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Abstract

The Directed Acyclic Graph (DAG) is a graph representing causal pathways for
informing the conduct of an observational study. The use of DAGs allows transparent
communication of a causal model between researchers and can prevent over-adjustment
biases when conducting causal inference, permitting greater confidence and transparency in
reported causal estimates. In the era of ‘big data’ and increasing number of observational

studies, the role of the DAG is becoming more important.

Recent best-practice guidance for constructing a DAG with reference to the literature
has been published in the ‘Evidence synthesis for constructing DAGs’ (ESC-DAG) protocol.
We aimed to assess adherence to these principles for DAGs constructed within perioperative

literature.

Following registration on the International Prospective Register of Systematic
Reviews (PROSPERO) and with adherence to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) reporting framework for systematic reviews, we
searched the Excerpta Medica dataBASE (Embase), the Medical Literature Analysis and
Retrieval System Online (MEDLINE) and Cochrane databases for perioperative
observational research incorporating a DAG. Nineteen studies were included in the final
synthesis. No studies demonstrated any evidence of following the mapping stage of the
protocol. Fifteen (79%) fulfilled over half of the translation and integration one stages of the
protocol. Adherence with one stage did not guarantee fulfilment of the other. Two studies

(11%) undertook the integration two stage. Unmeasured variables were handled
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inconsistently between studies. Only three (16%) studies included unmeasured variables

within their DAG and acknowledged their implication within the main text.

Overall, DAGs that were constructed for use in perioperative observational literature
did not consistently adhere to best practice, potentially limiting the benefits of subsequent
causal inference. Further work should focus on exploring reasons for this deviation and

increasing methodological transparency around DAG construction.
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Introduction

The ability to ask causal questions of observational data is one of the core tasks of
data analysis, alongside description and prediction [1]. Historically, healthcare researchers
have refrained from explicitly seeking such findings [2], with an emphasis on the randomised
controlled trial (RCT) as the only methodological framework capable of supporting such
claims [1]. In many ways this was an understandable response to the potential for
observational data analysis to suffer from various biases, including confounding and selection

bias [3].

Since the late 1990s, frameworks for conducting robust, transparent causal research
using observational data has emerged and become increasingly formalised across fields [4].
One of these frameworks represents variables of interest in a graphical format, underpinned
by a robust mathematical framework [5]. These diagrams are termed directed acyclic graphs
(DAGs) and consist of nodes (which represent the variables of interest) connected by directed
edges (arrows). DAGs can be useful in a plethora of settings within healthcare research. This
includes their use within interventional studies (such as RCTs), and observational research..
To be valid for causal inference, DAGs must denote all causal relationships between nodes,
specifically the root causes of any variable pair, even if these are unmeasured in available
data [4]. Such unmeasured variables are termed ‘latent variables’. The use of DAGs allows
transparent communication of a putative causal model between researchers and can prevent
over-adjustment biases when conducting multivariable modelling. This could permit a greater

degree of accuracy and confidence in calculated causal estimates.

Such a framework has clear benefits for perioperative and surgical researchers as
healthcare data is continuing to grow [6], and perioperative care specifically generates a

wealth of data pertaining to physiological, pharmacological, and broader perioperative

5
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events. A robust framework to seek causal inferences from this data is of huge benefit when
studying relationships not amenable to an RCT [7]. An introduction to DAGs, their relevance
to perioperative and surgical care, and the potential biases they can be used to identify has
already been published [8,9]. However, to our knowledge no study has yet sought to
systematically catalogue the methods used to generate DAGs used in perioperative research

and what problems they have been used to address.

This is, however, vital, as DAGs are increasingly used in other areas of health
research [10]. The need for transparency and robustness in their generation is of increasing
importance. A best practice framework for constructing DAGs has been recently published.
The ‘Evidence synthesis for constructing DAGs’ (ESC-DAG) [11] protocol provides a
recommended methodological approach to DAG construction. It consists of four main stages
to build robust DAGs, drawing on previously published studies and containing clear
instructions on how to synthesise this knowledge into a unifying causal model of the
relationship under study. The ESC-DAG protocol contains four distinct stages. These stages
include mapping (where relevant variables are identified from other literature studies),
translation (where the relationships between variables are identified), integration 1 (where a
single DAG is constructed with only the relevant relationships included) and integration 2

(where similar variables within the DAG are grouped together).

The primary aim of this systematic review is to provide the first comprehensive
assessment of how DAGs are used and constructed within the perioperative literature,
cataloguing the questions they are being used to address, their construction, and thus

transparency. This was done by assessing DAG construction against the ESC-DAG protocol.



120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

Our study also had two major secondary aims. Firstly, we examined how included
studies handled unmeasured variables. This is vital as a DAG’s validity relies on its accurate
inclusion of such latent variables [10]. Additionally, variable relationships within DAGs can
also be modelled over time. This is becoming of increasing relevance given that electronic
records can permit the repeated measurements of variables (such as blood results or
physiological observations) through time. Therefore, our other secondary aim involved

assessing how authors were incorporating time as a variable into their DAGs.
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Methods

This systematic review follows the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [12]. The 2020 PRISMA checklist can be found in
the supplementary information. The aims and methods of our systematic review were
registered prospectively on PROSPERO (CRD42021279183). No ethical approval was

required for this study.

Published observational studies in the surgical and perioperative literature that had
constructed a DAG were included in the study. This included observational studies that

discussed any aspect of surgery or perioperative medicine.

We searched Embase, MEDLINE and Cochrane databases. The search protocol for
each database is available as S1 Appendix but broadly consisted of keywords relating to
‘Surgery’, ‘Anaesthesia’, ‘Perioperative’, and ‘Directed Acyclic Graph’. Following an initial
search on the 7th of September 2021, we updated our search on 30th June 2022. The
PRISMA flow chart is shown in Fig 1. All abstracts were screened independently by DS and
MW. Abstracts were eligible for further full text screening if the title, abstract, or related
keywords on the citation, suggested the study was a primary observational research study
containing a DAG. This involved searching the abstract and titles for words such as ‘DAG’,
‘graph’, ‘acyclic’ and other language pertaining to causal inference. If the author was unsure,
they were asked to include the abstract so the full text and supplementary material could be

screened. If there were any disagreements, a third author (KK) was asked to adjudicate.

