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ABSTRACT 

Introduction:  
Sarcopenia is a progressive and generalised skeletal muscle disorder involving the 

accelerated loss of muscle mass and function that is associated with increased adverse 
outcomes. Psoas muscle area and density represent an analytic morphometry and an easy way 
to define sarcopenia.  

The aim of this study was to validate these morphometric predictors in survival, in major 
cardiovascular and cerebrovascular events (MACCE) and in major adverse limb events (MALE) 
on Transatlantic Inter-Society Consensus type D (TASC D) aorto-iliac peripheral artery disease 
(AI-PAD) patients. 

Methods: A cohort of consecutive patients undergoing revascularization of AI-PAD with 
lesions classified as TASC D were retrospectively included from the period of January 2013 to 
July 2019 at two Portuguese centers, a referral center, and a peripheral hospital. For inclusion 
the patient had to present a recent (<6 months) computed tomography (CT) previously to the 
revascularization procedure. Both centers offered to their patients open and endovascular 
repair of AI-PAD.  

Results: In total, 57 TASC D AI-PAD patients were included.  The median follow-up was 
20 months (95% confidence interval [CI], 0-42.6). Survival at 30-days was 93 ± 3.4% and at 48 
months was 62.7 ± 8.6%.  

For both predictors the best discriminative threshold was obtained (2175.8 mm2 for TPA 
and 51.75 HU for PMD). With these thresholds, both morphometric variables were transformed 
in categoric variables and longitudinal analysis was applied. Statistical significance for TPA was 
demonstrated, but not for PMD, for both 1-year survival (P=0.003 and P=0.291, respectively) 
and MACCE (P=0.005 and P=0.206, respectively). None showed statistical significance for MALE 
(P=0.516 and P=0.313, respectively). 

Conclusion: In this study, TPA and PMD were tested for the advantage of being less time-
consuming and so, more pragmatic for clinical application. TPA demonstrated prognostic value 
for survival and MACCE concerning patients with TASC D AI-PAD lesions in a Mediterranean 
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population. It is possible that they become independently or part of a still-to-define frailty score, 
applicable predictors, adding not only prognostic but also possible therapeutic monitoring. 

 
INTRODUCTION 

The aorto-iliac (AI) sector represents one of the biggest decisional and therapeutic 
challenges of the peripheral arterial disease (PAD). Since several options are available for AI-PAD 
treatment, contemporary therapeutic decision considers several factors further than anatomic 
ones. Frailty and sarcopenia are risk predictors emerging in several areas including vascular 
surgery since are frequent conditions among vascular patients (1, 2).  

Sarcopenia is a progressive and generalised skeletal muscle disorder involving the 
accelerated loss of muscle mass and function that is associated with increased adverse 
outcomes including falls, functional decline, frailty and mortality (3). Although commonly being 
regarded as an age-related process, it is very frequent in life-threatening pathology (3). Psoas 
muscle area and density represent an analytic morphometry and an effortless way to define 
sarcopenia. Low total psoas area (TPA) has been associated with major complications and 
mortality in vascular, trauma, cancer and transplant surgery (4-12). Low psoas muscle density 
(PMD) is also being described as a predictor of mortality in cardiac (13), cancer (14-17) and 
trauma surgery (18) as well as in other pathologies (19, 20). Identifying patients at risk is an 
important step in the decision-making process of whether a patient would benefit from an 
intervention or even understand if there is any reversibility and preoperative optimization that 
can be provided to the patient in order to improve outcomes. However, the ongoing research 
and subsequent clinical utility is being challenged by different definitions and the still 
undisclosed optimal frailty tool to use in vascular surgery and its subpopulations. 

The aim of this study was to validate these morphometric predictors in survival and in 
cardiovascular and cerebrovascular endpoints on extensive AI-PAD patients. 

 
 

METHODS 
A cohort of consecutive patients undergoing revascularization of AI-PAD with lesions 

classified as  Transatlantic Inter-Society Consensus type D lesions (TASC D) (22) (A.P.N. and 
J.R.N.) were retrospectively included from the period of January 2013 to July 2019 at two 
Portuguese centers, a referral center and a peripheral hospital. For inclusion criteria the patient 
had to present a recent (<6 months) computed tomography (CT) before the revascularization 
procedure. Both centers offered to their patients open and endovascular repair. Patients with 
aneurysmatic disease or other etiology rather than atherosclerosis were excluded. The study 
protocol was approved by the local Ethics Committee and is according to Helsinki declaration 
(23). 

