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ABSTRACT

Objective To systematically review preoperative and
intraoperative Anastomotic Leak Prediction Scores (ALPS)
and validation studies to evaluate performance and

utility in surgical decision-making. Anastomotic leak (AL)
is the most feared complication of colorectal surgery.
Individualised leak risk could guide anastomosis and/or
diverting stoma.

Methods Systematic search of Ovid MEDLINE and
Embase databases, 30 October 2020, identified existing
ALPS and validation studies. All records including >1 risk
factor, used to develop new, or to validate existing models
for preoperative or intraoperative use to predict colorectal
AL, were selected. Data extraction followed CHecklist

for critical Appraisal and data extraction for systematic
Reviews of prediction Modelling Studies guidelines. Models
were assessed for applicability for surgical decision-
making and risk of bias using Prediction model Risk Of
Bias ASsessment Tool.

Results 34 studies were identified containing 31
individual ALPS (12 colonic/colorectal, 19 rectal) and

6 papers with validation studies only. Development
dataset patient populations were heterogeneous in

terms of numbers, indication for surgery, urgency and
stoma inclusion. Heterogeneity precluded meta-analysis.
Definitions and timeframe for AL were available in only

22 and 11 ALPS, respectively. 26/31 studies used some
form of multivariable logistic regression in their modelling.
Models included 3—-33 individual predictors. 27/31 studies
reported model discrimination performance but just 18/31
reported calibration. 15/31 ALPS were reported with
external validation, 9/31 with internal validation alone and
4 published without any validation. 27/31 ALPS and every
validation study were scored high risk of bias in model
analysis.

Conclusions Poor reporting practices and methodological
shortcomings limit wider adoption of published ALPS.
Several models appear to perform well in discriminating
patients at highest AL risk but all raise concerns over risk
of bias, and nearly all over wider applicability. Large-scale,
precisely reported external validation studies are required.
PROSPERO registration number CRD42020164804.

INTRODUCTION

Anastomotic leak (AL) is the most serious
complication following colorectal surgery
causing significant morbidity and mortality."

> Tom Pampiglione @ ,
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3 Charles H Knowles

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Rigorous systematic methodology: inclusion criteria
unlikely to have missed further Anastomotic Leak
Prediction Scores.

= Rigorous methodological evaluation of model con-
struction, applicability and risk of bias.

= Exclusion of prediction scores using postoperatively
assessed factors.

= No individual participant data meta-analysis was
undertaken due to wide heterogeneity.

= Unable to draw clinical conclusions due to poor
overall methodological quality.

Incidences in the 2015 and 2017 European
Society of Coloproctology international
audits of right and left sided resections were
8.1%" and 8.6%,” respectively. Several factors
were identified in univariate analyses that
increased risk of AL after rightsided resec-
tion including patient factors known preop-
eratively such as gender, indication, operative
urgency and smoking status; and operative
factors such as approach (open vs laparo-
scopic).” In leftsided resections, ALs were
more common with male sex, neo-adjuvant
treatment, more distal anastomosis, hand-
sewn anastomosis, defunctioning ileostomy
or planned postoperative critical care admis-
sion.* Such data indicate that careful patient
selection has a role in reducing the risk of AL.

Despite a significant body of evidence to
describe risk factors for AL, and a multitude
of published risk scores, there is no current
consensus among the surgical community
about the best prediction model to stratify
patients preoperatively or intraoperatively for
AL risk. It has been clearly demonstrated that
surgeon estimates are poor’ ° making objec-
tive clinical measures a priority.

While AL is perilous, overuse of diverting
ileostomy also creates morbidity, stoma
complications, reduces quality-of-life, causes
additional costs and need for further surgery.
Better risk stratification on an individual
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patient basis could translate to reduced morbidity and
mortality as well as associated cost savings. Individually
calculated risk assessment would aid informed shared
decision-making between patients and surgeons.

Study aim

To systematically review existing preoperative and intra-
operative colorectal AL prediction models, evaluate their
performance including any validation studies and assess
their ability to aide surgical decision making.

METHODS

This systematic review is reported according to The
CHecklist for critical Appraisal and data extraction for
systematic Reviews of prediction Modelling Studies
(online supplemental CHARMS checklist),” to ensure
appraisal of predictive models was performed rigorously
and reproducibly. The study goes beyond the protocol to
also report calibration (as well as planned discrimination,
validation and quality assessments). Preferred Reporting
Items for Systematic Reviews and Meta-Analyses® checklist
is included in the supplementary material.

