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Abstract 

Introduction: Portomesenteric Venous Thrombosis (PMVT) is a rare but serious complication of Metabolic 

Bariatric Surgery (MBS). Although more frequently reported after laparoscopic sleeve gastrectomy (LSG), risk 

factors for PMVT remain unclear. This study aims to compare the incidence and determinants of PMVT between 

LSG and laparoscopic Roux-en-Y gastric bypass (LRYGB). 

Methods: A retrospective analysis of 5235 MBS conducted at our institution between 2015 and 2023, identified 

five cases of PMVT. Additionally, a systematic review in March 2023, covering PubMed, Web of Science and 

Scopus, was performed. Several data was analyzed regarding risk factors. 

Results: In our case series, the incidence of PMVT was 0,1%. The five cases described involved four females, BMI 

between 39,7-56,0 kg/m2. Comorbidities were associated with metabolic syndrome, all women used oral 

contraceptive and two patients were diagnosed with thrombophilia or pulmonary embolism. Thromboprophylaxis 

per-protocol was administered to all patients. Diagnosis was made at a median of 16 days post-surgery, with 

abdominal pain as main presenting symptom. Acute cases were managed with enoxaparin, unfractionated heparin 

and fibrinolysis. One patient required surgery. 

Ten studies were included in the systematic review and 205 patients with PMVT were identified: 193 (94,1%) post-

LSG and 12 post-LRYGB. The most common comorbidities were dyslipidemia, hypertension, diabetes, sleep apnea 

and liver disorders. 

Conclusion: PMVT is a potentially life-threatening complication after MBS, requiring preventive measures, timely 

diagnosis and several treatments. Our findings suggest a higher occurrence in women, with elevated BMI and post-

LSG. Tailored thromboprophylaxis for MBS patients at risk for PMVT may be warranted. 
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Introduction 

Obesity is defined as excessive fat accumulation with a body mass index (BMI) equal to or exceeding 30 

kg/m2. It is a significant global health concern with increasing prevalence. In 2022, 43% of adults aged 18 and above 

were overweight and 16% were obese [1]. Obesity is associated with elevated risk of mortality and various chronic 

conditions, including diabetes, cardiovascular diseases, gastro-esophageal reflux disease, musculoskeletal pain, 

depression and several forms of cancer [2, 3]. 

Metabolic bariatric surgery (MBS) has emerged as a viable treatment for individuals with a BMI≥35 kg/m2, 

regardless of obesity-related comorbidities, offering sustainable long-term results. Laparoscopic Roux-en-Y gastric 

bypass (LRYGB) and laparoscopic sleeve gastrectomy (LSG) are the predominant procedures, accounting for 

approximately 90% of surgeries. [4] These surgeries have a high safety profile and are increasingly performed 

worldwide to address the obesity epidemic, yielding consistent and favorable short and long-term outcomes.   

Severe obesity and laparoscopic surgery are recognized risk factors that increase the risk of venous 

thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmonary embolism (PE). Consequently, 

patients undergoing MBS face a moderate to high risk, which is further exacerbated by their comorbidities. Other 

high risk comorbidities for VTE include venous stasis, BMI≥60kg/m2, truncal obesity and sleep apnea [5].  

A severe complication of MBS is portomesenteric venous thrombosis (PMVT), a rare life-threatening 

event, involving the portal vein (PV), its intrahepatic branches and potentially extending to the superior mesenteric 

vein (SMV) and splenic vein (SV). PMVT is associated with intra-abdominal inflammatory conditions causing 

injury to the portal system [6]. A recent systematic review reports that PMVT incidence after MBS is 0,419% and 

mortality of 1,33% [7], although other studies suggest higher mortality rates (3,6%) [8]. Risk factors for PMVT 

remain unclear, although factors such as surgical technique, patient’s comorbidities and  thrombophilia history likely 

contribute to increased risk [9]. 

Perioperative thrombophylactic guidelines for patients MBS are not well established. The European 

Society of Anesthesiology (ESA) [10] and the American College of Chest Physicians (ACCP) [11, 12] recommend 

mechanical prophylaxis with intermittent pneumatic compression (ICP) during and after bariatric procedures, along 

with anticoagulation therapy, preferably using low molecular weight heparin (LMWH). General 

thromboprophylaxis measures such as early ambulation and optimal hydration are also recommended [10]. 

However, considering potential differences in pathophysiology, it remains unclear whether these recommendations 

effectively prevent PMVT, as they are primarily aimed for VTE prevention.  
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Patients with PMVT typically present with diffuse abdominal pain, nausea, vomiting, leukocytosis and 

fever. The gold-standard exam for diagnosis is an abdominal contrast-enhanced computer tomography (CT). 

Pharmacologic anticoagulation with LMWH, unfractionated heparin (UFH) or vitamin K antagonist is the preferred 

initial treatment, but further treatments such as fibrinolysis through percutaneous vascular access or surgery may be 

warranted [8].  

This study was prompted by a critical case of PMVT observed in our hospital, in 2022. This event 

conducted us to further research similar cases. We analyzed all patients with PMVT after MBS in our institution 

and conducted a systematic literature review. The primary objective was to compare the incidence, patient 

characteristics and risk factors for PMVT  after LSG and RYGB, the two most common MBS worldwide. 
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Methods 

Retrospective analysis of all MBS performed in a single high volume center between 2015 and 2023, to 

identify patients diagnosed with PMVT. A total of 5235 surgeries were performed and five cases of PMVT were 

identified.  