Fig 1. PRISMA flowchart of studies included in the final synthesis of the systematic

review.
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A modified inductive reasoning approach was taken to assess the nineteen studies
included in the review [18]. This is outlined in Table 1. This approach was undertaken so we
could follow a clear and logical framework to reach our final conclusions as a group. We
used this method to qualitatively assess our studies in a transparent and repeatable way. The
individual observation phase involved two authors scoring each study independently against
the steps laid out in the ESC-DAG protocol. These stages and steps are depicted in Figs 2 and
3. This involved scoring the study either a 1 or 0 depending on whether the study had
provided evidence that they had fulfilled that specific step. An initial agreement rate between
the authors after individual observations was quantified using Cohen’s kappa statistic [19].
Group calibration was then undertaken to discuss the evidence for scoring each paper with a
1 or 0 against the specific steps of DAG construction. Unanimous group decisions about
disagreements were made at this phase. A final group conclusion about the construction of

DAGs within the surgical and perioperative literature was then made.

Fig 2. An outline of the stages of the ESC-DAG protocol [11], including an example

construction of a perioperative DAG.

Fig 3. Stages, purpose, and the steps of DAG construction outlined in the ESC-DAG
protocol [11] that the reviewers scored the final papers against. IG: implied graph (a

DAG that acts as a structural template to build the DAG).

The specific stages and steps we scored DAG construction against, as well as the
purpose of each stage, are outlined in Figs 2 and 3. They are also discussed in detail in the

ESC-DAG protocol [11].

A data collection form was constructed and reviewed by all authors before data
extraction. The data collection form and individual observations of all nineteen papers can be

found in S2 Appendix.
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_ PROCESS FOLLOWED BY THE AUTHORS

STAGE OF

MODIFIED

INDUCTIVE

REASONING

Each DAG in the literature was scored against the

INDIVIDUAL ESC-DAG protocol with a 1 or a 0 depending on
OBSERVATION whether it had met the steps laid out in the ESC-
DAG protocol.

We then discussed findings, and a consensus was

GROUP reached between all authors about the patterns of

CALIBRATION DAG construction between the studies included.

Any disagreements were also debated.
We made a conclusion on the general construction
FINAL DECISION of DAGs in this group of papers when scored

against the ESC-DAG protocol.

Table 1. Process followed by the authors to collect the data and score the DAGs in the

studies against the ESC-DAG protocol [11].

We also extracted key study characteristics including publication date relative to the

ESC-DAG protocol and whether the study had included and discussed their handling of latent

nodes. If the study incorporated time as a variable into their DAG, this was also recorded.

This was so we could comment on how these aspects of DAG construction were undertaken,

with reference to the ESC-DAG protocol.

Finally, each study was assessed by two authors independently against the Newcastle-

Ottawa scale to assess potential risks of bias and to assess the quality of the final studies

10
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Results

A. Characteristics of the final studies included

We identified 638 citations after the removal of duplicates. After abstract and full text
screening, nineteen (3%) were included in our final synthesis. We included one study
published in German which was read and reviewed by two native speakers on our study team

(KMD, KK). We did not include studies that sought to generate a Bayesian network.

Once abstracts had been screened; fifty-four studies remained and were assessed for
eligibility by screening the full text and supplementary material for a DAG. After this round
of full text screening, nineteen studies were included in the final review. Five of these
nineteen studies [ 13—17] were identified during the updated search in June 2022. References
of the final nineteen studies were also screened for relevant studies. One additional study was

included via this method (Fig 1).

Although the terms Bayesian network and DAG can both be used in the literature to
refer to a causal graphical model, Bayesian networks do not necessarily describe causal
relationships and typically do not solely use expert opinion in their construction [21], they are
therefore not explicitly covered by the ESC-DAG framework. However, one screened study
[22] that constructed a Bayesian network was included, as the graphical core of their diagram
describes causal relationships and was constructed solely from expert knowledge derived
from literature and clinical practice. Therefore, we decided to include this study as the

construction of this graph could have adhered to ESC-DAG protocol.

12
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Of the final nineteen studies reviewed by two reviewers, the median number of stars
obtained on the Newcastle-Ottawa scale was seven and the interquartile range was one. The
lowest score on the Newcastle-Ottawa scale was five. The score of each paper is included in

Table 2 and full scoring of all the nineteen papers can be found in S3 Appendix.

Table 2 shows the journals and years of publication for the studies included in this
systematic review. Fifteen (79%) of the nineteen studies included were published after the
ESC-DAG protocol [11] was available online on the 19" of July 2019. No study referenced

the ESC-DAG protocol.

Twelve studies (63%) included variables on their DAG with a temporal element. For
instance, variables with relevant time dimensions such as ‘preoperative use of gabapentin’

[16].

13



Did the

Newcastle
Published study
Ottawa
Year after the include
Study Journal Study Objective Scale
Published ESC-DAG | nodes with a
scoring for
protocol? temporal
each study
element?
Acta To investigate whether an intraoperative open lung condition
Ferrando et
2022 Anaesthesiologica reduces the risk of developing a composite of postoperative Y Y 7
al. [13]
Scandinavica pulmonary complications.
Kalkan et To determine whether the uric acid/albumin ratio is a predictor of
2022 Angiology Y N 7
al. [15] mortality in STEMI patients.
To clarify the association between glycated haemoglobin and
Lam et al.
2022 Anaesthesia postoperative outcomes in people without an existing diagnosis of Y N 7
[23]

diabetes.

14




Nimmaanrat BMC To find the factors for predicting the amount of opioid
2022
et al. [16] Anaesthesiology requirement post-surgery.
International To clarify the efficiency and outcomes of suctioning ureteral
Qian et al.
2022 journal of clinical access sheath during flexible ureteroscopic lithotripsy for the
[14]
practice management of renal stones.
To quantify the causal effects of altered motor control and other
Steele et al. Frontiers in human
2022 impairments on gait, before and after single-event multi-level
[17] neuroscience
orthopaedic surgery.
Journal of Cancer
Bedir et al. To quantify the effect of socioeconomic inequality on head and
2021 Research and
[24] neck cancer survival.
Clinical Oncology
International
Cagigas et
2021 Journal of To predict intra-abdominal infections after colorectal surgery.
al. [22]

Colorectal Disease

15




Laitinen et

To investigate implant survival and complications of different

2021 Acta Orthopaedica | surgical strategies in the treatment of proximal tibia pathological
al. [25]
fractures.
Tetta et al. To predict lung recurrence and disease-specific mortality after
2021 Surgical Oncology
[26] pulmonary metastasectomy for soft tissue sarcoma.
To analyse the clinical value of primary site surgery in improving
Wang et al.
2021 BMJ Open the cancer-specific survival and overall survival of initial
[27]
metastatic cervical cancer patients.
Journal of the To provide researchers with guidance on the methodological tools
Duprey et
2020 American to use data from clinical cohorts to better understand medication
al. [28]
Geriatrics Society risk factors and outcomes.
Pollmann et To identify the contribution of early deep surgical site infection to
2020 Acta Orthopaedica

al. [29]

mortality after hip fracture surgery.