Data sources

Aliterature search was performed in Ovid MEDLINE and
Embase electronic databases to identify studies between
January 1990 to the search date containing keywords
‘colorectal’ or derivatives thereof; ‘anastomosis/anasto-
motic’; ‘leak’ or ‘breakdown’ or ‘failure’ or ‘dehiscence’
and ‘tool’ or ‘model’ or ‘nomogram’ or ‘risk score’, see
supplementary material for full search details. Refer-
ence lists of included studies were searched for further
studies. No language restrictions were set. Searches were
completed in Ovid MEDLINE 30 October 2020 and
Embase 28 October 2020.

Study selection

Inclusion criteria: all studies proposing and/or validating
a predictive model that could be used preoperatively or
intraoperatively to predict AL following colonic or rectal
resection. To qualify as a score or model, more than one
predictive factor (variable) must be used in the score.
Studies that evaluated risk factors but neither gener-
ated nor validated a risk score/model/nomogram were
excluded. Studies that reported a model that required any
variable to be obtained postoperatively were excluded.
Abstracts that contained sufficient data were included
where full text was unavailable.

All titles and abstracts obtained in the searches were
screened for inclusion. Non-human studies, non-
colorectal surgery studies, those examining a different
outcome or not proposing a predictive score that is,
single factor studies, were excluded. Abstracts were
screened manually (in Microsoft Excel) by a single author,
except where doubt arose and CK was consulted. Arti-
cles included based on abstract review were imported to
Mendeley Desktop V.1.19.8 for full text review. Screening

was not blinded, conflicts and uncertainties were resolved
through discussion. Full texts were obtained for relevant
articles (where available).

Data extraction

The CHARMS checklist’ was used for complete data
extraction including data source and dates for each study,
participants, outcome definitions, variables (predictors),
model development method and model performance.
Both apparent performance (performance of the score
in the model development set) and any internal or
external validation methods and results were extracted.
A pragmatic approach was taken to extract and analyse
any measures of model performance such as discrimina-
tion (including the area under the (receiver operating
characteristic) curve (AUC)), calibration, classification
or overall performance measures. Two independent
reviewers (MLV, TP) extracted variables from papers in
duplicate. Any disagreement was resolved by discussion
with the senior author.

Quality assessment
Each study was assessed for applicability and risk of bias by
two independent reviewers (MLV and TP). Any discrepan-
cies were resolved by discussion. Applicability considered
the extent to which the model could be used in preop-
erative or intraoperative prediction of AL according to
CHARMS criteria; itis reported as a ‘concern level’. Appli-
cability criteria (see table 1) were adapted from a frame-
work used in a systematic review of prediction models of
the outcomes of colorectal cancer in patients 265 years.9
PROBAST criteria (Prediction model Risk Of Bias
ASsessment Tool)!” ' were used to assess risk of bias in
four domains (participants, predictors, outcome and anal-
ysis) that can introduce systematic bias to model perfor-
mance calculations. Risk of bias questions were tailored
for use with model development orvalidation studies and
are detailed in online supplemental table S1.

Data synthesis and analysis

Extracted data are reported in tables including study
design, modelling methods, patient characteristics and
outcome definitions; predictors and presentation of final
model (ie, score chart, nomogram or calculator (paper or
online)); and model performance with associated valida-
tion studies. Quality assessments (applicability and risk of
bias) are described for all models. Online supplemental
material: predictor selection provides further detail about
statistical methods for predictor selection and modelling
methods used for each model developed.

Patient and public involvement
No patient involved.

RESULTS

Search findings

The literature search identified 834 records from OVID
and Embase with 8 additional records identified through
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other means, for example, searches of reference lists.
Seven hundred and two records remained after de-dupli-
cation and 642 were excluded on screening. Sixty publica-
tions were further reviewed for inclusion (figure 1), and
yielded 34 records. Of these, 28 records included 31 sepa-
rate Anastomotic Leak Prediction Scores (ALPS) (with
or without validation studies) and six records contained
external validation studies of prediction models (without
model development or adaptation) (see online supple-
mental tables S2a and S2ab).

For three study abstracts, full text English-language
articles were unavailable but adequate information
was presented to merit inclusion in the review; Jiang et
al’ published only Chinese full text; McKenna et al”

published a plenary presentation abstract; and Yao et al'*
was out of print.