Search Strategy 

The systematic review was conducted according to the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) guidelines statement [13]. A comprehensive electronic literature search was 

performed on PubMed, Web of Science and Scopus on March 9, 2023. Search items are listed in the Supplementary 

Information. A manual screening of the list of references regarding relevant papers was also performed to 

supplement the literature search.  

Study Selection 

The study selection was composed of two phases. In the screening phase, two authors (RG, FV) 

independently screened abstracts obtained from the data base search. Afterwards, the full texts of potentially relevant 

articles were retrieved for further assessment and disagreements were resolved by consensus-based discussion or by 

consultation with a third reviewer (ACP). 

Eligibility Criteria 

The inclusion criteria were studies reporting thrombosis in any branch of the porto-mesenteric-splenic axis 

after LSG and LRYGB, in adults (18-65 years). The exclusion criteria were studies not reporting PMVT, robotic 

surgery and open surgery (laparotomy). Meeting abstracts, commentaries, editorials, letters, case reports, systematic 

reviews and meta-analysis and animal studies were also excluded. 

Data Extraction 

Relevant data were extracted by two independent authors, and conflicts were resolved by consensus.  We 

extracted available data regarding study characteristics (authors name, year of publication, study period, sample 

size, type of study and country), patients characteristics (age, sex), BMI, history of thrombosis and/or thrombophilia, 

comorbidities (diabetes, hypertension, dyslipidemia, sleep apnea, liver disorders), oral contraceptive use, type of 

surgery, operative time, length of hospital stay, antithrombotic prophylaxis and characteristics of PMVT (time until 

event, symptoms and type of treatment). 
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Quality Assessment 

Methodological quality assessment of included studies was performed independently by two authors (RG 

and FV) and disagreements were resolved by consensus or by consultation with a third reviewer (ACP). The 

included studies were assessed by the NHLBI quality assessment tool [14]. 
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Results 

Our single-center case series of patients with PMVT after MBS is summarized in Table 1. As per-protocol, 

all patients underwent evaluation by a multidisciplinary team preoperatively and had a minimum follow-up period 

of 3 years. Thromboprophylaxis measures included ICP during surgery, as well as compression stockings, before 

and 24 hours after surgery. Fast-track surgery protocols involving early mobilization and early oral hydration were 

implemented. Additionally, all patients received chemoprophylaxis with LMWH (Enoxaparin 40-60mg) the day 

before surgery and continued for 2-4 weeks postoperatively. 

Case 1: 

A 43-year-old female, with BMI of 40,4 kg/m2 underwent LSG in August 2015. Eleven days post-LSG, 

she presented to the emergency room (ER) with diffuse abdominal pain and fever. She had no relevant comorbidities 

and was taking oral contraceptive (OC). Abdominal CT-scan revealed complete thrombosis of the SMV and partial 

thrombosis of the PV. She was treated with Enoxaparin 100mg, twice daily, with favorable clinical evolution and 

discharged home after twelve days. Factor II G20210A heterozygote gene mutation was detected and long-term 

anticoagulation with Warfarin 5mg was recommended. 

Case 2: 

A 23-year-old female with a BMI of 45,9 kg/m2, underwent LSG in December 2016. Thirteen days post-

LSG, she presented to the ER with abdominal pain, vomiting and hematochezia. She had diabetes, treated with 

metformin,  asthma, and was on OC. Abdominal CT-scan demonstrated extensive thrombosis involving the SMV, 

PV and SV. She was hospitalized, and received treatment with UFH 1980 UI/h, guided by activated partial 

thromboplastin time (aPTT). She developed severe hematemesis, leading to discontinuation of anticoagulation in 

the following day. Despite best medical treatment, her condition evolved rapidly with multiple organ failure, and 

the patient died three days later. 

Case 3: 

A 42-year-old male with a BMI of 39,7 kg/m2, with hypertension (HTN), dyslipidemia and sleep apnea, 

underwent LSG in November 2019. Nine days after surgery, the patient developed PE and was treated with 

Enoxaparin 100mg. After discharge, he maintained anticoagulation with Warfarin 5mg, for three months. In August 

2021, nearly two years latter, an abdominal CT performed for unrelated reasons revealed thrombosis of  PV and 

SV. The patient was referenced to Immuno-hemotherapy consultation: as PMVT was asymptomatic, no treatment 
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was instituted. Thrombophilia study was negative and thromboprophylaxis was recommended before high risk 

situations. Warfarin was not maintained due to the absence of identifiable risk factors other than the risk associated 

with the surgery. 

Case 4: 

 A 23-year-old female with a BMI of 48,2 kg/m2 underwent LSG in July 2022. Sixteen days post-LSG, she 

presented to the ER with abdominal pain, fever, nausea and vomiting. She had sleep apnea and was on OC. 

Abdominal CT diagnosed complete thrombosis of SMV and partial occlusion of PV. Despite optimal treatment with 

UFH, there was progression to intestinal ischemia, necessitating surgical intervention with bowel resection twenty-

five days post-LSG. The patient hospitalization extended beyond one year, marked by multiple complications, 

including infectious, pulmonary and nutritional issues. Dehiscence of LSG staple line was detected three months 

post-LSG. More than one year after, the patient died because of a gastro-pleural fistula uncontrolled by several 

treatments. 

Case 5: 

A 32-year-old female with a BMI of 56,0 kg/m2, with a history of polycystic ovarian syndrome treated 

with OC, underwent LSG in June 2023. Thirty-nine days post-LSG, she presented to the ER with abdominal pain 

and nausea. Abdominal CT revealed complete thrombosis of SMV and partial thrombosis of PV. Initial treatment 

included UFH (adjusted to aPTT, administered for five days), followed by fibrinolysis using alteplase (0,5 mg/h) 

and UFH 500 UI for two days and then 1mg/h of alteplase for another three days. The patient showed favorable 

clinical evolution and was discharged after twenty-three days on Warfarin 5mg. Thrombophilia study yield negative 

results. 

