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Abstract

Background: Since the appearance of the first report on postoperative cognitive impairment in 1955, the number
of papers focusing on perioperative neurocognitive disorders (PND) has constantly increased, both in the field of
basic science and clinical research. A critical comprehensive review may explore the perception of how noteworthy
PND is for physicians and clinical researchers. The aim of this systematic review is to describe how the clinical
papers published to date with PND as primary or secondary outcome have changed over time in terms of editorial
characteristics.

Results: A literature search was performed on PubMed, Embase, CINAHL, Cochrane, Scopus, and Web of Science
databases, up to March 2021. Human prospective or retrospective clinical studies in which incidence, risk factors,
treatments, or outcomes associated with PND are described among primary or secondary outcomes were included.
A total of 2109 articles were considered.

Conclusions: The bibliometric analysis suggests a stable increase in attention towards PND, particularly in general
surgery adult-elderly patients, and underlines the importance for the clinicians not to underestimate this specific
field.
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Background
Perioperative neurocognitive disorders (PND) are fre-
quent and severe complications occurring worldwide,
particularly in elderly patients undergoing general
anesthesia [1]. Indeed, postoperative delirium (POD) and
postoperative cognitive dysfunction (POCD) are corre-
lated with most of the memory impairments and execu-
tive and cognitive dysfunctions observed after surgery,
both in the short and long term [1]. The associations be-
tween PND and worst surgical outcomes are nowadays
clear, especially in case of unexpected intensive care unit
(ICU) admission, prolonged ICU length of stay, patient

hospitalization, and delayed surgical recovery [2–4].
PND is thus a major focus of current research in the
field of perioperative medicine [5].
Since the first report on postoperative cognitive im-

pairment in 1955 [6], interest in this spectrum of disor-
ders has constantly increased, both in the field of basic
science and clinical research. Over the last decades, pre-
clinical experimental studies in animals and humans
have tried to identify the neuro-psychiatric, pathophysio-
logical mechanisms underlying PND. Moreover, several
clinical studies worldwide have analyzed risk factors,
diagnostic tools, and treatment strategies for PND in a
broad variety of surgical settings [1]. Nonetheless, POD
and POCD are still generally underestimated, underdiag-
nosed, and undertreated in current bedside practice [7].
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Purpose of review
The evaluation of the perception of PND in the different
clinical settings is certainly an issue that deserves more
research attention. A critical comprehensive literature
review, pruned by basic-science and translational medi-
cine, may explore the perception of how noteworthy
PND is for physicians and clinical researchers. The aim
of this systematic review is to describe how the clinical
papers published to date with PND as primary or sec-
ondary outcome have changed over time in terms of edi-
torial characteristics.

Methods
This systematic review has been recorded in the Inter-
national Prospective Register Of Systematic Review
(PROSPERO registration number: CRD42021246906).
A literature search on PubMed, Embase, CINAHL,

Cochrane, Scopus, and Web of Science databases was
conducted up to March 2021, using the following key-
words: “delirium”, “confusion”, “disorientation”, “bewil-
derment”, “postoperative”, “surgery”, and “anesthesia
recovery” (see Additional file 1).
Removal of duplicates was performed automatically,

through a bibliographic management software (Mende-
ley), and then reviewed manually. Two researchers (GR
and LF) independently screened titles and abstracts of
the publications to identify papers in which incidence,
risk factors, treatments, or outcomes associated with