Explanatory note

One ALPS that was externally validated by Sammour et
al” is the ACS NSQIP (American College of Surgeons
National Surgical Quality Improvement Programme)
online calculator that may be found at riskcalculator.
facs.org. Unfortunately, although the online calculator
offers risk prediction for AL, the Surgical Risk Calculator
development paper]6 did not document AL as a defined
outcome nor did it list the factors, method or model used
to offer AL risk prediction, either online or in published
material. As such it has not been included in the main

Records identified through
database searching:
n=834

Additional records identified
through reference list searches
and other sources: n=8

A 4 \ 4

Records after duplicates
removed: n=702

A 4

Records screened,
n=702

Records excluded, irrelevant: n=642

A 4

Articles assessed for
eligibility: n=60

Articles excluded: n=26

\ 4

Quantitative assessment
and data extraction:
n=34 articles
(with 31 nomograms)

4

e  Original data but no nomogram:
n=6

e  Nomogram included post-
operative risk factors: n=4

e  Systematic review, no
nomogram: n=2

e  Wrong endpoint: n=1

e Articleirrelevant: n=1

e  Same data published in different
journal: n=2

e Abstracts with inadequate data:
n=10

Summary of returns:

validation paper

12 models to predict AL after colon / colorectal anastomosis + 5 validation papers
19 models to predict AL after rectal anastomosis (16 separate, 3 from same papers) + 1

28 full papers, 3 abstracts with sufficient data presented for inclusion

Figure 1

Preferred Reporting ltems for Systematic Reviews and Meta-Analyses flow diagram.® AL, anastomotic leak.
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results. Of note, in Sammour’s study the ACS NSQIP
online score performed poorly, generating AUC of only
0.58."> ACS NSQIP registry data have however been used
to develop three other models that are included in this

review. 21718

Study designs

Included records are summarised in online supplemental
tables S2a and S2b. These outline the study origin, key
details of development datasets and patient/surgical
characteristics. They also report how the outcome (AL)
was defined, and identify the model validation methods
presented. For ease of comparison, studies are divided
into ALPS for colonic or mixed colorectal anastomoses
(online supplemental table S2a) versus those for rectal
anastomosis (online supplemental table S2b). All results
are divided into these two categories and presented by
date of publication. The earliest preoperative/intraoper-
ative ALPS was published in 2011. There was a breadth
of geographical study origin from East Asia, Europe and
the USA and validation studies from Australia and South
America.

Methods for model development were heterogeneous
with multivariable logistic regression (MVLR) featuring
most frequently (8/12 colonic/colorectal ALPS and
18/19 rectal ALPS) with or without methods to enhance
calibration such as ridge regression or LASSO (least abso-
lute shrinkage and selection operator) (4/31 ALPS) 2L
these methods are employed to reduce model overfit.** **
Other authors employed: systematic review methodology
with meta-analysis of risk factors (using individual patient
data® or pooling ORs from individual studies®); system-
atic review with Delphi consensus for factor value
(1/31)%; or machine learning (2/31).7” % Model devel-
opment datasets were also heterogeneous with single site
data (15/31), multicentre studies (6/31), registry data
(5/31) or data from systematic review creating the ALPS
development dataset (4/31), in one, the source was not
recorded. The number of patients included in model
development ranged from 79% to 87 950."

Patient populations

There was considerable heterogeneity between patient
populations, see online supplemental tables S2a and
S2b. All development datasets included patients under-
going cancer resection but studies that used registry
data such as the ACS NSQIP data'® '® or International
TaTME Registry” as well as those using systematic review
modelling method also included patients undergoing
benign bowel resections. While most studies included
any adult patients, two developed models exclusively for
patients >65 years.'” >’ Among patients with colonic or
colorectal resections, 4/12 models included non-elective
surgery compared with 2/19 models to detect AL after
rectal resection. Assessment of operative approach, that
is, whether open, laparoscopic or any mode surgery was
included; and inclusion (or exclusion) of patients with
a diverting stoma revealed notable differences between

the developed models. Patients with diverting stoma were
specifically included in development datasets for 3/12
colonic/colorectal and 11/19 rectal resection AL predic-
tion models.

Outcomes

Of all 31 models developed, AL was defined in 22 studies,
undefined in nine. Twenty models did not record the
outcome timeframe, and of the 11 that did, it ranged
from ‘during index admission’* to 8 months™ ** or ‘no
time limit’.”> There was further variability between the
studies in AL definition, with some studies including only
AL that required some mode of treatment, and others
including all cases of apparent AL on imaging regardless
of clinical course.

Validation

To validate their ALPS, authors used a variety of internal
or external validation methods. The validation methods
may be ranked for their risk of bias or overfitting
according to online supplemental figure S1, with the
apparent performance (performance estimated from
the same dataset used to develop the model) at highest
risk of bias. Of colonic/colorectal ALPS, 9/12 attempted
some form of external validation even if only in a subset
of patients with diverting stoma, the remaining three
studies reported internal split sample or 10-fold cross
validation. In contrast, only 6/19 rectal ALPS described
any attempt at external validation, 9/19 reported internal
validation using split sample or bootstrap techniques
and four studies made no attempt to validate their novel
model. TRIPOD (Transparent Reporting of a multivari-
able prediction model for Individual Prognosis or Diag-
nosis) provides explanations that describe the differences
between these methods and advantages/drawbacks of
different methods.”