 

Systematic Literature Review:  

The systematic review yielded a total of 941 studies: 398 from PubMed, 489 from Scopus and 533 from 

Web of Science. After full-text assessment for eligibility, 10 studies were included [15-25]. The PRISMA flowchart 

is shown in Fig. 1. The main reasons for exclusion were studies lacking a comparative analysis between LSG and 

LRYGB, omission of PMVT incidence data and inclusion of study populations not meeting predefined inclusion 

criteria. 

The NHLBI quality assessment tool results are displayed in the Supplementary Table 1 to 3. 
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Figure 1. – PRISMA flow diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The included studies, published between 2012 and 2022, comprised seven retrospective (six cohorts and 

one case-control study), one prospective cohort study, one cross-sectional study and one case series (Table 2). 

Despite documenting PMVT incidence following LSG and LRYGB, most studies lacked comprehensive 

information on patients characteristics and risk factors associated with each surgical procedure. 

Patient characteristics and other variables studied are presented in Table 3. Among 104 867 patients 

undergoing MBS, LSG was the most frequently performed procedure, accounting for 69 338 (66,1%) cases. PMVT 

occurred in 205 cases reviewed, with 193 (94,1%) cases after LSG and 12 (5,9%) cases following LRYGB. 

Diagnosis of PMVT occurred within <30 days in most cases. 

Common comorbidities among patients diagnosed with PMVT, included sleep apnea (50,0%), HTN 

(36,4%) and dyslipidemia (31,8%). OC use was reported in 45,5% of female patients. History of previous VTE was 

documented in 15,1% of cases. Hematologic conditions associated with higher thromboembolic risk were reported 

in five studies [16, 18, 21-23], with 15 cases positive for thrombophilia. 
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Presenting symptoms of PMVT cases were detailed in five studies [17, 18, 21-23], with abdominal pain 

being predominant (96,8%). Diagnosis was established mainly through abdominal CT in 71/73 cases, magnetic 

resonance imaging in 2/73 cases and two patients also required diagnostic laparoscopy. Doppler Ultrasound was 

utilized for follow-up in 32/38 cases. 

Treatment included LMWH in 33/72 cases, UFH in 2/72 cases, a non-specific anticoagulant in 33/72 cases 

and 4/72 only required supportive treatment. Additionally, one patient received endovascular thrombolysis as part 

of their treatment.  

Prophylactic anticoagulation measures were documented in six studies [16-18, 21-23]. LMWH was 

administered in 73 cases, with one case involving prior administration of UFH. Additionally, mechanical 

prophylaxis with compression stockings was reported in 76 cases. 
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Discussion 

In our case series, all cases of PMVT occurred after LSG, with an incidence of 0,1% and a 30-day mortality 

rate of 20% (1/5). The mortality case occurring over a year post-LSG, was not directly attributed to PMVT, but to 

other complications. Thromboembolic events, though rare, are acknowledged as the most common cause of 

mortality after MBS [26].  

The overall rate of VTE and PMVT following MBS is low but its incidence might be underestimated [27]. 

Our systematic review revealed a PMVT incidence of 0,17%, with 0,24% occurring after LSG and 0,03% after 

LRYGB. In contrast, a recent meta-analysis reported an incidence of 0,50% [28], but only included LSG. The lower 

incidence in our review may be attributed to our specific inclusion criteria, which accounted for studies reporting 

occurrences of PMVT in both LSG and LRYGB. In recent years, LSG has emerged as the most popular procedure 

for treating obesity [29, 30]. This preference is attributed to its perceived advantages, including simplicity, speed 

and lower invasiveness compared to other MBS, as it only modifies one organ. Studies have reported that LSG is 

associated with fewer post-surgical complications, including bleeding, serious morbidity, sepsis and reduced rates 

of 30-day readmission and reoperation [31-33]. However, it is crucial for both surgeons and patients to be aware 

that LSG is associated with a higher incidence of PMVT.  

The pathophysiology of PMVT involves one or more components of Virchow’s triad, including reduced 

portal blood flow, hypercoagulable state, or vascular injury [34]. Potential mechanisms, proposed by Goiten, et al. 

[22], contributing to the increased risk of PMVT after LSG include altered blood flow post-LSG, due to the division 

of the short gastric vessels, direct physical contact with the SV while working on the omental bursa (which can 

occur during both LSG and LRYGB), and early postoperative discharge leading to dehydration. Other factors such 

as pneumoperitoneum exceeding 14 mmHg, prolonged reverse Trendelenburg position (duration of surgery) and 

hypercapnia have also been identified as potential contributors to reduced portal blood flow. [35, 36]. 

Regarding other risk factors for PMVT, four cases in our case series involved young females with high 

BMI and who were taking OC. Comorbidities related to obesity were prevalent among most cases. Notably, PMVT 

developed despite adequate multi-level, per-protocol, thromboprophylaxis. These findings are consistent with our 

systematic review results, 45% of female patients with PMVT reported using OC, a factor that may need further 

investigation. Carlin, et al. [19] identified several independent predictors for PMVT following MBS, including LSG, 

prior history of VTE, liver disorders and serious postoperative complications such as obstruction, leaks and 

hemorrhage.  
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Hematologic abnormalities, including acquired and inherited thrombophilia, appear to be more prevalent 

in MBS patients. Parkin, et al. [37], reported a thrombophilia prevalence of 52,4% and verified that extended 

prophylactic anticoagulation reduced PMVT incidence in MBS patients. This finding suggests that screening for 

VTE history and hematologic abnormalities before surgery may be warranted, with consideration for extended 

thromboprophylaxis. 