PND were described among primary or secondary out-
comes. Papers describing preclinical studies (e.g., mo-
lecular or histologic studies, experimental animal
models, or drugs discovery) were excluded from eligibil-
ity. All (human) prospective or retrospective clinical
studies about PND, with POD and POCD as the main
clinical manifestations, were analyzed according to de-
scriptive characteristics, such as language, age of popula-
tion, type of publication, and surgical setting. All these
variables were reported in an electronic reporting system
and organized systematically. Finally, the reference sec-
tion of retrieved systematic reviews and meta-analyses
was analyzed in order to identify potentially eligible arti-
cles that had not been identified through the literature
search.
We analyzed the number of articles with PND as the

main topic published annually over time, as well as vari-
ation over time of specific descriptive characteristics, i.e.,
language and type of publication, age of the enrolled
population, and surgical setting. The language of publi-
cation has been described as English vs other languages,
while the age of the enrolled population as pediatric or
mixed adult/pediatric vs adult surgical patients. The
types of publications have been divided into four groups
and described as (1) observational (prospective or retro-
spective) studies and randomized clinical trials (RCTs),
(2) systematic reviews and meta-analyses, (3) case re-
ports and editorials, and (4) preliminary protocols of

Fig. 1 Flow chart describing the studies selection process
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RCTs or observational studies exploring PND as the
main outcome. The types of surgery have been divided
into four groups and described as (1) general surgery
(including articles describing major abdominal, thoracic,
orthopedic, vascular, spine, and endocrinologic proce-
dures), (2) brain surgery (including articles describing
brain surgery alone and those considering brain surgery
besides other types of surgery), (3) cardiac surgery (in-
cluding articles describing cardiac surgery alone and
those considering cardiac surgery besides other types of
surgery), and (4) another group including articles con-
sidering mixed types of surgical procedures (e.g., general
and cardiac and brain surgery).

Results
The literature search was performed between April and
May 2021. The database search identified 6475 articles.
After removal of duplicates (n = 1849), 4626 articles
remained. The analysis of reference sections of retrieved
systematic reviews and meta-analysis resulted in add-
itional 82 studies for a total of 4710 articles. Of these,
2601 were excluded because PND was not included
among the primary or secondary outcomes. A total of
2109 articles were thus considered for this systematic re-
view (Fig. 1). Figure 2 displays annual and cumulative
numbers of publications published to date. Cumulatively,
2031 articles on PND have been published in English
since 1955. Variation over time in the language of publi-
cation is described in Fig. 3. Cumulatively, 1789 papers
have described PND in adult surgical populations, while
the remaining 320 have considered pediatric or mixed
adult/pediatric surgical patients. The first article focus-
ing on a pediatric population appeared in the literature
in 1990. Variation over time in the age of the enrolled
population is described in Fig. 4, in terms of annual and
cumulative numbers of publications. PND was examined
in 1199 articles, including both observational studies
(prospective or retrospective) and RCTs. PND was the

main topic of discussion of 334 meta-analyses or system-
atic reviews and 156 case reports or editorials. Four hun-
dred eight articles were preliminary protocols of RCTs
or observational studies exploring PND as the main out-
come. Figure 5 describes the annual and cumulative
numbers of publications according to type of publica-
tion. The main types of surgical procedures described in
the selected publications were abdominal, thoracic,
orthopedic, vascular, spine, and endocrinologic surgeries
(1613 articles). Cardiac surgery (alone or in combin-
ation) and brain surgery were described in 373 and 40
articles, respectively. Eighty-three articles could not be
classified because they included a mix of different gen-
eral, brain, and cardiac surgery procedures. Figure 6
describes the annual and cumulative numbers of publi-
cations according to surgical settings.

Discussion
In this systematic review, we analyzed the clinical papers
on PND published up to March 2021. Since the publica-
tion of the first report in 1955, there has been increasing
attention to this specific field, particularly in general sur-
gery adult-elderly patients.

Fig. 2 Number of papers on PND published annually (left) and cumulatively (right) from 1955 to date