Predictors
The number of predictors in the models varied between 3
and 33." All predictive factors used in the different ALPS
are displayed in online supplemental tables S3a and S3b.
The single most frequent predictor was patient sex, used
in 7/12 and 14/19 colorectal/rectal ALPS, respectively.

Of colonic/colorectal ALPS, 7/12 used American
Society of Anesthesiologists grade (ASA); 6/12 used
toxins (smoking, alcohol or steroids), 4/12 used body
mass index (BMI), 4/12 used neoadjuvant treatments,
3/12 used diabetes and 3/12 used age. 7/12 colonic/
colorectal ALPS required blood test results and 8/12
models required intraoperative details to complete the
score. The two models from Soguero-Ruiz et al required
electronic health record (EHR) data and machine
learning techniques.27 28

Of the 19 rectal ALPS, 8/19 used diabetes, 5/19 BMI,
4/19 ASA and just 2/19 age. 6/19 rectal ALPS featured
toxins; all six used smoking, with alcohol in 3/19 and
steroids as additional risk factor in 1/19. Neoadjuvant
treatments were a factorin 9/19 models. 9/19 rectal ALPS

4

Venn ML, et al. BMJ Open 2023;13:e073085. doi:10.1136/bmjopen-2023-073085


https://dx.doi.org/10.1136/bmjopen-2023-073085
https://dx.doi.org/10.1136/bmjopen-2023-073085
https://dx.doi.org/10.1136/bmjopen-2023-073085
https://dx.doi.org/10.1136/bmjopen-2023-073085
https://dx.doi.org/10.1136/bmjopen-2023-073085
https://dx.doi.org/10.1136/bmjopen-2023-073085
https://dx.doi.org/10.1136/bmjopen-2023-073085
https://dx.doi.org/10.1136/bmjopen-2023-073085

required blood test results with albumin level featuring
seven times. 16/19 scores could not be calculated until
intraoperative information was available and 15/19 scores
relied on tumour information, for example, distance
to anus or tumour diameter. Two rectal ALPS required
specialist input: Xiao et al's ALPS used measurement of
microvascular density in distal margin,” made possible
only with pathology expertise on-hand intraoperatively;
Yu et al’s study™ used measurement of pelvic dimensions.
While this can be easily calculated with modern CT equip-
ment, the surgeon must have forethought to review in
conjunction with the radiologist.

Predictor selection

Generally, studies either selected predictors based on
univariate analysis then performed MVLR, then ascribing
the corresponding weighting of each independent risk
factor to produce a prediction model, or used MVLR to
identify significant risk factors using another approach
such as stepwise selection. Methods for predictor selec-
tion are described in supplementary material: Predictor
selection. Three authors (producing four ALPS)
recognised the risk of overfitting their models and
attempted to control this with ridge or LASSO regression
techniques.'*'

One model® used Delphi consensus to assign the
weight of each risk factor identified at systematic review.
Soguero-Ruiz et alused the free text from EHRs to create a
prediction model*” and augmented this with the addition
of blood results and vital signs® in a second published
model.

Applicability

Table 1 shows the ‘concern levels’ for model applica-
bility according to the CHARMS checklist,” where models
are assessed for their ability to preoperative or intraop-
eratively predict AL following colorectal resection and
primary anastomosis. 5/12 colonic/colorectal and 13/19
rectal ALPS attracted low concern for applicability in
participant selection. Concerns were raised when inclusion
criteria were undeﬁned,27 a small cohort was used, or key
information (eg, stoma inclusion) was missing, but only
reached high level of concern in one study that published
few details about the development dataset.?’

Studies with predictors that are readily available preop-
eratively attracted low applicability concerns however all
colonic/colorectal ALPS and 16/19 rectal ALPS had at
least moderate concern due to the need for either intra-
operative information (eg, intraoperative blood loss
or transfusion, height of anastomosis, operation time);
requirement for specialist assessment (eg, pelvic dimen-
sions on imaging™ or machine learning techniques27 y;
or >20 factors included.' % 3/19 rectal ALPS achieved
low applicability concern for predictors' * 57 with an
otherwise almost even mix of moderate and high concern
level.

Applicability concern was low for outcomes in 3/12
colonic/colorectal ALPS and 7/19 rectal ALPS. This

could be achieved if the study defined both the AL and
the prediction horizon (timeline to detect AL).*® 5/12
and 3/19 colonic/colorectal and rectal ALPS neither
defined AL nor the timeframe in which the complication
was sought, inferring high concern level.