16




To determine the surgical outcomes and prognostic factors of

Sittivarakul
2020 Medicine cytomegalovirus retinitis-related retinal detachment in acquired
et al. [30]
immune deficiency syndrome patients following vitrectomy.
To investigate the extent and timing of return to work in the
Orthopaedic
Hoorntje et largest high tibial osteotomy cohort investigated for return to work
2019 Journal of Sports
al. [31] and to identify prognostic factors for return to work after high
Medicine
tibial osteotomy.
To investigate the extent and timing of return to sport after high
The American
Kerkhoffs tibial osteotomy in the largest cohort investigated for return to
2019 Journal of Sports
et al. [32] sport to date and to identify prognostic factors for successful
Medicine
return to sport.
Pathak et al. Hospital To identify predictors of oophorectomy in girls hospitalized
2018
[33] paediatrics throughout Texas with ovarian torsion.

17




To identify preoperative, intraoperative, and postoperative
Asgari et al. Archives of
2011 variables that predict higher short and long-term patient N Y
[34] Dermatology
satisfaction with Mohs surgery.
To investigate the influence of socioeconomic status on health-
Sehrndt et
2011 Gesundheitswesen related quality of life in patients before and after aortocoronary N N
al. [35]
bypass surgery.
247
248  Table 2. Table depicting the year, journal, study objective and publication date relative to the ESC-DAG protocol of the final nineteen
249  studies. Whether the DAG within the study included a temporal variable is also recorded. A study including temporal variables means
250  this study acknowledged or specified that a certain variable e.g., drug usage was measured at a specific time point in the preoperative
251  pathway. STEMI, ST-elevation myocardial infarction.
252
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We also assessed the geographical distribution of the final studies included. The
studies were written by four authors affiliated in the USA (21%), two in China (11%), two in
Germany (11%), two in Spain (11%), two in the Netherlands (11%), two in Thailand (11%),
one in Turkey (5%), one in the United Kingdom (5%), one in Norway (5%), one in Finland

(5%) and one in Italy (5%).

B. Assessing DAG construction against the ESC-DAG protocol

Following individual observation and review of each paper, the initial agreement rate
between reviewers was 0.86 (as calculated using a Cohen’s Kappa statistic). This suggests a
high level of initial agreement between all reviewers when independently scoring the papers

during the individual observation phase of our analysis [36].

Table 3 contains the individual scoring of each paper against the ESC-DAG protocol
after a consensus was reached. It also demonstrates the patterns identified and general
conclusion about the whole cohort of studies assessed. Even though no studies referenced the
ESC-DAG protocol, studies did show evidence of fulfilling some stages and steps of the
protocol. No studies showed evidence of completing any steps of mapping. Fifteen (79%) of
the studies completed 50% or more of the translation and integration one steps. There was a
large variation between the studies as to the number of steps fulfilled within each of these two
stages. Two (11%) of the final studies fully completed integration stage two; no other studies

completed any steps within this stag

19
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C.Unmeasured variables

Table 4 demonstrates which studies acknowledged and discussed their methods for
including unmeasured variables. Six studies (32%) did not include, acknowledge, or discuss
any unmeasured variables. Seven studies (37%) acknowledged unmeasured variables within
their study. However, none of these studies included these unmeasured variables in their
DAG or discussed how unmeasured variables were managed or might impact on the
interpretation of their findings. Two studies (11%) included unmeasured variables within
their DAG. No study in these categories commented on how they tried to mitigate for any
unmeasured variables, despite the acknowledgement that potentially key variables were not

measured or incorporated in their DAG.

Three studies (16%) included and discussed how unmeasured variables would affect
their study. For instance, one study [24] aimed to quantify the effect of socioeconomic
inequality on head and neck cancer survival. The authors acknowledged that human
papillomavirus (HPV) status was an important unmeasured variable. Their approach was to
infer HPV status based on tumour site (HPV-related sites vs HPV non-related sites), using
another, measured variable to attempt to represent the uncaptured latent. This study

referenced the scientific literature they used as evidence to make this inference.

One study [35] (5%) built their DAG and then collected conclusive data for their

variables. This study therefore did not have any unmeasured variables.

22



Table demonstrating which studies included, acknowledged, and made corrections for

unmeasured variables

Unmeasured

variables not

mentioned

Unmeasured

variables

acknowledged; not

Unmeasured

variables

included in the

Unmeasured

variables

included in

DAG
constructed
before data was

collected; no

included in the DAG:; not the DAG and
unmeasured
DAG or discussed | discussed in the | discussed in
variables
in the study study the study
32% (n=6) included
37% (n=7) 11% (n=2) 16% (n=3)
5% (n=1)
Bedir et al.
Cagigas et al. Asgari et al.
[24]
[22] [34] Hoorntje et al.
Pathak et al.
Duprey et al. Ferrando et al. [31] Sehrndt et al.
[33]
[28] [13] Kerkhoffs et al. [35]
Pollmann et
Kalkan et al. Laitinen et al. [32]
al.
[15] [25]
[29]
Lam et al. Qian et al.

23




[23] [14]
Nimmaanrat et | Sittivarakul et al.
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Discussion

In this systematic review, we provide the first comprehensive critique of the methods
used in developing DAGs in perioperative and surgical research. Our main finding is that, at
present, DAG construction does not consistently follow the newly published ESC-DAG
protocol [11] and other elements of best practice [10]. This demonstrates the importance of
newly emerging guidelines to strengthen practice in this area. Our findings are congruous
with other literature regarding DAG usage and construction in observational studies [37]
which could potentially limit the benefits of employing this approach if readers and reviewers

cannot understand the assumptions that were used to underpin subsequent causal inferences.

Although our search strategy was not designed to generate a comprehensive
denominator on the total number of conducted perioperative studies it is important to
highlight the small number of studies included in our final synthesis (3% of initial citations),
despite its comprehensiveness (three databases) and intended sensitivity. We found this
surprising given the number of studies published in recent years that emphasise how
important and useful ‘big data’ can and might be within this field [38—40]. No study
specifically mentioned the ESC-DAG protocol, including fifteen studies that were published
after the ESC-DAG protocol [11] was made available. This strongly suggests that no studies
in our cohort were trying to explicitly follow this guidance and could reflect either a lack of
awareness, a lag in its adoption into practice, or a lack of comfort in implementing and
following its steps. However, all studies demonstrated evidence of fulfilling at least one or

more of the stages and steps identified in the protocol.
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We can only speculate as to why so few observational studies within this field utilise
DAGs, especially as relevant methodological reviews have been published in the field of
anaesthesia and surgery [8,9,41]. This may represent broader trends in biomedical
observational research [10]. Alternatively, researchers may be aware of DAGs; but
uncomfortable using these tools when they have a limited understanding of when and how to
use them. However, more education and awareness may be required before researchers can
use DAGs comfortably and to their full potential, especially because, as we have
documented, there are currently few examples of such best-practice frameworks being

implemented or reported in the literature.