Abdominal pain consistently emerges as the primary presenting symptom in patients with PMVT, as noted 

by Naymagon, et al. [38]. The lack of specificity of abdominal pain underscores the importance of maintaining a 

high level of clinical awareness to achieve accurate and timely diagnosis. Post-MBS abdominal pain warrants 

attention from both patients and clinicians to avoid overlooking potential PMVT. The presence of concurrent 

symptoms, such as fever and bacteremia warrants consideration of septic thrombosis, which effects the treatment 

and prognosis [39]. The abdominal CT is paramount in the diagnosis of PMVT.  

Clinically, PMVT can manifest as either acute or chronic, with no definitive timeframe for differentiation. 

A potential distinguishing factor is the absence of radiologic findings indicative of chronic PMVT, such as 

cavernoma or portosystemic collaterals and splenomegaly. In acute PMVT, liver function tests generally remain 

within normal ranges. Hepatic dysfunction is more likely in patients with prolonged portal hypertension resulting 

from PMVT [40], but may also arise consequently to multi-organ dysfunction due to septic shock, as observed in 

one patient described in our case series. The presence of portosystemic collaterals, although variable or inconsistent, 

may have an important role in the outcome of PMVT. 

Most patients with PMVT present early (<30 days) after MBS, suggesting that delayed presentations may 

represent unrecognized or untreated acute cases, potentially underestimating the true prevalence of PMVT [23]. 

Early diagnosis, heightened clinical awareness, improved diagnostic techniques and prompt initiation of 

anticoagulation therapy have contributed to an improved 5-year survival rate of 85% for acute PMVT [34, 40].   

The presence of bowel infarction and multi-systemic failure is associated with hospital mortality rates 

ranging from 20 to 50% [34].  High risk patients for bowel ischemia, infarction and death can be identified by 

abdominal CT, particularly by observing progressive thrombus extension into veins such as SMV and its smaller 

tributaries. Additionally, the presence of  ascites can indicate increased risk [41]. Although predictors of survival 

rates remain unclear, advanced age and thrombosis involving the SMV appear to be significant determining factors 

[40].  

The primary treatment modality for PMVT is anticoagulation, typically subcutaneous LMWH or 
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intravenous UFH, which have shown efficacy in promoting recanalization of the PV/SMV and its branches, reducing 

the risk of thrombosis progression. In severe PMVT cases, more invasive treatments might be necessary. While the 

utility of interventional radiology remains somewhat limited, there is growing evidence supporting its efficacy. 

Mechanical thrombectomy followed by local pharmacologic thrombolysis is recommended to enhance thrombus 

dissolution [42, 43]. Surgical intervention may also be necessary, particularly in instances where bowel segments 

are compromised [44].  

Prophylactic anticoagulation measures, predominantly utilizing LMWH were documented in six studies, 

alongside with mechanical prophylaxis using compression stockings. Although compression stocking are standard 

for preventing DVT and PE and mandatory for patients undergoing MBS, their efficacy in preventing PMVT 

remains unclear. While guidelines from the ACCP recommend prophylaxis with LMWH, UFH or mechanical 

prophylaxis with ICP, there is a lack of consensus regarding the standard of care for prophylactic agents, dosing, 

timing or duration for patients undergoing MBS [5, 11, 12]. 

Hasley, et al. [45], evaluated the utility of the Caprini risk assessment model for LSG in selecting patients 

to receive extended courses of prophylaxis and found a low rate of VTE, no PMVT and no bleeding complications. 

A risk-adjusted approach for VTE prophylaxis in patients undergoing MBS has been proposed by Aminian et al. 

[46], utilizing their risk calculator. It categorizes patients into moderate, high and very high risk, with an escalating 

prophylactic approach. For moderate risk patients, they recommend early mobilization, pneumatic compression and 

in-hospital prophylaxis. For high risk patients, adding 2 weeks of post-discharge prophylaxis and for very high risk 

patients, adding 4 weeks of post-discharge prophylaxis [47]. Similarly, the ESA proposed a risk-adjusted approach, 

defining high risk patients based on age above 55 years, BMI above 55kg/m2, history of VTE, venous disease, sleep 

apnea, hypercoagulability states and pulmonary hypertension [10]. 

After treatment of PMVT, it is important to prevent other thromboembolic events. Oral anticoagulation 

should be maintained for a minimum of 6 months post-discharge [44], considering more extensive duration based 

on thrombosis etiology [43]. 

There is limited evidence regarding the use of direct oral anticoagulants (DOACs) for prophylaxis and 

treatment in patients submitted to MBS [48]. While DOACs are used in non-bariatric patients with PMVT [49], 

their efficacy in MSB patients is controversial due to potential anatomical alterations affecting absorption. DOACs 

are primarily absorbed in the gastrointestinal tract, particularly the stomach and proximal small intestine [50]. 

Specifically, Apixaban is absorbed mainly in the small intestine offering advantages over other anticoagulants as it 

is unaffected by pH, does not need food restrictions, dose adjustment, monitoring or injections. Its absorption 
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appears unaltered in LSG patients [51]. Surve, et al.[52], reported favorable outcomes with thromboprophylaxis 

with Apixaban for thromboembolic events 30-day post-surgery, independently of MBS type. While current evidence 

discourage DOACs use in acute setting after MBS [53], conclusive data regarding this matter is lacking. Thus, 

further research is warranted to clarify DOACs efficacy and safety profile in this specific population. 