Fig. 3 Number of papers on PND published annually from 1955 to
date in English and other languages
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Results available from observational and comparative
studies along with published protocols of ongoing RCTs
on surgical patients reveal that PND is an issue of major
concern to the clinical academic world. Nevertheless, the
growing scientific interest on PND seems to diverge
from the disheartening observational data on real-life
practice and physicians’ attitude to routinely test patients
for POD or POCD [8]. As an example, an on-line survey
endorsed by the European Society of Anesthesiology has
demonstrated that, despite PND (and particularly POD)
being perceived as a relevant condition, only 7% of

physicians involved in perioperative care who
responded to the survey routinely monitor the majority
of their patients for delirium [7]. Apparently, academic
interest rather than clinical practice has encouraged the
production of scientific publications on PND, as dem-
onstrated by their stable increase over time.
This review underlines the importance for the clini-

cians to pay attention to this really frequent disorder
that can affect surgical patients.
A stable increase in papers on PND research in the

last decades has already been observed by Mi et al. in a

Fig. 4 Number of papers on PND published annually (left) and cumulatively (right) including adult or pediatric-mixed adult/pediatric
surgical patients

Fig. 5 Number of papers on PND published annually (left) and cumulatively (right) according to type of publication
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bibliometric analysis aimed at identifying the top 100
cited publications on PND. In this paper, the authors
considered both experimental and basic science papers
along with clinical (observational and comparative) stud-
ies. Within this context, the steadily growing number of
studies on PND reported by the authors may reflect the
interest of physicians/clinical researchers, as well as of
basic science scientists. In order to focus our attention
on the clinical perception of PND, pared down from
basic science and pre-clinical interests, we restricted our
analysis to studies that may originate from bedside prac-
tice. Interestingly, our study reveals the same increasing
trend in numbers of publications on PND over time. In-
deed, our systematic review describes an unexpected
evolution of the interest toward a concrete clinical con-
ception of PND that involves not only academic atten-
tion but also bedside clinical practice. This aspect has
probably determined the peculiar profile of the publica-
tion curve displayed in Fig. 2. In particular, the number
of papers published in the literature seems to be influ-
enced by specific clinical research milestones in the field
of PND, such as the ISPOCD1 study (published in Lan-
cet in 1998 [9]) or the longitudinal assessment of neuro-
cognitive function after cardiac surgery (published in the
New England Journal of Medicine in 2001 [10]), or the
paper published in 2018 examining the nomenclature on

perioperative cognitive impairment and leading to the
inclusion of PND among definitive neurocognitive disor-
ders listed in the DSM-5 manual [5]. The same trend
can be observed in the subgroup of papers considering
pediatric populations (Fig. 4), mainly polarized around
the GAS trial published in Lancet in 2016 [11]. Interest-
ingly, Mi et al. have recognized these papers as the most
cited articles focusing on cognitive changes associated
with anesthesia and/or surgery [1].
The high prevalence of papers analyzed by Mi et al.

and published in journals with an anesthesiological or
surgical attraction is probably related to the search
strategy adopted by the authors, confined to Web of
Science database. In our bibliometric study, to better
characterize the interest that a whole multidisciplinary
and multiprofessional team may have in managing pa-
tients with PND, we have adopted a different search
strategy encompassing several different databases, in-
cluding also PubMed, Embase, CINAHL, or Cochrane
[12]. This field appears to be of particular interest to
nurses, biomedical engineers, and clinical pharmacolo-
gists who have published several clinical papers in the
last decades on the potential effects on PND of new
drugs, disposables, or technologies nowadays routinely
available at the bedside. The interest of industries and
regulatory agencies has followed accordingly. The

Fig. 6 Number of papers on PND published annually (left) and cumulatively (right) according to surgical setting
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number of papers with funding disclosures has thus
increased over time [1]. All these aspects may have
further contributed to the transition from basic sci-
ence and preclinical interest to a more pragmatic,
clinical, bedside, patients-centered research on PND.
Compared to previous bibliometric studies available

for postoperative cognitive impairment, the adoption of
multiple databases [13] and a refined search strategy
have contributed to guarantee an adequate and efficient
coverage of the topic in this systematic review. Our
search strategy was in line with that used by the most
updated guidelines on POD published in 2017 by the
European Society of Anesthesiology.
Several drawbacks can be recognized in this study.