Model performance

Online supplemental tables S4a and S4b show that the
most common reported performance measure was the
AUC, reported for 27/31 ALPS. This is a measure of
discrimination and with a binary endpoint, is equivalent
to the concordance or C-index reported in some studies
and marked as ““ in the table. The measure represents
the probability that for any random pair of individuals,
one with, one without the outcome, the model will assign
a higher probability to the one with the outcome. An
AUC or C-index was reported for 27/31 ALPS models,
either measuring the apparent performance only17 245539
(performance in development dataset), or reporting an
internal or external validation test.

Among colonic/colorectal ALPS, Pasic and Salkic®
reported the highest AUC of 1.0 though they used the
smallest number of patients (n=40) in a split sample
internal validation cohort. The lowest reported AUC
of 0.62 was reported by Frasson et al," using a 10-fold
internal cross-validation dataset. For rectal ALPS, Crispin
et al,lg documented the weakest discrimination at 0.595
while Cheng et al,*' achieved an AUC of 0.952 in a small
(n=94) split sample internal validation cohort.

Seven studies performed independent external valida-
tion, that is, validation of an ALPS other than their own
model. Interestingly, only two ALPS; CLS score (Colon
Leakage Score)® and ANACO (ANAstomotic leak after
COlon resection for cancer)*” were subject to indepen-
dent external validation from a separate research group.
Five of seven papers reporting evaluation of another
ALPS were only validation papers (see external validation
papers in online supplemental table S2a) with others® *
re-evaluating CLS ALPS® in addition to developing their
own ALPS. The results from external validation papers
are reported in bold (online supplemental table S4)
with the original published model shown underneath for
comparison. The external validation datasets included
fewer patients (range 83-972 patients) and consequently
had fewer events than the model development studies.
These smaller cohorts result in weaker discrimination
results.

In addition to discrimination, 5/12 colonic/colorectal
ALPS (only three in external validation datasets) and
13/19 rectal ALPS presented results for calibration. For
rectal ALPS, three were calibrated in the original unad-
justed dataset, six in internal validation and only four
models in external validation datasets. Models tend to be
well-calibrated in their own development dataset, which
diminishes the value of calibration results in this context.
Calibration was usually reported in plots or charts by
comparing predicted risk by deciles, against observed
AL rate. Three groups'® * ! used a Hosmer-Lemeshow
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Table 1 Applicability concern levels of Anastomotic Leak Prediction Scores models according to CHARMS checklist

Colon/colorectal resection

Rectal resection

models Applicability concern level models Applicability concern level
Participant Participant

Author, score selection Predictors Outcome Author, score selection Predictors Outcome

Dekker et a”®, CLS M M M Park et al*® L M L

Pasic and Salkic®® M M M Yao et al'* M M M

Frasson et al*’, ANACO L M L Liu et al’ L H M

Rojas-Machado et al*®, M H M Hu and Cheng® L H L

PROCOLE IP

Soguero-Ruiz et a*’, Bow H H H Rojas-Machado et ai?®, M H M

PROCOLE LAR*

Soguero-Ruiz et al*8, M H H Crispinetal’®, DGAV M H H

Hetero-data rectum*

Crispin et al'®, DGAV colon H Kim et af*? M

Rencuzogullari et al'’, ACS L M L Watanabe et al*’ L L M

NSQIP>65

Shen et al*' M H Hoshino et al*® L M

Yang et a/*°, m-CLS L M Liu et a/** M M L

McKenna et al'®, LEFT ACS L M L Cheng et al*! L M

NSQIP

McKenna et al'®, RIGHT L M H Arezzo et al** M H H

ACS NSQIP

Table does not include validation studies. Jiang et al’? M L H

Penna et al*° L L L

Xiao et al*® L H L

Zheng et al*’ L M M

Shiwakoti et al*® L M M

Key to applicability scores described below, developed according to  Yu et al*®, Gender L M L
PR ot

CHARMS criteria’: *Yu et al33, Pelvic L H L

dimensions

Aspect of model development Grade Criteria (AL)

Applicability concern ...

Participant selection L Low if ... Consecutive participants, well defined
inclusion/exclusion criteria, ideally
multiple settings/centres

M Moderate if ... Somewhat representative of colorectal
population, mostly defined, some
information absent (eg, whether stoma
included) or small cohort

H High if ... Not representative of colorectal
surgery population OR inclusion
criteria missing

Applicability concern ...

Predictors L Low if ... Predictors readily available for all
patients AND available preoperatively

M Moderate if ... Predictors readily available for all
patients but may include intraoperative
factors OR available preoperatively
but one or more factor may not be
universally available

Continued
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Table 1 Continued

Aspect of model development

Grade

Criteria (AL)

H High if ...