Some limitations of this study should be acknowledge. The retrospective nature of most studies and the 

heterogeneity in the study designs may introduce bias. The lack of comprehensive information on patient 

characteristics and risk factors for PMVT impaired a more detailed comparison between cases of thrombosis post-

LSG and post-RYGB, which was the primary objective of this study. This emphasizes the need for standardized 

reporting in future studies, regarding comorbidities and risk factors. We attempted to conduct a meta-analysis to 

compare the incidence of PMVT in LSG and LRYGB. However, it was unsuccessful, due to numerous studies 

reporting zero cases of thrombosis post-LRYGB and the limited occurrence of events, rendering statistical analysis 

unfeasible. 

This systematic review provides valuable insights on PMVT incidence following different MBS, 

particularly noting higher frequency after LSG. These findings highlight the importance of implementing enhanced 

prophylactic measures, particularly in patients undergoing LSG with VTE risk factors. It also raises the question if 

patients undergoing LSG should receive prolonged anticoagulants compared to patients submitted to other MBS, 

namely LRYGB. The lack of specific thromboprophylaxis guidelines for MBS patients, emphasizes the need for 

further research to establish optimal anticoagulant choices, dosing regimens and duration for prophylaxis for PMVT, 

tailored to the unique considerations of each MBS patient. 

 

Conclusion 

PMVT is a rare yet potentially life-threatening complication after MBS. According to our case series and 

systematic review, the occurrence of PMVT appears to be higher in women taking oral contraceptives, with higher 

BMI and following LSG. Given the nonspecific nature of presenting symptoms, a high level of suspicion is 

necessary for accurate and timely diagnosis. Treatment involving prompt administration of anticoagulation is 

crucial. Notably, no consensus has been reached regarding the standard of care for thromboprophylaxis in MBS 

patients, therefore further research in this matter is necessary. 
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Tables 
 

Table 1. – Characteristics of the patients in our case series. 

CPR, C-reactive protein; HTN, hypertension; LSG, Laparoscopic Sleeve Gastrectomy; OC, oral 

contraceptive; PCOS, polycystic ovarian syndrome; PV, portal vein; SMV, superior mesenteric vein; SV, 

splenic vein; UFH, unfractionated heparin. 

 

 

 

 

 

 

 Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 

Age 43 23 42 23 32 

Sex Female Female Male Female Female 

BMI 40,4 kg/m2 45,9 kg/m2 39,7 kg/m2 48,2 kg/m2 56,02 

kg/m2 

Comorbidities - Diabetes, 

asthma  

HTN, 

dyslipidemia

, sleep apnea 

Sleep 

apnea 

PCOS 

Medication OC OC, 

metformin  

None OC OC 

Surgery LSG LSG LSG LSG LSG 

Thromboprophyla

xis 

Enoxaparin 60mg/ 2 

weeks 

Enoxaparin 

40 mg/ 2 

weeks 

Enoxaparin 

40 mg/ 2 

weeks 

Enoxapari

n 40mg/ 2 

weeks 

Enoxapar

in 

40mg/4 

weeks 

Thrombosis SMV, PV SMV, PV, 

SV 

PV, SV SMV, PV SMV, PV 

Time until event 11 days 13 days 646 days 16 days 39 days 

Symptoms/sings Abdominal pain, 

fever, leukocytosis, 

CRP elevation 

Abdominal 

pain, vomit, 

hematochez

ia, 

leukocytosis

, CRP 

elevation 

Asymptomat

ic  

Abdominal 

pain, 

nausea, 

vomit, 

fever, 

leukocytos

is 

Abdomin

al pain, 

nausea, 

CRP 

elevation 

Treatment Enoxapari

n  

UFH  - UFH; 

Bowel 

resection 

UFH 

Alteplase   

Post discharge 

hypocoagulation 

Warfarin   - Warfarin Enoxaparin  Warfarin 

Thrombophilia  Factor II 

G20210A  

heterozygo

te gene 

mutation 

- None None None 

Outcome Partial 

resolution 

Decease

d 

Chronic thrombosis Deceased Partial 

resolution  
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Table 3. – Characteristics of patients with PMVT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIIG20210AM, Factor II G20210A gene mutation; FVLM, Factor V Leiden mutation; FVIIIE, Factor VIII 

elevation; HNT, hypertension; JAK2M, JAK2 mutation; MTHFRD, Methylenetetrahydrofolate reductase 

deficiency; NSTS, non-specific prothrombotic state OC, oral contraceptive; PSD, Protein S deficiency; PCD, 

Protein C deficiency. 

  

Variable N (%) 

Female 33/62 53,3% 

Diabetes 3/22 13,6% 

Dyslipidemia 44/138 31,8% 

HTN 8/22 36,4% 

Sleep apnea 3/6 50,0% 

Liver disorders 29/138 21,0% 

History of VTE 26/172 15,1% 

Thrombophilia 15/72 20,8% 

FVLM 5  

FVIIIE 4  

PSD 4  

PCD 2  

FIIG20210AM 2  

MTHFRD 1  

JAK2M 1  

NSTS 1  

OC 10/22 45,5% 

Symptoms    

Abdominal pain 61/63 96,8% 

Fever 16/56 28,6% 

Nausea  30/62 48,4% 

Vomit 26/62 41,9% 

Asymptomatic 2/16 12,5% 

Time until event   

<30 days 182/203 89,7%  

>30 days 21/203 10,3% 
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Supplementary Information  

 
Supplementary Table 1. – Search terms and queries. 
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Supplementary Table 2. – Description of the answers in NHLBI quality assessment criteria tool for Observational 

Cohort and Cross-Sectional Studies 

 

1 -  Was the research question or objective in this paper clearly stated? 