Data was obtained by an ongoing vascular registry and from detailed review of the 
patient’s clinical records. All data regarding patients and procedure were defined according to 
the Society for Vascular Surgery reporting standards for lower extremity ischemic peripheral 
arterial disease (24). 

 
Definitions 

Major Adverse Cardiovascular and Cerebrovascular Event (MACCE) was defined as a 
composite outcome of stroke, myocardial infarction, coronary reintervention, acute heart 
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failure and all-cause death. Major Adverse Limb Event (MALE) was defined as loss of primary 
patency (interventions for assisted primary patency, secondary patency or loss of patency 
without reintervention), and major amputation.  

TPA as well as PMD were assessed on CT using the program Sectra 7® (SectraMedical - 
Linkoping, Sweden). For measurement purposes, a single cross-sectional slice at the upper level 
of L4 was used.  The borders of the left and right psoas muscle were hand marked using the 
region of interest tool in mm2 and the TPA constituted the sum of both areas (9). Psoas muscle 
density was calculated by the average of bilateral Hounsfield Units (HU) of the psoas muscle 
cross-sectional area. Measurements were obtained by the mean of the measurements made by 
two independent trained researchers (A.P.N. and L.G.) using standard graphics tools available in 
Sectra workstation IDS7®. Protocol was strictly followed and both researchers were blinded to 
previous measurements and clinical data. 

For statistics purposes, SPSS (IBM Corp., released 2017. IBM SPSS Statistics for Windows, 
version 25.0, Armonk, NY, USA) was used. Baseline characteristics were compared using Chi-
Square, Student t-test and Mann-Whitney, as appropriate. Outcome variables were expressed 
as Kaplan-Meier curves. Differences in baseline features were tested upon outcomes variables 
using log rank test. The threshold for significance was set for a P value <0.05.  Risk stratification 
criteria were based on optimal sensitivity and specificity generated from receiver operating 
characteristic (ROC) curve analysis and the Youden index. Using the above-mentioned 
thresholds, both morphometric variables were transformed in categoric variables and 
longitudinal statistics was applied 

The necessary sample for a two-sided test a survival test was calculated resorting to 
WinPepi® V11.65, aiming for a statistical power (β) of 80% and an α<0.05 (25). The described 
survival rate at 1-year follow-up is above 90% (26) for an event rate difference of 30% between 
groups the estimated sample was 52 patients (27). 

 
RESULTS 
Baseline characteristics  
 Table 1 summarizes the results of the demographic and clinical data from patients 
undergoing revascularization for aorto-iliac TASC-D lesions. 

In total, 57 TASC D AI-PAD patients that underwent revascularization had a CT meeting 
all the inclusion criteria. Mean age was 60 ± 8.2 years old and 96% of the patients were male. 
Smoking (current or former smoker) (96.0%), arterial hypertension (64.9%) and dyslipidemia 
(64.9%) were the most prevalent cardiovascular risk factors in this population. Thirty-five 
patients (61.4%) presented with limb threatening ischemia (Table 1). 

Open surgery was the preferred method by the surgeon with 32 (56.1%) open surgeries 
vs 25 patients (43.9%) who underwent endovascular therapy. Technical success in the first 
procedure was achieved in 51 patients (89.5%). In 5 patients with a failed endo-first approach, 
a later open surgery (aortobifemoral) was performed yielding a total of 56 (98.2%) successfully 
revascularizations. The mean ABI value increased from 0.30 ± 0.11 to 0.77 ± 0.18 after successful 
treatment. 
 
Sarcopenia assessment 

Psoas Muscle Area ranged from 1285 to 3459 mm2 with a mean ± standard deviation of 
2447 ± 491.4 mm2 and PMD ranged from 28.5 to 87.5 HU with a mean ± standard deviation of 
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50.2 ± 11.23 HU.    
 
Survival  

The median follow-up was 20 months (95% confidence interval [CI], 0-42.6). Survival at 
30-days was 93 ± 3.4%, at 1-year was 78% ± 6.4% and at 48 months was 62.7 ± 8.6%. By the end 
of follow-up 16 patients had died. 