Significantly, no study appeared to undertake the ‘mapping’ stage whereby a directed
graph is drawn for relevant, previously published studies examining the same exposure and
outcome relationships. Such a step would be a transparent way to communicate the
controlling of ‘all known confounders’ that is often mentioned in observational research. It is
plausible that the authors of the final nineteen studies built several template DAGs before
arriving at the one presented in the study. However, none of these template DAGs were made
available and thus the author’s thought processes cannot be followed. Therefore, the studies

did not score anything when we were scoring them against the mapping stage of the protocol.

Fifteen of the studies (79%) carried out 50% or more of the translation stage.
Translation exists to confirm which relationships in a template DAG depict a causal
relationship. Our included studies demonstrated a strong variation in their discussion behind

the relationships depicted in their DAG. Some studies did not qualify the causal relationships
26
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within their DAG at all [25,26], whereas one study fulfilled all stages of translation and
qualified the DAG they constructed robustly [24]. Given that a DAG is only as valid as the
assumptions which underpin its construction, we would argue that even if authors are not
following the ESC-DAG protocol, it is crucial that there is some discussion within a study
that justifies the causal relationships depicted on a DAG. This allows readers to understand
why specific relationships have been included and further understand and critique the
statistical analysis within a study that the DAG guides. One strength of the DAG approach is
that its robust mathematical underpinning is communicated to readers in an accessible
pictorial format. However, if the rationale for its construction is not clearly communicated it
is difficult for researchers to interpret results and critique findings based on the depicted

relationships.

Seventeen studies (89%) undertook at least some steps of integration stage one but did
not discuss this in their text. Integration one exists to combine the causal relationships
identified in the translation stage into a DAG. During this stage authors build the final DAG
that they will use within their study. Authors may not have discussed this stage within their
text as they may have felt that they did not need to describe how they built their DAG from
exposure to outcome, to the final DAG identifying all other causal relationships within their

system.

Furthermore, only two studies (11%) undertook and discussed integration stage two.
Integration stage two exists to combine nodes in the final DAG for either practical or
substantive reasons. Like mapping, we believe studies could have undertaken integration two

but may not have provided any evidence of completing them within the text. It is plausible
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that authors of the studies we analysed were combining nodes within their DAG. This is a
step of the integration two stage in the protocol that only two studies demonstrated any
evidence of following. However, we acknowledge that more studies may have combined
nodes without making this explicit in the text. An example of this could include combining
many health conditions within a study as a ‘co-morbidities’ node on a DAG. Direct
communication of these assumptions would arguably be of use to reviewers or other

researchers attempting to replicate findings in other settings.

The ESC-DAG protocol does not perhaps encompass all elements of best-practice.
For instance, it does not make explicit mention to the inclusion or handling of unmeasured
variables, a crucial step in ensuring a DAG is causally valid [4]. Explicitly depicting
unmeasured variables on a DAG helps to highlight any potential sources of unobserved
confounding. It also allows authors to fully communicate their causal model, which can
further lead to debate and inform future research. Some studies included their unmeasured
variables on their DAG but there was wide variation between the studies analysed. We found
that some studies did not acknowledge any unmeasured variables whilst others incorporating
unmeasured variables into their DAG and gave detailed discussion as to how they had
attempted to control for these factors. One study [35] communicated that they had built their
DAG before collecting conclusive data for all the variables included. It is ideal if a DAG can
be constructed using variables that have data available for them. However, omitting variables
from a DAG because authors believe they will not be able to collect conclusive data for a
variable goes against best practice [10]. Further to the above, it is vital that those constructing
DAGs include all variables, unmeasured or measured, that may have causal relationships to

the system being studied.
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Another additional element of best practice we examined was to understand how time
was displayed or handled within published DAG studies. Perioperatively, the explicit
mention of the time at which a variable is measured is vital, with a low pre-operative
haemoglobin having a completely different interpretation and causal relationship than one
immediately after surgery. A further relevant example of this may include the effect of
arterial blood pressure (ABP) on three-day postoperative mortality. Intraoperative ABP
pressure may have a different causal effect on mortality than preoperative ABP. Therefore, it
is important researchers acknowledge how time may change their causal relationships
depicted. We found that twelve studies (63%) acknowledged the time point of a variable
within the group of nineteen studies analysed. Further to this, we thought that Asgari et al.
[34] presented a very effective way to present time within a perioperative DAG, with nodes

grouped according to ‘pre’, ‘intra’, and ‘post’ operative phases of care.

The ESC-DAG protocol gives researchers a strong framework to build DAGs. This is
a clear development in the field where best practice for DAG construction did not exist [37].
However, its relatively recent publication means that a critique of its impact on transparency
and reproducibility cannot yet be commented upon. Beyond the core stages of the protocol
that we have discussed so far, the concept of a ‘directed edge index’ and ‘decision log’ to
communicate assumptions around edge incorporation and direction could be a valuable tool
to support the open-science framework. The appendix of the ESC-DAG protocol asks
researchers to explicitly mention what their outcome, exposures, controls, and mediators are,
to document their assumptions around edge inclusion, and fully communicate their rationale.

Based on our literature findings we feel the use of such a reporting template (perhaps as
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supplemental material) would be useful in increasing the transparency of assumptions
underlying causal analyses, in a manner analogous to the ‘target-trial’ [42] framework that is

advocated to design a causally focused observational study.

However, to our knowledge we are not aware of any surgical and perioperative
journal that requires observational studies to construct a DAG if they are seeking to make a
causal interpretation. The New England Journal of Medicine (NEJM) [43] explicitly state that
‘causal language should not be used in observational studies where only associations can be
estimated’. However, The NEJM does not mention the DAG when discussing methods
observational studies should use to explicitly discuss and estimate a causal effect. The
guidance for authors publishing in the British Journal of Anaesthesia [44] and British Journal
of Surgery [45] do not expect authors to have constructed DAGs. Both journals ask authors
publishing observational studies to adhere to the Strengthening the Reporting of
Observational studies in Epidemiology (STROBE) [46] guidelines. Further to this, the
STROBE guidelines ask authors to ‘describe any efforts to address potential source of bias’
in the twenty-two-item checklist provided. However, there is no mention as to which
methodological approach authors should use to deal with bias and there is no mention of
DAGs. This further contributes to our point that the surgical and perioperative field may not
be aware of how the use of a DAG could strengthen confidence in causal inferences within

observational research.