First, although several articles included in this system-
atic review designate POD or POCD as their main fo-
cuses, the authors miss to define the clinical tools
adopted to diagnose these conditions. Most papers in-
deed fail to use any validated scales to diagnose POD
or POCD, potentially leading to inaccuracies and
biases in the final bibliometric analysis. Second, the
high prevalence of papers describing PND in general
surgery patients can be influenced by the inclusion of
orthopedic surgery in the “general surgery” group. Fi-
nally, due to the considerable number of articles
screened and included in this systematic review and
the impossibility to automatically determine the num-
ber of citations or the journal title during data extrac-
tion, we could not report this important bibliometric
information in our analysis.

Abbreviations
PND: Perioperative neurocognitive disorders; POD: Postoperative delirium;
POCD: Postoperative cognitive dysfunction; ICU: Intensive care unit;
RCTs: Randomized clinical trials

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s44158-022-00039-6.

Additional file 1. Literature search.

Acknowledgements
We greatly thank Dr. Caterina Scirè Calabrisotto for helping us with the
English translation of this article.

Authors’ contributions
TP established the full list of literature search strings. FB, SR, and GV
conducted the literature search and analyzed the retrieved articles with LF,
GR, MV, and CS. GV was a major contributor in writing the manuscript. The
authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
Literature search strings are listed in Additional file 1.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Health Science Section of Anesthesiology and Intensive
Care, University of Florence, Florence, Italy. 2Department of Anesthesiology
and Intensive Care, Azienda Ospedaliero-Universitaria Careggi, Florence, Italy.
3Department of Anesthesiology and Intensive Care Medicine, Policlinico
Umberto I, “Sapienza” University of Rome, Rome, Italy.

Received: 25 January 2022 Accepted: 15 February 2022

References
1. Mi X, Wang X, Yang N, Han Y, Li Y, Liu T, Han D, Yuan Y, Cao Y, Shi C, Guo

X, Zhou Y, Li Z (2021) Hundred most cited articles in perioperative
neurocognitive disorder: a bibliometric analysis. BMC Anesthesiol 21(1):1–9.
https://doi.org/10.1186/s12871-021-01408-4

2. Scholz AFM, Oldroyd C, McCarthy K, Quinn TJ, Hewitt J (2016) Systematic
review and meta-analysis of risk factors for postoperative delirium among
older patients undergoing gastrointestinal surgery. Br J Surg 103(2):e21–e28.
https://doi.org/10.1002/bjs.10062

3. Hamilton GM, Wheeler K, Di Michele J, Lalu MM, McIsaac DI (2017) A
systematic review and meta-analysis examining the impact of incident
postoperative delirium on mortality. Anesthesiology 127(1):78–88.
https://doi.org/10.1097/ALN.0000000000001660

4. Mauri V, Reuter K, Körber MI, Wienemann H, Lee S, Eghbalzadeh K, Kuhn E,
Baldus S, Kelm M, Nickenig G, Veulemans V, Jansen F, Adam M, Rudolph TK
(2021) Incidence, risk factors and impact on long-term outcome of
postoperative delirium after transcatheter aortic valve replacement. Front
Cardiovasc Med 8:645724. https://doi.org/10.3389/fcvm.2021.645724

5. Evered L, Silbert B, Knopman DS, Scott DA, DeKosky ST, Rasmussen LS, Oh ES,
Crosby G, Berger M, Eckenhoff RG (2018) Recommendations for the
nomenclature of cognitive change associated with anaesthesia and surgery-2018.
Br J Anaesth 121(5):1005–1012. https://doi.org/10.1016/j.bja.2017.11.087

6. Bedford PD (1955) Adverse cerebral effects of anaesthesia on old people.
Lancet 269(6884):259–263. https://doi.org/10.1016/S0140-6736(55)92689-1

7. Bilotta F, Weiss B, Neuner B, Kramer S, Aldecoa C, Bettelli G, Sanders RD,
Delp SM, Spies CD (2020) Routine management of postoperative delirium
outside the ICU: Results of an international survey among
anaesthesiologists. Acta Anaesthesiol Scand 64(4):494–500. https://doi.org/1
0.1111/aas.13535