When performing ROC curves for 1-year mortality, TPA performed better comparing 
with PMD, obtaining an Area Under the Receiver Operating Curve (AUROC) of 0.721 (95% CI, 
0.477-0.966; Figure 1) while PMD had an AUROC of 0.596 (95% CI, 0.405-0.788; Figure 1). The 
best discriminative threshold was obtained based on ROC curves and Youden index. For TPA the 
threshold was set at 2175.8 mm2 with a 70% sensitivity and 89.3% specificity and for PMD was 
51.75 HU with 80% sensitivity and 50% specificity.  

Using the above-mentioned thresholds, both morphometric variables were transformed 
in categoric variables and longitudinal analysis was applied. Statistical significance for TPA 
(P=0.003; Figure 2) was demonstrated, but not for PMD (P=0.291; Figure 2). 

TPA below threshold had a 1-year survival of 35.5 ± 15.6% and above 92.9 ± 4.0% 
(P=0.003) (Figure 2). PMD below threshold had a 1-year survival of 68.9 ± 9.5% while above 
threshold had a 1-year survival of 89.3 ± 7.2% (P=0.08) (Figure 2). 
 
MACCE 

Of the studied population, during follow-up, 19 patients presented a MACCE. When 
performing ROC curves for 1-year MACCE, TPA was superior to PMD as a morphometric 
predictor, obtaining an AUROC of 0.702 CI 95% [0.477 – 0.928] (P=0.045) while PMD had an 
AUROC of 0.592 CI 95% [0.406 – 0.77] (p=0.360) (Figure 1).  

The TPA scoring point was once again 2175 mm2 with 67% sensitivity and 89.3% 
specificity. For PMD the threshold was 51.7 HU, with 75% sensitivity and 53.6% specificity. 
Statistical significance for TPA (P=0.005) (Figure 2) was demonstrated, but not for PMD (P=0.206) 
(Figure 2).  

TPA below threshold had an 18-month survival of 32.6 ± 14.7% and above 90.5 ± 4.5%. 
PMD below threshold had an 18-month survival of 67.1 ± 9.4% while above threshold had an 
18-month survival of 85.6 ± 7.8%. 
 
MALE 

Of the studied population, there were 14 MALE events.  ROC curves for 1-year MALE 
showed poor prediction ability for both TPA (AUROC of 0.583 [95% CI, 0.366-0.799]) (Figure 1) 
and PMD (AUROC of 0.55 [95% CI, 0.326-0.773]) (Figure 1).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
Concerning MALE thresholds, ROC analysis was also performed. For TPA, 2449 mm2 
demonstrated the best performance with 63.9% sensitivity and 54.5% specificity while for PMD, 
45.5 HU was the best cut off point with 54.5% sensitivity and 63.6% specificity.  

Using the Kaplan Meier method with the categoric variables obtained by ROC curve 
analysis, no statistical significance either for TPA (P=0.516) (Figure 2) or PMD (P=0.313) (Figure 
2) was found.  
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Length of stay 
Neither TPA (P=0.557 and P=0.734, respectively) or PMD (P=0.331 and P=0.447, 

respectively) were associated with the length of stay in nursery or intensive care unit. 
 

DISCUSSION 
In this study, TPA and PMD were tested for the advantage of being less time-consuming 

and more pragmatic for clinical application. Furthermore, despite being important prognostic 
markers, the literature presents a gap regarding the threshold of morphometric parameters to 
define sarcopenia consistently or the risk patients. In this study, TPA< 2175 mm2 was validated 
has a diagnostic cut-off for this Mediterranean population, mainly composed of male patients. 

While TPA reflects frailty and a propensity towards lower functional status, PMD reflects 
frailty with a close relationship to patient nutritional status (28), as also higher densities were 
related with lower inflammatory markers (29). Literature about PMD is scarce compared to TPA, 
inclusively in vascular surgery. A lack of universal thresholds for defining low PMA and PMD and 
substantial differences in the measurements across the included studies are the main challenges 
to PMA and PMD use as stated before.  

Chowdhury et al.(30) tested different morphometric predictors including TPA and PMD 
in older vascular surgery patients, and concluded that TPA was significantly associated with 
readmission-free survival but no statistical significant result concerning PMD was detected.  TPA 
is validated for abdominal aortic aneurysms (5, 31) and with growing literature concerning 
peripheral arterial disease (1, 9). Nowadays is considered a frailty tool with moderate quality 
and capable of predicting long-term survival after major vascular surgery (32). These studies 
corroborate the previous evidence available in other surgical fields, revealing higher risk of 
mortality for lower TPA (6, 11, 14, 16).  