2 – Was the study population clearly specified and defined? 

3 – Was the participation rate of eligible persons at least 50%? 

4 – Were all the subjects selected or recruited from similar populations? Were inclusion and exclusion criteria for 

being in the study prespecified and applied uniformly to all participants? 

5 - Was a sample size justification, power description, or variance and effect estimates provided? 

6 - For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being measured? 

  Arid

i et 

al. 

Bassioun

y, et al. 

Carli

n et 

al. 

Carran

o et al. 

Goitein

, et al. 

Naymago

n et al. 

Rottenstreic

h, et al 

Wysocki

, et al. 

Tsen

g et 

al. 

1. YES YES YES YES YES YES YES YES YES 

2. YES YES YES YES YES YES YES YES YES 

3. YES YES YES NO YES YES YES YES YES 

4. YES YES YES YES YES YES YES YES YES 

5. NO NO NO NO NO NO NO NO NO 

6. YES YES YES NO YES YES YES YES YES 

7. YES YES YES NO YES YES YES YES YES 

8. N/A N/A N/A N/A N/A N/A N/A N/A YES 

9. YES YES YES YES YES YES YES YES YES 

10. N/A N/A N/A N/A N/A N/A N/A N/A YES 

11. YES  YES YES YES NO YES YES YES 

12. NO NO NO NO NO NO NO NO NO 

13. NO NR NR N/A NR NR NR YES NO 

14. YES YES YES NO YES YES YES YES NO 

YES/N

O 

9/3 8/2 9/2 5/6 9/2 8/4 9/2 10/2 10/4 
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7 - Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and 

outcome if it existed? 

8 - For exposures that can vary in amount or level, did the study examine different levels of the exposure as related 

to the outcome? 

9 - Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented 

consistently across all study participants? 

10 - Was the exposure(s) assessed more than once over time? 

11 - Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented consistently 

across all study participants? 

12 - Were the outcome assessors blinded to the exposure status of participants? 

13 - Was loss to follow-up after baseline 20% or less? 

14 - Were key potential confounding variables measured and adjusted statistically for their impact on the relationship 

between exposure(s) and outcome(s)? 

 
Supplementary Table 3. – Description of the answers in NHLBI quality assessment criteria tool for Case-Control 

Studies  
 Boza 

et al. 

1 -  Was the research question or objective in this paper clearly stated and appropriate?YES YES 

2 – Was the study population clearly specified and defined? YES 

3 – Did the authors include a sample size justification? NO 

4 – Were controls selected or recruited from the same or similar population that gave rise to the 

cases (including the same timeframe)? 

YES 

5 - Were the definitions, inclusion and exclusion criteria, algorithms or processes used to identify 

or select cases and controls valid, reliable, and implemented consistently across all study 

participants? 

YES 

6 -  Were the cases clearly defined and differentiated from controls? YES 

7 -  If less than 100 percent of eligible cases and/or controls were selected for the study, were the 

cases and/or controls randomly selected from those eligible? 

CD 

8 -  Was there use of concurrent controls? NO 

9 - Were the investigators able to confirm that the exposure/risk occurred prior to the 

development of the condition or event that defined a participant as a case? 

YES 

10 - Were the measures of exposure/risk clearly defined, valid, reliable, and implemented 

consistently (including the same time period) across all study participants? 

YES 

11 - Were the assessors of exposure/risk blinded to the case or control status of participants? NO 

12 - Were key potential confounding variables measured and adjusted statistically in the 

analyses? If matching was used, did the investigators account for matching during study 

analysis? 

YES 

YES/NO 8/3 
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Supplementary Table 3. – Description of the answers in NHLBI quality assessment criteria tool for Case Series  

Studies. 

 

 Barros et 

al. 

1 – Was the study question or objective clearly stated?  YES 

2 – Was the study population clearly and fully described, including a case definition? YES 

3 – Were the cases consecutive? NO 

4 – Were the subjects comparable? YES 

5 - Was the intervention clearly described? YES 

6 -  Were the outcome measures clearly defined, valid, reliable, and implemented consistently 

across all study participants? 

YES 

7 -  Was the length of follow-up adequate? YES 

8 -  Were the statistical methods well-described? N/A 

9 - Were the results well-described? YES 

YES/NO 7/1 



Apêndices: 

1. PRISMA Reporting Guidelines; 

2. Regras de formatação da revista Langenbeck's Archives of Surgery. 



PRISMA 2020 Checklist 

Section and 
Topic  

Item 
# 

Checklist item  Location where item is reported  

TITLE   

Title  1 Identify the report as a systematic review. Page 1: “Portomesenteric Venous Thrombosis after Bariatric 
Surgery: a case series and a systematic review comparing 
LSG and RYGB.” 

ABSTRACT   

Abstract  2 See the PRISMA 2020 for Abstracts checklist. Page 2: (Abstract) “Introduction: Portomesenteric Venous 
Thrombosis (PMVT) is a rare but serious complication of 
Metabolic Bariatric Surgery (MBS). Although more frequently 
reported after laparoscopic sleeve gastrectomy (LSG), risk 
factors for PMVT remain unclear. This study aims to compare 
the incidence and determinants of PMVT between LSG and 
laparoscopic Roux-en-Y gastric bypass (LRYGB).” 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the 
context of existing knowledge. 