Given the benefits of DAGs in guiding analysis, their greater use in the perioperative
literature could arguably improve the robustness of studies seeking to draw causal inferences.
Beyond this improved accuracy, submitting information justifying the reasons behind a

constructed causal model could also improve communication of assumptions from
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researchers to readers. Future guidelines for observational studies from journals, requiring the
reporting of a DAG and its constructions might be one way to increase uptake of the

technique.

We feel our review has several strengths. Firstly, we used a broad search strategy to
encompass all aspects of the surgical and perioperative literature, prospectively registered and
followed our protocol, and sought to incorporate relevant aspects of best-practice beyond the
newly published ESC-DAG framework. We had a strong agreement rate within our group
prior to the making of a final consensus decision. This is denoted by a Cohen’s kappa statistic
0f 0.86 [36]. We do acknowledge potential limitations. Given DAGs are normally included in
the methods or supplementary section of studies, some studies that did not mention the use of
a DAG within their title/abstract/keywords may have been missed. We believe the method of
including any abstract that had language pertaining to causal inference or DAGs minimised
the risk of missing eligible studies that had constructed a DAG, as we expected authors to
draw attention to the use of this tool in the title or abstract. However, we acknowledge that a
small number of studies may have still been missed if key terms were not included in the
abstract or title. This should not detract from the validity of the critique of those studies that
we did identify. We also acknowledge that there was a small sample size of final studies to
screen against the ESC-DAG protocol and without a clear denominator as to the number of
observational studies conducted in the perioperative literature in this period it is difficult to
truly judge the prevalence of DAGs within the field. However, our primary focus during this
study was to assess DAGs constructed in the literature against the ESC-DAG protocol, rather
than assess their prevalence. A further study could address this question in greater depth. The
ESC-DAG framework specifically deals with synthesising published literature into a causal
model. However, expert opinion is a crucial component of such a process and studies have
started to look at how qualitative techniques can be used to distil this expertise into a DAG
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[47]. However, numerous studies cited the literature in their DAG and so even if a mixed
methods approach was employed, the use of the ‘mapping’ phase would still be useful in
communicating the findings of previously conducted studies. Finally, we recognise that other
frameworks for DAG construction are also being published and thus the field is an emerging
one. The DAG With Omitted Objects Displayed (DAGWOQOD) [48] framework is another
framework that can be used for generating causal models and one that reinforces best DAG
practices. We did not assess our final studies against this recently published framework.
However, given the quality of reporting DAG construction in our studies; we suspect that
papers would still not do well when compared against this or other DAG construction
frameworks. More work is required to understand what an appropriate reporting framework is

for both authors and readers.

Conclusion

DAGs in the surgical and perioperative observational literature do not currently
follow the ESC-DAG protocol or other areas of best practice. This has implications on
transparency and reproducibility within the field but may be driven by the recency of
publication or a lack of awareness. Further improvements to DAG construction and reporting

within the perioperative and surgical literature will aid in reader interpretation.
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= PRISMA 2020 Checklist

. Location
?ecflon e Checklist item where item
opic :
is reported
TITLE
Title 1 ‘ Identify the report as a systematic review. Page 1
ABSTRACT
Abstract 2 ‘ See the PRISMA 2020 for Abstracts checklist. Page 3
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of existing knowledge. Page 5
Objectives Provide an explicit statement of the objective(s) or question(s) the review addresses. Page 5 —
last
paragraph of
introduction
METHODS
Eligibility criteria 5 | Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. Page 8 —
paragraph 2
of methods
Information 6 | Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the | Page 8 —
sources date when each source was last searched or consulted. paragraph 4
of methods
Search strategy Present the full search strategies for all databases, registers and websites, including any filters and limits used. S1 Appendix
Selection process Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each Page 9 —
record and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process. paragraph 4
of methods
Data collection 9 | Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked Page 9 —
process independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the | paragraphs
process. 5,6 and 7 of
methods
Data items 10a | List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each Page 10
study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect. (table 1) and
10b | List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any Page 7 ho
assumptions made about any missing or unclear information. (paragrap
of methods)
Study risk of bias 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed S3 Appendix
assessment each study and whether they worked independently, and if applicable, details of automation tools used in the process. and page 10
(paragraph 9
in methods)
Effect measures 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. Page 9 —
paragraph 5
of methods
Synthesis 13a | Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and Page 9 —
methods comparing against the planned groups for each synthesis (item #5)). paragraph 2

of methods




15 VR PRISMA 2020 Checklist

Section and

Topic

13b

Checklist item

Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data
conversions.

Location
where item
is reported
Page 9 —
paragraph 5
of methods

13c

Describe any methods used to tabulate or visually display results of individual studies and syntheses.

Page 10 —
Table 1

13d

Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the
model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.

Page 9 —
paragraph 5
of methods

13e

Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression).

Page 9 —
paragraph 5
of methods

13f

Describe any sensitivity analyses conducted to assess robustness of the synthesized results.

Page 9 —
paragraph 5
of methods

Reporting bias
assessment

14

Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases).

N/A — not
looking at
the results of
included
studies; all
of the
studies
assessed
had the
information
required also

Certainty
assessment

15

Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome.

Page 9 —
paragraph 5
of methods

RESULTS

Study selection

16a

Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included
in the review, ideally using a flow diagram.

Figure 1

16b

Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded.

Page 12 —
paragraph 1
of results

Study
characteristics

17

Cite each included study and present its characteristics.

Table 2

Risk of bias in
studies

18

Present assessments of risk of bias for each included study.

Table 2 and
final
paragraph of
methods

Results of

19

For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision

Table 3 +




1S PRISMA 2020 Checklist

Section and

Topic

individual studies

Checklist item

Location
where item
is reported
Table 4

(e.g. confidence/credible interval), ideally using structured tables or plots.

Results of
syntheses

20a

For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies.

Table 2 + S3
Appendix

20b

Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g.
confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.

Table 2, 3 +
4

20c

Present results of all investigations of possible causes of heterogeneity among study results.

N/A — not
looking at
the results of
included
studies

20d

Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results.

N/A — not
looking at
the results of
included
studies

Reporting biases

21

Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed.

Page 15 -
paragraph 2
of discussion

Certainty of
evidence

22

Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed.

Page 12 —
paragraph 5
of results
(first
paragraph in
section B)

DISCUSSION

Discussion

23a

Provide a general interpretation of the results in the context of other evidence.

Page 25 —
first
paragraph of
discussion

23b

Discuss any limitations of the evidence included in the review.

Page 31 —
final
paragraph of
discussion

23c

Discuss any limitations of the review processes used.

