled all available abstracts of articles from major intensive care journals for over 40

years. We used a machine learning method, topic modeling, to isolate research topics and

understand their trends over time. This global analysis allows researchers in the field to

have an overview of the research landscape in intensive care medicine and to understand

research dynamics with its fashion effects over time.

Although research in the field of intensive care is vast and multidisciplinary, some topics

are important in terms of the number of articles published. Mechanical ventilation, head

trauma and resuscitation of cardiac arrest together account for almost a quarter of the

articles studied. These subjects have very different trend dynamics with an increase in the

proportion of articles on respiratory topics and a negative trend concerning resuscitation.

Respiratory category represents a large proportion of the intensive care literature and is

strongly increasing over time. Fundamental research is also well represented among the

observed topics. This result was not expected from medical journals but shows the deep

anchorage of intensive care medicine in physiology and pathophysiology to the fundamental

level.

Topic models have existed since the early 2000s and have been used to understand

large sets of texts such as works of fiction, political speeches and also scientific articles

[22]. However, their use in medicine is quite recent. These algorithms have been used,

for example, to understand research on breast cancer [23], to understand the evolution of

research themes in a single journal [24] or understand the different approaches to research

on a particular topic [25]. To our knowledge, this is the first comprehensive analysis of a
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large-scale intensive care literature using topic modeling algorithms.

Limitations

However, our study has several limitations. First of all, concerning the data collection,

many articles were discarded because their abstract was not available on PubMed or

on the journal publisher’s website. These articles are mostly among the oldest and the

absence of available abstracts is due to the difficulties of digitalization of old issues of the

journal. This obviously implies a selection bias and makes it more difficult to interpret

the analyses of the first years of the studied period.

We considered as data sources only the main intensive care journals according to

JCR. However, this excludes intensive care articles published in general journals such

as the New England Journal of Medicine, the Lancet or the Journal of the American

Medical Association. These journals occasionally publish intensive care articles but have

much higher IF and are read by a large number of physicians. The intensive care articles

published in these journals are therefore likely to have a great impact on publication

trends.

There is also a significant prevalence of certain topics such as mechanical ventilation

or cardiopulmonary resuscitation. This is also due to the selection of journals including

thematic journals with a strong predilection for a certain topic such as LRM and AJRCCM

for respiratory diseases, JN for neurological disorders and Resuscitation for heart failure.

Overall, we observed topics concerning the medical side of intensive care. Indeed, apart

from head injuries, few subjects concerning surgical affections or traumatology were

observed. We were surprised not to identify a topic concerning the management of

polytraumatized patients. This may be due to the fact that articles on these topics are
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mainly published in anesthesia and surgery journals that were not included in our study.

Similar research could be pursued by including more journals. Another strategy would be

to include all intensive care articles, regardless of journal, with a keyword search approach

using the PubMed search engine and its public API.
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Conclusion

In this study, we analyzed the abstracts of articles published in the main intensive care

medicine journals and isolated the latent research topics. We observed a publication

dynamic with the evolution of trend of research topics over time. This study provides a

better understanding of the intensive care medicine research landscape. Further studies

with the same methodology would be valuable to refine the analyses by focusing on

research from particular countries or by concentrating on particular journals or topics.
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Abréviations

• AIC: Annals of Intensive Care (journal)

• AJRCCM: American Journal of Respiratory and Critical Care Medicine (journal)

• API: Application Programming Interface

• CC: Critical Care (journal)

• CCM: Critical Care Medicine (CCM)

• EJICM: European Journal of Intensive Care Medicine (journal)

• HTTP: Hypertext Transfer Protocol

• ICM: Intensive Care Medicine (journal)

• IF: impact factor

• JCR: Journal Citation Reports (journal)

• JN: Journal of Neurotrauma (journal)

• LDA: Latent Dirichlet Allocation

• LRM: Lancet Respiratory Medicine (journal)

• MEDLINE: Medical Literature Analysis and Retrieval System Online

• NCBI: National Center for Biotechnology Information

• NLP: natural language processing

• STM: Structural Topic Model
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Résumé

Objectif : La réanimation est une spécialité médicale récente formalisée dans les

années 1950. Elle a la particularité d’être une spécialité multidisciplinaire et sa littérature

scientifique reflète cette multidisciplinarité. Cependant, la représentation de chaque

spécialité médicale dans cette littérature et leur évolution au cours du temps ne sont pas

connues. L’objectif de cette thèse est d’analyser la littérature de réanimation, d’en extraire

les thématiques de recherche et d’observer les tendances en utilisant des algorithmes

d’apprentissage automatique.

Matériel et Méthodes : Les titres et abstracts des articles originaux des principales

revues de réanimation depuis leur création jusqu’au 31 décembre 2019 ont été inclus.

Après prétraitement, ce corpus a alimenté un algorithme de structural topic modeling

pour extraire les thèmes sémantiques sous-jacents. Les thèmes ont été identifiés par un

groupe d’experts composé de médecins réanimateurs de différentes formations. L’évolution

temporelle a ensuite été analysée et la présence de tendances a été recherchée par des

tests de Mann-Kendall.

Résultats : 49276 articles issus de 10 revues ont été inclus. Après extraction et

identification des thèmes, 124 sujets de recherche ont été sélectionnés. Les thèmes ont été

classés en 19 catégories, les plus représentées étant les catégories respiratoire, expérimentale,

neurologie et infectiologie. Des dynamiques de tendance à la hausse ont été observées pour

la recherche sur le thème respiratoire et des tendances à la baisse pour la réanimation

cardio-pulmonaire.

Conclusion : Cette étude a passé en revue de manière exhaustive tous les articles

des principales revues de réanimation. Elle permet de mieux comprendre le paysage de

la recherche en réanimation en analysant l’évolution temporelle des thèmes de recherche

dans la littérature.

Mots clés : réanimation, traitement automatique du langage, apprentissage automa-

tique, bibliométrie
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