Neither criteria met, or high inter-
operator variability of factor for
example, height of anastomosis,
or specialist assessment required
(radiology, histopathology), or >20
factors

Applicability concern ...

Outcome L Low if ... AL AND duration of follow-up for AL
defined
M Moderate if ... AL OR duration of follow-up for AL not
defined
H High if ... Neither AL criteria met

*Same paper, additional prediction model.

ACS-NSQIP, American College of Surgeons National Surgical Quality Improvement Programme; AL, anastomotic leak; ANACO, Spanish
study on ANAstomotic leak after COlon resection for cancer; BoW, bag of words (term used for free text extracted from electronic health
records); CHARMS, CHecklist for critical Appraisal and data extraction for systematic Reviews of prediction Modelling Studies; CLS,
Colon Leakage Score; DGAV, German Society for General and Visceral Surgery; m-CLS, modified Colon Leakage Score; PROCOLE IP,
prognostic colorectal leakage score intra-peritoneal; PROCOLE LAR, prognostic colorectal leakage score low anterior resection.

test of agreement that divides patients into 10 groups by
predicted probabilities and computes a y* statistic from
the observed versus expected frequencies. Dekker et al®
produced a scatter plot of the CLS score in consecutive
patients, colouring patients with AL a different colour but
this is not a true calibration plot.

When a probability threshold is selected, it is also
possible to report classification measures such as sensi-
tivity, specificity, positive and negative predictive values
and likelihood ratios all of which have been displayed
when reported (5/12 colonic/colorectal and 2/19 rectal
ALPS). Finally, overall performance measures may be
employed, for example, Crispin et al used the Brier score,
but did not report discrimination."” The Brier score™ *!
evaluates accuracy of prediction. A lower score (near 0)
indicates a better performance. Itis not considered a good
test for prediction models with imbalanced classes so may
be considered an inferior choice of test in predicting AL
in cohort groups. Moreover, the Brier score was only used
in one study in this review so could not be used as a model
comparator.

Three Chinese research groups attempted to ascer-
tain the clinical value of their model using ‘decision curve
analysis’ to obtain a value of net benefit, this is a figure
calculated based on the true positive minus the false posi-
tive rate of using the model at a particular threshold.*
Pasic and Salkic™ tested their model in a small cohort
of patients to evaluate its effectiveness in avoiding AL by
altering the operative plan at particular risk thresholds,
see online supplemental file 1 case study 1.* Park et al*®
re-analysed patients excluded from the development
dataset due to diverting stoma placement and calculated
the number of stomas that would have been avoided were
the model used, see online supplemental file 1 case study

2.

33-35

The heterogeneity in patient groups, outcomes and
performance reporting made meta-analysis of the perfor-
mance of predictors in our review impossible. Examples
of ROC curves, calibration plots and nomograms can be
found in TRIPOD pages W51-W53.

Risk of bias

Every paper was dual assessed, see table 2, for risk of bias
in the following domains; participant, predictor, outcome
and analysis. Results for colonic/colorectal and rectal
ALPS were similar. Risk of bias in participant selection was
low in 8/12 colonic/colorectal and 17/19 rectal ALPS
but increased where patients were selected in an unsys-
tematic manner®” 2 or patients with missing variables
were excluded.” The exclusion of patients with missing
(variable) data repeatedly increased the risk of bias in the
external validation studies.® > #%°

Predictors were generally well-defined and were avail-
able for use preoperatively or intraoperatively leading
to low risk of bias in 10/12 colonic/colorectal and 9/19
rectal ALPS. By contrast, risk of bias was raised where the
model was developed through systematic review such that
some variables were undefined,* ** or if predictors were
difficult to obtain intraoperatively such as microvascular
density in the distal resection margin® or left colic artery
preservation status that is subject to error.'* Inclusion of
variables such as tumour diameter® %447 that could be
subject to error unless the resected specimens accurately
measured, introduced unclear risk of bias.

Where AL was undefined, the risk of bias for outcomes
was recorded as high; where the time interval for AL to
occur was not documented, this was recorded as unclear
risk of bias. Increased risk of bias was also introduced
where the outcome was defined in different ways for
some participants, for example, in datasets derived from
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Table 2 Risk of bias level according to PROBAST (Prediction model Risk Of Bias ASsessment Tool)'® !