Page 31 —
final
paragraph of
discussion

23d

Discuss implications of the results for practice, policy, and future research.

Page 30 —
paragraphs
9,10 and 11
of discussion

OTHER INFORMATION




s PRISMA 2020 Checklist

Location

Checklist item where item
is reported

Registration and 24a | Provide registration information for the review, including register name and registration number, or state that the review was not registered. Page 8 —

protocol paragraph 1
of methods

Section and

Topic

24b | Indicate where the review protocol can be accessed, or state that a protocol was not prepared. Page 9 —
paragraph 5
of methods
(referring to
modified
inductive
reasoning
approach
taken given
there is no
strict
protocol for
this
systematic
review)

24c | Describe and explain any amendments to information provided at registration or in the protocol. Nil
amendments

Support 25 | Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. Cover letter

Competing 26 | Declare any competing interests of review authors. Cover letter
interests

Availability of 27 | Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included S1, S2 and
data, code and studies; data used for all analyses; analytic code; any other materials used in the review. S3 Appendix
other materials

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71
For more information, visit: http://www.prisma-statement.org/




SELECTION

COMPARABILITY

OUTCOME

ofthe
Exposed Cohort? (Item is
assessing the representativeness
of exposed individuals in the
community, not the
representativeness of the sample
of women from some general

Demonstration that outcome of
interest was not present at start of|
study? (In the case of mortality
studies, outcome of interest is still

Comparabllliy of Cohorts on the
Basis of the Design or Analysis?
(A maximum of 2 stars can be
allotted in this eategory Either
exposed and non-exposed
individuals must be matched in
the design and/or confounders

Assessment of outcome? (For
some outcomes (¢.g. fractured
hip), reference to the medical