8. Milisen K, Foreman MD, Wouters B, Driesen R, Godderis J, Abraham IL, Broos
PL (2002) Documentation of delirium in elderly patients with hip fracture. J
Gerontol Nurs 28(11):23–29. https://doi.org/10.3928/0098-9134-20021101-07

9. Moller JT, Cluitmans P, Rasmussen LS, Houx P, Rasmussen H, Canet J,
Rabbitt P, Jolles J, Larsen K, Hanning CD, Langeron O, Johnson T, Lauven
PM, Kristensen PA, Biedler A, van Beem H, Fraidakis O, Silverstein JH,
Beneken JE, Gravenstein JS (1998) Long-term postoperative cognitive
dysfunction in the elderly ISPOCD1 study. ISPOCD investigators.
International Study of Post-Operative Cognitive Dysfunction. Lancet
351(9106):857–861. https://doi.org/10.1016/S0140-6736(97)07382-0

10. Newman MF, Kirchner JL, Phillips-Bute B, Gaver V, Grocott H, Jones RH, Mark
DB, Reves JG, Blumenthal JA (2001) Neurological outcome research group
and the cardiothoracic anesthesiology research endeavors investigators.
Longitudinal assessment of neurocognitive function after coronary-artery
bypass surgery. N Engl J Med 344(6):395–402. https://doi.org/10.1056/NEJM2
00102083440601

11. Davidson AJ, Disma N, de Graaff JC, Withington DE, Dorris L, Bell G, Stargatt
R, Bellinger DC, Schuster T, Arnup SJ, Hardy P, Hunt RW, Takagi MJ, Giribaldi
G, Hartmann PL, Salvo I, Morton NS, von Ungern Sternberg BS, Locatelli BG,
Wilton N, Lynn A, Thomas JJ, Polaner D, Bagshaw O, Szmuk P, Absalom AR,
Frawley G, Berde C, Ormond GD, Marmor J, McCann ME, GAS consortium

Villa et al. Journal of Anesthesia, Analgesia and Critical Care            (2022) 2:11 Page 6 of 7

https://doi.org/10.1186/s44158-022-00039-6
https://doi.org/10.1186/s44158-022-00039-6
https://doi.org/10.1186/s12871-021-01408-4
https://doi.org/10.1002/bjs.10062
https://doi.org/10.1097/ALN.0000000000001660
https://doi.org/10.3389/fcvm.2021.645724
https://doi.org/10.1016/j.bja.2017.11.087
https://doi.org/10.1016/S0140-6736(55)92689-1
https://doi.org/10.1111/aas.13535
https://doi.org/10.1111/aas.13535
https://doi.org/10.3928/0098-9134-20021101-07
https://doi.org/10.1016/S0140-6736(97)07382-0
https://doi.org/10.1056/NEJM200102083440601
https://doi.org/10.1056/NEJM200102083440601


(2016) Neurodevelopmental outcome at 2 years of age after general
anaesthesia and awake-regional anaesthesia in infancy (GAS): an
international multicentre, randomised controlled trial. Lancet 387(10015):
239–250. https://doi.org/10.1016/S0140-6736(15)00608-X

12. Chapman D (2009) Health-related databases. J Can Acad Child Adolesc
Psychiatry 18(2):148–149

13. Bramer WM, Rethlefsen ML, Kleijnen J, Franco OH (2017) Optimal database
combinations for literature searches in systematic reviews: a prospective
exploratory study. Syst Rev 6(1):245. https://doi.org/10.1186/s13643-017-
0644-y

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Villa et al. Journal of Anesthesia, Analgesia and Critical Care            (2022) 2:11 Page 7 of 7

https://doi.org/10.1016/S0140-6736(15)00608-X
https://doi.org/10.1186/s13643-017-0644-y
https://doi.org/10.1186/s13643-017-0644-y

	Abstract
	Background
	Results
	Conclusions

	Background
	Purpose of review

	Methods
	Results
	Discussion
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