Neither TPA or PMD revealed statistical significance for MALE (P=0.516 and P=0.313, 
respectively). In previous studies, PMD also failed to achieve statistical significance with PAD 
severity  or amputation free survival . 

Several clinical applications are evident from the results of this study. First, TPA was 
validated as survival and MACCE predictor concerning patients with aorto-iliac TASC D lesions in 
a Mediterranean population. Sarcopenia does not imply non-operability but rather tailored 
planning for this group, with careful perioperative interventions. Therefore, frailty should be 
regarded as a therapeutic target with peri-operative management and close monitoring and 
follow-up. In order to slowdown frailty and sarcopenic progression, multiple interventions are 
advised such as nutritional intervention, physical rehabilitation and planned discharge with 
home assistance, although still with poor supporting evidence (34, 35). Second, these predictors, 
mainly TPA, present the advantage of being ready collectable alongside with the increase 
number of CTAs as part of medical investigation. It is possible that they become independently 
or part of a still-to-define frailty score, adding not only prognostic but also possible therapeutic 
monitoring (36, 37).  

 
Limitations 
Being a two-institution retrospective cohort, several limitations arise. Selection bias was 

present since the frailest patients might were deemed non-eligible for revascularization. 
Another major limitation arising from selection bias, is the fact that in this cohort, patients with 
iliac stent had smaller areas.  External validity is limited due to the specificity of this subset of 
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patients.  Although efforts were made to minimize missing data, 44% of patients were excluded 
because of missing CTs largely from peripheral hospitals that drained the patients to the referral 
center, which were not uploaded to the electronic system. Furthermore, it is possible that 
different cut-off values regarding gender may apply (38), although this was not addressed in this 
study, since the sample is manly composed of males. 

These limitations aside, this study provides a useful evaluation of growing literature on 
sarcopenia as a predictor of outcomes in vascular surgery. 

 
 

CONCLUSION 
In this study, TPA demonstrated prognostic value for survival and MACCE concerning 

patients with aorto-iliac TASC D lesions while allowing fast straightforward assessment with 
reproducibility. However, neither TPA or PMD revealed statistical significance for MALE. This 
study adds to the growing literature on sarcopenia as a predictor of outcomes in vascular surgery 
and should be seen as a stimulus for further research to achieve the full potential of these 
markers in the guidance for clinical decision, patient counseling on operative risk and 
management of perioperative interventions by multidisciplinary teams in order to improve 
outcomes. 
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ATTACHMENT 

 

Table 1 – Demographic and clinical data from patients undergoing revascularization for aorto- iliac TASC 

D lesions. 

 

Variables n=57 
Demographics  

Age (years), mean ± SD 60 ± 8.2 
Sex (male), n (%) 55 (96) 
Cardiovascular risk factors  

HTN, n (%) 37 (64.9) 
Smoking, n (%) 55 (96) 
CKD, n (%) 7 (12.3) 
DM, n (%) 19 (33.3) 

Dyslipidemia, n (%) 37 (64.9) 

Comorbidities  

CAD, n (%) 14 (24.6) 
CHF, n (%) 4 (7) 
COPD, n (%) 5 (8.8) 
Functional Status, n (%)  

Dependent 0 
Partially Dependent 4 (7) 
Independent 53 (93) 

ASA, mean ± SD 2,6 ± 0.59 
Limb status  

Rutherford, n (%)  
3 17 (29.8) 
4 27 (47.4) 
5 9 (15.8) 
6 3 (5.3) 

Limb threatening ischemia, n (%) 35 (61.4) 
Intervention  

Open, n (%) 32 (56.1) 
Endo, n (%) 25 (43.9) 

 
 
 

Legend: SD – standard deviation; HTN – Hypertension; CKD (creat>1.5mg/dl); DM – Diabetes Mellitus; 

CAD – Coronary Arterial Disease; CHF – Chronic Heart Failure; COPD - Chronic Obstructive Pulmonary 

Disease; ASA – American Society of Anesthesiologists Classification 
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Figure 1 – A. ROC curves for 1-year mortality for TPA. B. ROC curves for 1-year mortality for PMD. C. ROC curves for MACCE for TPA. D. ROC 
curves for MACCE for PMD. E. ROC curves for MALE for TPA. F. ROC curves for MALE for PMD. 