record is sufficient to satisfy the

Follow-Up Long Enough
for Outcomes to Occur? - An

Uric Acid Albumin Ratio

average person in the community

community as the exposed cohort

records

important factors within the study

of the outcome by reference to

number lost (10%) or a description

don. Selection of the non-exposed j i acceptable length of time should | Adequacy of Follow Up of % given 9 points (stars)
e of Study Author of Study DL, L er i) . e Ascertainment of exposure? the presence of a disease/ must be adjusted forin the | o/ ernent for confirmation of | ***P g " BHERyGAEILD Total Score # points (stars)
subjects derived from groups cohort? - analysis. Statements of no ¢ be decided before quality Cohorts? available
; o incident, rather than death. That| the fracture. This would not be
likely to confain middle class, B differences between groups or assessment begins (e.8.5 yrs. for
¢ is to say that a statement of no © adequate for vertebral fracture
better educated, health oriented y " o that differences were not exposure to breast implants).
. history of disease or incident hat difference outcomes where reference to x-
women are likely fo be statistically significant are not "
i earns a star.) ; o rays would be required).
representative of postmenopausal sufficient for establishing
estrogen users while they are not comparability. Note: If the
representative of all women (e.g. relative risk for the exposure of
e . T e DT aSSCSSTTET TS TOST T OO
Approaches to Optimize Medication Data Analysis in Clinical Cohort Duprey et al. 1 - Somewhat represenative of the 1 - Drawn from the same 1 - secure record c. . hospital | oves 1 - study controls for additional | stated in the paper, or confirmation e unlikely to introduce bias - small R 0%
Studies prey average person in the community | community as the exposed cohort records % important factors within the study | of the outcome by reference to ¥ number lost (10%) or a description "
o 4 1 - Record links dentificd e 4
A probabilistic model for the prediction of intra-abdominal infection after Cagigas et al 0 - No deseription of the derivation 1 - Drawn from the same. secure record e.g. hospital Oorm factor e.g. age, 1 - study controls [hm:mh Ic‘; ;f::fn :11::1::.;: - unlikely to introduce bias - small 5 60
coloreetal surgery aelees of the cohort community as the exposed cohort records for additional important factors N number lost (10%) or a description ’
TSIy e Tor T T e O SSesSTeT
Predictors of lung recurrence and discase-specific mortality afier pulmonary retactal 0 - Selected group of users e.g 1 - Drawn from the same 1 - secure record e.g. hospital — factor e.g. age, 1 - study controls | stated in the paper, or confirmation 0o 1 - Complete follow up - all B -
metastascctomy for softtissue sarcoma nurses volunteers community as the exposed cohort records ¥ for additional important factors | of the outcome by reference to subjects accounted for
TSty oo Tor i o < TS TOST T OO
 of Paticnt Satisfaction Wi E 1 - Record linkage (c.g. identified
Predictors of Patient Satisfaction With Mohs Surgery: 0 - Selected group of users e.g. 1 - Drawn from the same Secure record e.g. hospital factor e.g. age, | - study controls alinksr S Hdeit unlikely to introduce bias - small o
Analysis of Preoperative, Intraoperative, and Postoperative Factors in a Asgar et al 1-yes < through ICD codes on database 1-yes : 7 8%
nurses volunieers community as the exposed cohort records for additional important factors number lost (10%) or a description
Prospetive Cohort records)
= 7 = s sy i
Predictors of Retum to Work After High Tibial Ostcotomy Hoomie et al. 1 - Truly representative of the 1 - Drawn from the same. 1 - secure record e.g. hospitl . factor e.g. age, | - study controls | stated in the paper, or confirmation — unlikely to introduce bias - small R o
Y average person in the community | community as the exposed cohort records % for additional important factors of the outcome by reference to g number lost (10%) or a description "
TSTIy-etfiioT-Tor o TS e
Role of locoregional surgery in treating FIGO 2009 stage IVB cervical cancer| 1 - Truly representtive of the 1 - Drawn from the same 1 - secure record e.g. hospital factor e.g. age, 1 - study controls | stated in the paper, o confirmation 1 - Complete follow up - all
Wang et al. 1-yes 1-yes 3 89%
patients: a population-based study average person in the community | community as the exposed cohort records for additional important factors | of the outcome by reference to subjects accounted for
S e e e e ; T—Stry-otfhion-Torar Tt = oepeert-of- s e —STmpecTs ToST o ToTTO T
_ Soctocconomic dispanties In iead and neck cancer survival 1 - Truly representative of the. 1 - Drawn from the same secure record e.g. hospital factor e.g. age, | - study controls | stated in the paper, or confirmation unlikely to introduce bias - small )
in Germany: a causal mediation analysis using population-based cancer Bedir et al. 1-yes < 1-yes o 8 9%
iy datn average person in the community | community as the exposed cohort records for additional important factors | of the outcome by reference to number lost (10%) or a description
Surgical outcomes and prognostic factors following vitrectomy in acquired ) - ST P ~ P -
immane deicenty syochoras pefcat with oytomelovias it tad Sitivargial ot al 1 - Truly representative of the 1 - Drawn from the same. secure record e.g. hospital - factor e.g. age, | - study controls | stated in the paper, or confirmation — 1 - Complete follow up - all R o
i dehment average person in the community | community as the exposed cohort records for additional important factors | of the outcome by reference to subjects accounted for
TSTIy-etfhioT-Tor oo sses e Tt oo
Surgical site infection after hip fracture — mortality and risk factors: [ 1 - Truly representtive of the 1 - Drawn from the same 1 - secure record e.g. hospital — factor e.g. age, 1 - study controls | stated in the paper, or confirmation - unlikely to introduce bias - small s 0%
an observational cohort study of 1,709 patients average person in the community | community as the exposed cohort records Y portant factors of the outcome by reference to H number lost (10%) or a description
Torar T T Toepeert-of- s e :
0~ Follow up rate poor, over 10%
Surgical treatment of skeletal metastases in proximal tibia: a mul Laitinen et al. 1 - Truly representative of the 1 - Drawn from the same secure record c.. hospital | oves factor c.g. age, 1 - study controls | stated in the paper, o confirmation . e B -
center case series of 74 patients average person in the community | community as the exposed cohort records % for additional important factors of the outcome by reference to 2 "
description provided
- ST P 1 - Record link: identified
Glycated hacmoglobin and the risk of postoperative complications in people . 1 - Truly representative of the 1 - Drawn from the same. secure record e.g. hospital Oorm factor e.g. age, 1 - study controls [hm:mh Ic‘; ;f::fn :11::1::.;: T 1 - Complete follow up - all B 5%
without diabetes: a prospective population-based study in UK Biobank ! average person in the community | community as the exposed cohort records for additional important factors N & subjeets accounted for .
T e pT-aSSCSSTTET
Intraoperative open lung condition and postoperative pulmonary [ 0 - Selected group of users e.g 1 - Drawn from the same 1 - secure record e.g. hospital — 1 - study controls for additional | stated in the paper, or confirmation - 1 - Complete follow up - all B 5%
complications. A secondary analysis of iPROVE and iPROVE-O2 trials nurses volunteers community as the exposed cohort records Y important factors within the study | of the outcome by reference to & subjects accounted for
OO O TS O PO TaCTOT STy ComTOTS oA T T Toepeert-of- s e =
0~ Follow up rate poor, over 10%
for the amount of carly opioid consumption Nimmanat o a 1 - Truly representative of the 1 - Drawn from the same 1 - secure record c. . hospital | oves factor c.g. age, 1 - study controls | stated in the paper, o confirmation e e R 0%
in postanesthesia care unit: a prospective average person in the community | community as the exposed cohort records % for additional important factors of the outcome by reference to ¥ 2 "
description provided
T-Tndependent o BITnd asscssment
Investigation of the Influence of the S Status on the Health- s 0 - Follow up rate poor, over 10%
estigation o) Tie e o) 1 Soctacconomie Staius or (e § 1 - Truly representative of the 1 - Drawn from the same 1 - secure record .. hospital 1 - study controls for additional | *141%4 it the paper, or confirmation gy i '
Related Quality of Life in Patients Before and Afier Coronary Artery Bypass Sehmdt et al. o 5 it e e ) 1-yes e et i tho gy | O the outcome by reference to 1-yes lost to follow up, and no 7 8%
Grafling - An Example of the Use of Causal Diagrams (German) CECA=RREEEREEty || CESER Ol SEaeis records {mportant factors WItHR (e St | coure records (xrays, medical description provided
s e
T e e e M e e ¥ - - T e oo assessmmen -
D e e e X0 1 - Somewhat representative of the 1 - Drawn from the same 1 - secure record e.g. hospital 1 - study controls for additional | stated in the paper, or confirmation 1 - Complete follow up - all .
Ureteroscopy for Renal Stones Decreases the Risk of Postoperative Systeric Qian et a. : ! > 1-yes : 1-yes 8 89%
average person in the community | community as the exposed cohort records important factors within the study | of the outcome by reference to subjects accounted for
inflammatory Response Syndrome
T=mrepee-of oSS TS ToSTTo-ToTTOTT
Causal Effects of Motor Control on Gait Kinematics Afier Orthopedic - 0~ Selected group of users e.g. 1 - Drawn from the same 1 - sccure record c. . hospital | ves 1 - study controls for additional | stated in the paper, or confirmation e unlikely to introduce bias - small R -
Surgery in Cercbral Palsy: A Machine-Leaming Approach nurses volunieers community as the exposed cohort records & important factors within the study | of the outome by reference to & number lost (10%) or a description .
TTepeoent-of oSS T Sstopects okttt TomovTy
A New Predictor of Mortality in ST-Elevation Myocardial Infarction: The Kalkan el 1 - Somewhat representative of the 1 - Drawn from the same seeure record e.g. hospital — 1 - study controls for additional | stated in the paper, or confirmation | yes unlikely (o introduce bias - small s 0%




Identification of studies via databases and registers

Records removed before
screening:
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55)

Identification of studies via other methods

Records identified from:
Citation searching (n = 6)

v

Records excluded at abstract
stage
(n=584)

Reports not retrieved
(n=0)

Reports sought for retrieval
(n=6)

A4

P
c
-,-°_, Records identified from:
S Cochrane (n =7)
£ EMBASE (n = 563)
§ MEDLINE (n = 123)
l
Records screened
(n=638)
Reports sought for retrieval
_g' (n=54)
§ ;
; l
(2]
Reports assessed for eligibility
(n=54)
 S—
2 o o
° Studies included in review
3
o (n=19)
=

Reports excluded:

Literature review (n = 1)

Not perioperative/surgical
literature (n = 5)

No DAG included in the paper (n
= 2)

Bayes Network used to construct
part of DAG (n = 18)
Letter/Abstract (n = 10)

Reports assessed for eligibility
(n=6)

Reports not retrieved
(n=0)

A4

Reports excluded:

Not perioperative/surgical
literature (n = 4)

No DAG included in the paper (n
= 1)




A hypothetical example to demonstrate the ESC-DAG construction protocol:
does intraoperative blood loss cause long-term chronic kidney disease?