Colon/colorectal resection models Potential bias
Author, model Data source and participants Predictors Outcome Analysis
Dekker et al*®, CLS Unclear High High High
Pasic and Salkic®® Low Low Unclear High
Frasson et al*’, ANACO Low Low Low High
Rojas-Machado et ai?®, PROCOLE IP Low Unclear Unclear High
Soguero-Ruiz et al*’, Bow High Low High High
Soguero-Ruiz et al*®, Hetero-data High Low High High
Crispin et al'®, DGAV colon Low Low High Low
Rencuzogullari et al'’, ACS NSQIP>65 Low Low Low High
Shen et al*' High Low High High
Yang et a”®, m-CLS Low Low Unclear High
McKenna et al'®, LEFT ACS NSQIP Low Low Low High
McKenna et al'®, RIGHT ACS NSQIP # Low Low High High
Nalidationstudies
Yu et a/** High Low Unclear High
Sammour et al® High Low Low High
Sammour et al'® High Low Low High
Mufioz et al*® High Low Unclear High
Klose et al® High Unclear Unclear High
Rectal resection models Potential bias
Author, model Data source and participants Predictors Outcome Analysis
Park et al*® Low Low Low High
Yao et al'* Unclear High High Unclear
Liu Y et al®' Low Low Unclear High
Hu et al* Low Low Low High
Rojas-Machado et a/®, PROCOLE LAR* Low Unclear Unclear High
Crispin et al'®, DGAV rectum* Low Low High Low
Kim et al®? Low Low Unclear High
Watanabe et al®*” Low Low Unclear High
Hoshino et al*® Low Unclear Unclear High
Liu et a** Low Low Low High
Cheng et al*' Low Low Unclear High
Arezzo et al** Unclear High High High
Jiang et al"*t Low Low High High
Penna et a/*® Low Unclear Low High
Xiao et al*® Low High Low High
Zheng et al"’ Low Unclear Unclear Low
Shiwakoti et al*® Low Unclear Low High
Yu et af*® Low Unclear Low High
Yu* et al*® Low Unclear Low High
Nalidationstudies
Miyakita et al®” High Unclear Low High

PROBAST criteria for applicability scores in online supplemental table 1.

*Additional model in same paper.

TAbstract only.

ACS-NSQIP, American College of Surgeons National Surgical Quality Improvement Programme; ANACO, Spanish study on ANAstomotic leak after
COlon resection for cancer; BoW, bag of words (term used for free text extracted from electronic health records); CLS, Colon Leakage Score; DGAV,
German Society for General and Visceral Surgery; m-CLS, modified Colon Leakage Score; PROCOLE IP, prognostic colorectal leakage score intra-
peritoneal; PROCOLE LAR, prognostic colorectal leakage score low anterior resection.
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a systematic review. 6/12 colonic/colorectal and 4/19
rectal ALPS were classified as high risk of outcomes bias
with another 4/12 and 6/19 at unclear risk of bias.

Risk of bias in analysiswas assessed for the strongest form
of validation reported in each paper that is, external vali-
dation if available, then internal validation or apparent
performance if no validation tests were reported (see
online supplemental figure S1 for validation hierarchy).
Risk of bias in analysis was almost uniformly high (11/12
colonic/colorectal and 16/19 rectal ALPS) with a broad
range of weaknesses including low event or event: variable
rate; mismanagement of continuous predictors converted
into 22 categories in prediction models; inadequate
handling of missing data; and incomplete reporting of
key model performance measures such as discrimination
and calibration. Only two studies achieved low risk of
analysis bias.'’ *” Among the external validation papers,
all six were at high risk of bias with small cohorts and
inadequate event: variable rates.

DISCUSSION

This review identified 31 ALPS in 28 model develop-
ment studies; 12 for colonic or colorectal AL and 19 for
rectal AL. There were methodological concerns in most
studies, with 16 models lacking external validation, only
18 studies reporting calibration and, strikingly, a high risk
of analysis bias identified in 27/31 models. The six studies
offering independent external validation only centred
around two models (CLS* and ANACO™Y). They tended
to have small sample sizes, did not properly report model
calibration and, despite some improved discrimination
results, could not be used to support model use in clin-
ical practice due to consistently high risk of participant
and analysis bias. As per TRIPOD guidance, ‘In valida-
tion studies, assessment of both discrimination and cali-
bration is fundamental’.*® All but one study by Penna et
al,” raised concerns for applicability, putting into ques-
tion how the ALPS could actually be applied to colorectal
patients in practice. Models that are likely best calibrated
are those that have used ridge or LASSO regression,” **
but without external validation, these models must still be
used with caution.

Study limitations

Study selection was rigorous and it is unlikely we have
missed further ALPS (beyond ACSNSQIP’s online calcu-
lator, see the Results section and the Search findings
subsection) however our review has some limitations.
First, it included only preoperative and intraoperative
ALPS on the basis that the best opportunity to avoid an
anastomosis or choose a diverting stoma is in theatre.
Other prediction scores, which may perform well (and
have a place in ruling out leak to enable early postoper-
ative discharge), were excluded for including postopera-
tively assessed factors. Second, we have not attempted an
individual participant data meta-analysis using multiple
datasets from our review, though such an approach might

offer an opportunity for cross-validating existing models
or developing a new model. Key challenges included the
lack of uniformity in defining AL and the mixed poli-
cies for inclusion or exclusion of patients with diverting
stomas.