AUROC - Area Under the Receiver Operating Curve 

MACE – Major Adverse Cardiovascular Event, MALE – Major Adverse Limb Event, TPA – Total Psoas Area, PMD – Psoas Muscle Density.  
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Figure 2 - Survival plots. 12 and 18 months follow-up Kaplan Meier survival plots for different clinical events post- Aorto-iliac revascularization, for Total 
Psoas Area and Psoas Muscle Density. A – MACCE for total Psoas Area; B MACCE for Psoas Muscle Density; C–MALE for total Psoas Area; D - MALE for 
Psoas Muscle Density; F –All-cause Death for Psoas Muscle Area; G – All-cause Death for Psoas Muscle Density. 
MACCE – Major Adverse Cardiovascular and Cerebrovascular Event; MALE – Major Adverse Limb Event 
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appropriate amount of time is needed for journals to deliver value to subscribing customers before
an article becomes freely available to the public. This is the embargo period and it begins from the
date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

Elsevier Researcher Academy
Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)
Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Informed consent and patient details
Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients
and any other individuals in an Elsevier publication. Written consents must be retained by the author
but copies should not be provided to the journal. Only if specifically requested by the journal in
exceptional circumstances (for example if a legal issue arises) the author must provide copies of the
consents or evidence that such consents have been obtained. For more information, please review the
Elsevier Policy on the Use of Images or Personal Information of Patients or other Individuals. Unless
you have written permission from the patient (or, where applicable, the next of kin), the personal
details of any patient included in any part of the article and in any supplementary materials (including
all illustrations and videos) must be removed before submission.

Submission
Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via http://ees.elsevier.com/jsurgres/.

Referees
Please submit the names and institutional e-mail addresses of several potential referees. For more
details, visit our Support site. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.

Categorization of Manuscript
The following categories are used in the Table of Contents:

Bioengineering/Nanomedicine
Book Review
Cardio
Education
Gastrointestinal
Metabolism/Nutrition
Musculoskeletal

https://www.elsevier.com/about/open-science/open-access
https://www.elsevier.com/about/open-science/open-access/journal-embargo-finder
https://researcheracademy.elsevier.com/
http://webshop.elsevier.com/languageediting/
http://webshop.elsevier.com/languageediting/
https://www.elsevier.com/about/policies/patient-consent
http://service.elsevier.com/app/answers/detail/a_id/8238/kw/8238/p/10523/supporthub/publishing
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Oncology/Endocrine
Pediatric/Congenital/Developmental
Research Review
Thoracic
Shock/Sepsis/Trauma/Critical Care
Transplantation/Immunology
Vascular
Wound Healing/Plastic Surgery

PREPARATION
Use of word processing software
It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.

Article structure
Divide your article into clearly defined sections. Sections should not be numbered. Any subsection
may be given a brief heading. Each heading should appear on its own separate line.

Essential title page information
• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
• Short Title. Limit of 40 characters (including spaces).
• Author names and affiliations. Where the family name may be ambiguous (e.g., a double name),
please indicate this clearly. Present the authors' affiliation addresses (where the actual work was
done) below the names. Indicate all affiliations with a lower-case superscript letter immediately after
the author's name and in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail address of each author.
• Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that phone numbers (with country and area
code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the corresponding author.
• Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Author contributions. a paragraph should be included on the title page explaining how each author
contributed to the manuscript.

The title of the paper should be no more than 100 characters long.

Abstract
Abstract must emphasize the new and important aspects of the work in no more than 250 words
structured into the following sections: background, materials and methods, results, and conclusions.

Keywords
Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

https://www.elsevier.com/authors/journal-authors/submit-your-paper
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Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described. For animal experiments,
the sex of animal used must be indicated. If both males and females were used, the number of
animals from each sex must be indicated, and it must be indicated whether the sex of animal was
considered a factor in the statistical analysis of the data. If only one sex was used for the animal
studies, the rationale for using only one sex must be indicated. For cell culture experiments, the sex
from which primary cell cultures or tissues were obtained must be indicated. The authors are also
encouraged to include sex of cell lines. If cells or tissues from both sexes were used without regard
to sex, this should be indicated.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices
If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Highlights
Highlights are optional yet highly encouraged for this journal, as they increase the discoverability of
your article via search engines. They consist of a short collection of bullet points that capture the
novel results of your research as well as new methods that were used during the study (if any). Please
have a look at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

Acknowledgements
Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Disclosure
Every author must disclose any financial and personal relationships with other people or organizations
that could potentially and inappropriately influence (bias) their work and conclusions. Examples
of potential conflicts of interest include employment, consultancies, stock ownership, honoraria,
paid expert testimony, patent applications/registrations, and research grants or other funding. The
existence of competing interests is common and often inevitable. Competing interests are not
inherently unethical, but not declaring them is. Any grant funding or support for the article should be
listed in this section. If no conflicts exist, the authors should state: The authors report no proprietary
or commercial interest in any product mentioned or concept discussed in this article.