/ Stage OfESC'DAG\/ 1. Mapping \/ 2. Translation \/ 3. Integration 1 \/ 4. Integration 2 \

Protocol

To apply graph theory to the conclusions of | To apply causal theory to each relationship To combine nodes for either practical

each study. This creates an ‘implied graph’ in the IG. This creates the DAG for the To combine the translated DAGs into one by s st lexi
Purpose of step from the (1G) which acts as a transparent structural study. Each relationship in the IG is synthesising all indexed directed edges. r::;:::)g:é r:arseo:sc(ei ?rtr:)pez:;gi)sﬁr
ESC-DAG Protocol template for translation into a DAG. assessed under sequential causal criteria S

. consistency).
and a counterfactual thought experiment. y)

Example DAG with
captions for each stage

Key
Intraoperative blood
loss (exposure)

Chronic kidney
disease (outcome)

Respiratory co-
morbidities

Age
Postoperative acute
kidney injury
Intraoperative The exposures, outcomgs and variables of
hypotension studies and expert opinions are mapped to
create an implied graph. This fon.'ms . Each implied graph that has been created is If more than one implied graph has been Variables (nodes) can be combined at this
Length of surgery template to maly§e the causal relationships interpreted using causal theory. Relevant initially mapped and translated, these graphs | stage if they have similar inputs and outputs,
_of all variables included. More than one causal relationships are then retained on the | are integrated to form one DAG at this stage. or if there is theoretical support for
Type of surgery implied graph may be created at this stage graph e.g. the causal relationship between Similar variables (nodes) can also be combining two variables on the graph e.g.
from the li(eraturet and expert opinion. Il.l this age and chronic kidney disease is retained grouped together in space during this stage length and type of surgery.
Causal effect example, all variables from a hypothetical amongst others. e.g. ensuring length and type of surgery are

/l 0000000

/wy are included within the implied ng /K grouped together spatially. /\ /
shown.




STAGE

PURPOSE

1. MAPPING

To apply graph theory to the conclusions of each
study. This creates an ‘implied graph’ (IG) which
acts as a transparent structural template for
translation into a DAG.

DAG
CONSTRUCTION
OUTLINED IN
THE ESC-DAG
PROTOCOL

2. TRANSLATION

To apply causal theory to each relationship in the
IG. This creates the DAG for the study. Each
relationship in the IG is assessed under sequential
causal criteria and a counterfactual thought
experiment.

3. INTEGRATION 1

To combine the translated DAGs into one by
synthesising all indexed directed edges.

4. INTEGRATION 2

To combine nodes for either practical reasons
(i.e. to reduce complexity) or substantive reasons
(i.e. to establish consistency).

STEPS IN PROCESS

1. Outcome variable of interest is set as DAG outcome(s).
2. Exposure variable(s) of interest is set as DAG exposure(s).

3. A directed edge is drawn originating from the exposure(s), terminating at the
outcome(s).

4. All control variables are entered as unassigned variables.

5. A directed edge is drawn originating from each control to the exposure(s)
and outcome(s).

6. Mediators, instrumental variables etc. are mapped as per

the study’s conclusions.

7. The IG is saturated by drawing directed or undirected edges between all
confounders (direction does not matter until the translation stage).

1. Temporality—does the posited cause precede effect? (If ‘yes’, proceed to
next criterion. If not, assess reverse relationship).

2. Face-validity—is the posited relationship plausible? (If ‘yes’, proceed to next
criterion. If not, assess reverse relationship.)

3. Recourse to theory—is the posited relationship supported by theory? (Always
proceed to the counterfactual thought experiment.)

4. Counterfactual thought experiment—is the posited relationship supported by
a systematic thought experiment informed by the potential outcomes

framework? (Once completed, always assess the reverse relationship unless
already assessed.)

1. A new DAG is created to serve as the integrated DAG (I- DAG).
2. The focal relationship is added to the I-DAG (as per mapping steps 1-3).

3. Each indexed directed edge pertaining to the focal relationship (including its
corresponding node) is added to the diagram.

4. Each indexed directed edge pertaining to other nodes is added (e.g. between
confounders).

5. Conceptually similar nodes should be grouped together in virtual space to aid
the recombination process.

1. Is there theoretical support for combining two variables/nodes?

2. Do the conceptually related nodes have similar inputs and outputs (i.c., do
they ‘send to” and ‘receive from’ the same nodes)?



OVID to search Medline

https://authproxy.bma.org.uk/process/redirects?url=https://ovidsp.ovid.com/ovidweb.cgi?T=]
S&ENEWS=N&PAGE=main& SHAREDSEARCHID=6gq47RSU40{fKeiwmUNZDgtxJOknzj
NgTJZDvsUwbfNKGKGUILDIhHRwh9MwzkWvdks

Ovid MEDLINE(R) ALL <1946 to June 29, 2022>

exp Specialties, Surgical/ 214117

exp "Anesthesia and Analgesia"/ 246945
exp Surgical Procedures, Operative/ 3438011
2o0r3 3572696

exp Anesthesiology/ 32754

exp Anesthesia/ 201983

Sor6 217892

exp Perioperative Medicine/ 104

directed acyclic graph.mp. 575

10 DAG.mp. 4861

11 exp Diacylglycerol Kinase/ 1289

12 exp Diglycerides/ 7631

13 exp Signal Transduction/ 659284

14 DAGS.mp. 762

15 directed a-cyclic graph.mp. 1

O 0 I N DN K W~

16 directed acyclic network.mp. 11
17 directed acyclical graph.mp. 2
18 causal diagram.mp. 77

19 structural causal model.mp. 21

20 exp Protein Kinase C/ 45908

21 11or12o0r130r20 696092

22 (10 or 14) not 21 2663

23 9orl15orl6orl17orl18or19or22 3130
24 1 or4or7or83729736

25 23 and 24 123



COCHRANE

[1]
[+]

1
+

1
+ + + + + + + + + + + + + + +

#2

#3

#4

#5

#6

#7

#8

#9

#10

#12

#13

#14

#15

#16

#17

MeSH descriptor: [Specialties, Surgical] explode all trees

MeSH i [ ia and igesia] explode all trees

MeSH descriptor: [Surgical Procedures, Operative] explode all trees

MeSH descriptor: [Anesthesiology] explode all trees

MeSH descriptor: [Anesthesia] explode all trees

MeSH descriptor: [Perioperative Medicine] explode all trees

(directed acyclic graph):ti,ab,kw

(DAG):ti,ab.kw

(DAGSs):ti,ab kw

(directed a-cyclic graph):ti,ab kw

(directed acyclic network):ti,ab .kw

(directed acyclical graph):ti,ab,kw

(causal diagram):ti,ab,kw

(structural causal model):ti,ab,kw

#1 or #2 or #3 or #4 or #5 or #6

#7 or #8 or #9 or #10 or #11 or #12 or #13 or #14

#15 and #16

Sw

Sw

Sw

Sw

Sw

MeSH v
MeSH v
MeSH v
MeSH v
wesr~ [0 ]
Limits
Limits
Limits
Limits
Limits
Limits
Limits
Limits
Limits
Limits

Limits