Page 5 (paragraph 7): “This study was prompted by a critical 
case of PMVT observed in our hospital, in 2022. This event 
conducted us to further research similar cases. We analyzed 
all patients with PMVT after MBS in our institution and 
conducted a systematic literature review.” 

Objectives  4 Provide an explicit statement of the objective(s) or 
question(s) the review addresses. 

Page 5 (paragraph 7): “The primary objective was to compare 
the incidence, patient characteristics and risk factors for 
PMVT  after LSG and RYGB, the two most common MBS 
worldwide.” 

METHODS   

Eligibility criteria  5 Specify the inclusion and exclusion criteria for the 
review and how studies were grouped for the 
syntheses. 

Page 6: “The inclusion criteria were studies reporting 
thrombosis in any branch of the porto-mesenteric-splenic axis 
after LSG and LRYGB, in adults (18-65 years). The exclusion 
criteria were studies not reporting PMVT, robotic surgery and 
open surgery (laparotomy). Meeting abstracts, commentaries, 
editorials, letters, case reports, systematic reviews and meta-
analysis and animal studies were also excluded.” 

Information 
sources  

6 Specify all databases, registers, websites, 
organisations, reference lists and other sources 
searched or consulted to identify studies. Specify 
the date when each source was last searched or 
consulted. 

Page 6: “A comprehensive electronic literature search was 
performed on PubMed, Web of Science and Scopus on 
March 9, 2023. Search items are listed in the Supplementary 
Information. A manual screening of the list of references 
regarding relevant papers was also performed to supplement 
the literature search.“ 

Search strategy 7 Present the full search strategies for all 
databases, registers and websites, including any 
filters and limits used. 

Page 24: “Supplementary Table 1. – Search terms and 
queries.” 

Selection 
process 

8 Specify the methods used to decide whether a 
study met the inclusion criteria of the review, 
including how many reviewers screened each 
record and each report retrieved, whether they 
worked independently, and if applicable, details of 
automation tools used in the process. 

Page 6: “The study selection was composed of two phases. 
In the screening phase, two authors (RG, FV) independently 
screened abstracts obtained from the data base search. 
Afterwards, the full texts of potentially relevant articles were 
retrieved for further assessment and disagreements were 
resolved by consensus-based discussion or by consultation 
with a third reviewer (ACP).” 

Data collection 
process  

9 Specify the methods used to collect data from 
reports, including how many reviewers collected 
data from each report, whether they worked 
independently, any processes for obtaining or 
confirming data from study investigators, and if 
applicable, details of automation tools used in the 
process. 

Page 6: “Relevant data were extracted by two independent 
authors, and conflicts were resolved by consensus..” 

Data items  10a List and define all outcomes for which data were 
sought. Specify whether all results that were 
compatible with each outcome domain in each 
study were sought (e.g. for all measures, time 
points, analyses), and if not, the methods used to 
decide which results to collect. 

Page 6: “We extracted available data regarding study 
characteristics (authors name, year of publication, study 
period, sample size, type of study and country), patients 
characteristics (age, sex), BMI, history of thrombosis and/or 
thrombophilia, comorbidities (diabetes, hypertension, 
dyslipidemia, sleep apnea, liver disorders), oral contraceptive 
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Item 
# 

Checklist item  Location where item is reported  

use, type of surgery, operative time, length of hospital stay, 
antithrombotic prophylaxis and characteristics of PMVT (time 
until event, symptoms and type of treatment).” 

10b List and define all other variables for which data 
were sought (e.g. participant and intervention 
characteristics, funding sources). Describe any 
assumptions made about any missing or unclear 
information. 

Not applicable. 

Study risk of bias 
assessment 

11 Specify the methods used to assess risk of bias in 
the included studies, including details of the 
tool(s) used, how many reviewers assessed each 
study and whether they worked independently, 
and if applicable, details of automation tools used 
in the process. 

Page 7: “Methodological quality assessment of 
included studies was performed independently by two 
authors (RG and FV) and disagreements were resolved 
by consensus or by consultation with a third reviewer 
(ACP). The included studies were assessed by the 
NHLBI quality assessment tool [14].” 

Effect measures  12 Specify for each outcome the effect measure(s) 
(e.g. risk ratio, mean difference) used in the 
synthesis or presentation of results. 

Not applicable. 

Synthesis 
methods 

13a Describe the processes used to decide which 
studies were eligible for each synthesis (e.g. 
tabulating the study intervention characteristics 
and comparing against the planned groups for 
each synthesis (item #5)). 

Not applicable. 

13b Describe any methods required to prepare the 
data for presentation or synthesis, such as 
handling of missing summary statistics, or data 
conversions. 

Not applicable. 

13c Describe any methods used to tabulate or visually 
display results of individual studies and 
syntheses. 

Not applicable. 

13d Describe any methods used to synthesize results 
and provide a rationale for the choice(s). If meta-
analysis was performed, describe the model(s), 
method(s) to identify the presence and extent of 
statistical heterogeneity, and software package(s) 
used. 

Not applicable. 

13e Describe any methods used to explore possible 
causes of heterogeneity among study results (e.g. 
subgroup analysis, meta-regression). 

Not applicable. 

13f Describe any sensitivity analyses conducted to 
assess robustness of the synthesized results. 

Not applicable. 

Reporting bias 
assessment 

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

Not applicable. 

Certainty 
assessment 

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

Not applicable. 