Third, search strategies could be further optimised: our
latest search is 2 years ago. Though this review searched
two databases, recommendations from the Study Center
of the German Society of Surgery, propose that surgical
systematic reviews should in addition search Web of
Science, and Cochrane Central Register of Controlled
Trials (CENTRAL).*™ We also reflect that exact search
terms should be recorded including controlled vocabu-
lary; the use of the Boolean operator NOT for ‘vascular
anastomosis’ is not considered best practice, and dupli-
cate, blinded citation screening for all citations would
strengthen the methodology.

Improving methodology

Reporting practice has changed since 2015 TRIPOD guid-
ance.” Studies published prior to 2015 frequently lacked
key performance measures that enable comparisons to be
drawn. Where external validation studies were performed
of older (pre-2015) ALPS, there was a tendency for vali-
dation study authors to report similar statistical measures
and reproduce any miscellaneous figures published in
the original model development study, adapted for the
external cohort.” While model performance reporting
before TRIPOD was variable, uniformity in reporting is
still lacking, however, some papers have demonstrated
better guidelines adherence.” 7

Risk of bias is a critical aspect of study evaluation but
is frequently omitted from review papers or ignored by
the reader. Where performance measures lead the reader
to believe an ALPS is effective, particularly if it is from
an external validation dataset, if the risk of bias demon-
strates inadequate methodology and a high risk of bias,
then the premise that the ALPS is effective, is under-
mined. The surgeon should exercise caution in choosing
a leak prediction score.

Studies that develop a model must report its perfor-
mance either in the development cohort with internal
validation or ideally in an external validation set. A model
is likely to have good calibration in the development
cohort so discrimination is the most (but not the only)
important measure of performance. In external valida-
tion studies (either within the same paper or in indepen-
dent study groups testing a model) it is important also
to report calibration (agreement between predicted and
observed probabilities).” This may be achieved with cali-
bration plots in risk deciles with a ‘smoothed lowess line’
or sometimes in a table.” *® The Hosmer-Lemeshow test
is a statistical test that can be applied to report level of
agreement however itis no longer recommended because
it artificially groups patients into categories then gener-
ates a p value that has low statistical power and cannot
describe the type or extent of miscalibration.*’
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Future research

To optimise existing ALPS, large scale validation studies
should be performed, with calibration the key measure.
It is neither possible nor realistic to assume that patient
populations remain static, so calibration and re-calibra-
tion over time and across different geographic popula-
tions could optimise performance and result in safer
operative decisions.

In model development, it would be prudent to include
all patients regardless of diverting stoma placement.
Authors should calculate model performance with and
without patients with diverting ostomies. This would help
to avoid a selection bias by exclusion of an important
group of high-risk patients, but address the fact that leaks
may be subclinical in the context of stoma diversion so
also calculating performance after excluding this group.

Authors of any future ALPS should adhere closely to
TRIPOD guidance.” This is demanding and highly spec-
ified but it would guide authors toward adequate sample
sizes, applicability and low risk of bias. Future studies
should avoid the routinely missed detail (such as handling
of missing data); the methodological pitfalls (such as
univariate factor selection before MVLR); the guilt of
omission (absent calibration plots) and a mistaken focus
(such as on p values for AUC).

The high risk of bias identified in this review is consis-
tent with literature findings of other systematic reviews of
prediction models.”” PROBAST guidelines'” are clear but
have stringent requirements particularly for assessment
of analysis bias, and these exacting requirements do not
differentiate between a study that achieves eight of nine
criteria from one that achieves no criteria; all are consid-
ered high risk for bias. Future iterations of PROBAST
might consider further dividing the analysis domain into
methods of analysis, validation and reporting of model
performance.

CONCLUSION

This review provides the reader with an overview of
existing ALPS, their strengths and shortcomings. Several
models appear to perform well in discriminating patients
at highest AL risk but all raise concerns over risk of bias,
and nearly all over wider applicability. While we have been
able to report the popularity of individual risk factors in
ALPS, we are unable to recommend best performing
factors because of poor reporting practices and meth-
odological shortcomings. There is potential for effective
preoperative and intraoperative risk calculation to guide
operative decision-making but selection and re-calibra-
tion of the best ALPS with large-scale, precisely reported
external validation are needed to benefit colorectal
patients.
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