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

https://www.elsevier.com/authors/journal-authors/highlights
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It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Math formulae
Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes
Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Artwork
Electronic artwork
General points
• Make sure you use uniform lettering and sizing of your original artwork.
• Embed the used fonts if the application provides that option.
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.
• Number the illustrations according to their sequence in the text.
• Use a logical naming convention for your artwork files.
• Provide captions to illustrations separately.
• Size the illustrations close to the desired dimensions of the published version.
• Submit each illustration as a separate file.
• Ensure that color images are accessible to all, including those with impaired color vision.
A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are given here.
Formats
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.
Please do not:
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;
• Supply files that are too low in resolution;
• Submit graphics that are disproportionately large for the content.

Color artwork
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive

https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
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information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Illustration services
Elsevier's Author Services offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figure captions
Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables
Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Please submit Tables in Word format

References
Citation in text
Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links
Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references
As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references
This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
http://webshop.elsevier.com/illustrationservices
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Reference management software
Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:
http://open.mendeley.com/use-citation-style/journal-of-surgical-research
When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference formatting
There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference style
Text: Indicate references by (consecutive) superscript arabic numerals in the order in which they
appear in the text. The numerals are to be used outside periods and commas, inside colons and
semicolons. For further detail and examples you are referred to the AMA Manual of Style, A Guide
for Authors and Editors, Ninth Edition, ISBN 0-683-40206-4, copies of which may be ordered from
Lippincott Williams & Wilkins (http://www.lww.com/index.html).
List: Number the references in the list in the order in which they appear in the text.

Examples:
Reference to a journal publication:
1. Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci Commun.
2010;163:51–59.
Reference to a book:
2. Strunk W Jr, White EB. The Elements of Style. 4th ed. New York, NY: Longman; 2000.
Reference to a chapter in an edited book:
3. Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith
RZ, eds. Introduction to the Electronic Age. New York, NY: E- Publishing Inc; 2009:281-304.
Reference to a dataset:
Oguro, M, Imahiro, S, Saito, S, Nakashizuka, T. Mortality data for Japanese oak wilt disease and
surrounding forest compositions, Mendeley Data, v1; 2015.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video
Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. . In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For

http://citationstyles.org
http://citationstyles.org
http://www.mendeley.com/features/reference-manager
https://service.elsevier.com/app/answers/detail/a_id/26093
https://service.elsevier.com/app/answers/detail/a_id/26093
http://www.lww.com/index.html
https://www.issn.org/services/online-services/access-to-the-ltwa/
https://www.sciencedirect.com


AUTHOR INFORMATION PACK 3 Jan 2020 www.elsevier.com/locate/jsre 14

more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Data visualization
Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material
Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

Research data
This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking
If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data
This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data statement
To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-resources/data-visualization
https://www.elsevier.com/authors/author-resources/research-data
https://www.elsevier.com/authors/author-resources/research-data/data-base-linking
https://www.elsevier.com/authors/author-resources/research-data/data-base-linking#repositories
https://www.elsevier.com/books-and-journals/enrichments/mendeley-data-for-journals
https://www.elsevier.com/authors/author-resources/research-data/data-statement
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AFTER ACCEPTANCE
Online proof correction
Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.
If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.
We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints
The corresponding author will, at no cost, receive 25 free paper offprints, or alternatively a customized
Share Link providing 50 days free access to the final published version of the article on ScienceDirect.
The Share Link can be used for sharing the article via any communication channel, including email
and social media. For an extra charge, paper offprints can be ordered via the offprint order form
which is sent once the article is accepted for publication. Both corresponding and co-authors may
order offprints at any time via Elsevier's Author Services. Corresponding authors who have published
their article gold open access do not receive a Share Link as their final published version of the article
is available open access on ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES
Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.
You can also check the status of your submitted article or find out when your accepted article will
be published.

© Copyright 2018 Elsevier | https://www.elsevier.com
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