RESULTS   

Study selection  16a Describe the results of the search and selection 
process, from the number of records identified in 
the search to the number of studies included in 
the review, ideally using a flow diagram. 

Page 10: “Figure 1. – PRISMA flow diagram” 

16b Cite studies that might appear to meet the 
inclusion criteria, but which were excluded, and 
explain why they were excluded. 

Not applicable. 

Study 
characteristics  

17 Cite each included study and present its 
characteristics. 

Page 10: “The included studies, published between 2012 and 
2022, comprised seven retrospective (six cohorts and one 
case-control study), one prospective cohort study, one cross-
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sectional study and one case series (Table 2).” 

Risk of bias in 
studies  

18 Present assessments of risk of bias for each 
included study. 

Page 9: “The NHLBI quality assessment tool results are 
displayed in the Supplementary Table 1 to 3.” 

Results of 
individual studies  

19 For all outcomes, present, for each study: (a) 
summary statistics for each group (where 
appropriate) and (b) an effect estimate and its 
precision (e.g. confidence/credible interval), 
ideally using structured tables or plots. 

Page 21: “Table 2. – Baseline characteristics of the included 
studies.” 

Results of 
syntheses 

20a For each synthesis, briefly summarise the 
characteristics and risk of bias among 
contributing studies. 

Page 10: “Despite documenting PMVT incidence following 
LSG and LRYGB, most studies lacked comprehensive 
information on patients characteristics and risk factors 
associated with each surgical procedure.” 

20b Present results of all statistical syntheses 
conducted. If meta-analysis was done, present for 
each the summary estimate and its precision (e.g. 
confidence/credible interval) and measures of 
statistical heterogeneity. If comparing groups, 
describe the direction of the effect. 

Not applicable. 

20c Present results of all investigations of possible 
causes of heterogeneity among study results. 

Not applicable. 

20d Present results of all sensitivity analyses 
conducted to assess the robustness of the 
synthesized results. 

Not applicable. 

Reporting biases 21 Present assessments of risk of bias due to 
missing results (arising from reporting biases) for 
each synthesis assessed. 

Not applicable. 

Certainty of 
evidence  

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

Not applicable. 

DISCUSSION   

Discussion  23a Provide a general interpretation of the results in 
the context of other evidence. 

Page 12: “The overall rate of VTE and PMVT following MBS 
is low but its incidence might be underestimated [27]. Our 
systematic review revealed a PMVT incidence of 0,17%, with 
0,24% occurring after LSG and 0,03% after LRYGB. In 
contrast, a recent meta-analysis reported an incidence of 
0,50% [28], but only included LSG. The lower incidence in our 
review may be attributed to our specific inclusion criteria, 
which accounted for studies reporting occurrences of PMVT 
in both LSG and LRYGB” 

23b Discuss any limitations of the evidence included 
in the review. 

Page 15: “The retrospective nature of most studies and the 
heterogeneity in the study designs may introduce bias. The 
lack of comprehensive information on patient characteristics 
and risk factors for PMVT impaired a more detailed 
comparison between cases of thrombosis post-LSG and post-
RYGB, which was the primary objective of this study.” 

23c Discuss any limitations of the review processes 
used. 

Page 15: “We attempted to conduct a meta-analyses to 
compare the incidence of PMVT in LSG and LRYGB. 
However, it was unsuccessful, due to numerous studies 
reporting zero cases of thrombosis post-LRYGB and the 
limited occurrence of events, rendering statistical analysis 
unfeasible.” 

23d Discuss implications of the results for practice, 
policy, and future research. 

Page 15: “This systematic review provides valuable insights 
on PMVT incidence following different MBS, particularly 
noting higher frequency after LSG. These findings highlight 
the importance of implementing enhanced prophylactic 
measures, particularly in patients undergoing LSG with VTE 
risk factors. It also raises the question if patients undergoing 
LSG should receive prolonged anticoagulants compared to 
patients submitted to other MBS, namely LRYGB. The lack of 
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specific thromboprophylaxis guidelines for MBS patients, 
emphasizes the need for further research to establish optimal 
anticoagulant choices, dosing regimens and duration for 
prophylaxis for PMVT, tailored to the unique considerations of 
each MBS patient.” 

 

OTHER INFORMATION  

Registration and 
protocol 

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

Not applicable. 

24b Indicate where the review protocol can be 
accessed, or state that a protocol was not 
prepared. 

Not applicable. 

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

Not applicable. 

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

Not applicable. 

Competing 
interests 

26 Declare any competing interests of review 
authors. 

Not applicable. 

Availability of 
data, code and 
other materials 

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

Not applicable. 

 
From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71 

For more information, visit: http://www.prisma-statement.org/  

http://www.prisma-statement.org/
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• Use the table function, not spreadsheets, to make tables. 
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• Use the equation editor or MathType for equations. 

• Save your file in docx format (Word 2007 or higher) or doc format (older Word 
versions). 

Manuscripts with mathematical content can also be submitted in LaTeX. We 
recommend using Springer Nature’s LaTeX template. 

Headings 

Please use no more than three levels of displayed headings. 

Abbreviations 

Abbreviations should be defined at first mention and used consistently thereafter. 

Footnotes 

Footnotes can be used to give additional information, which may include the citation 
of a reference included in the reference list. They should not consist solely of a 
reference citation, and they should never include the bibliographic details of a 
reference. They should also not contain any figures or tables. 

Footnotes to the text are numbered consecutively; those to tables should be indicated 
by superscript lower-case letters (or asterisks for significance values and other 
statistical data). Footnotes to the title or the authors of the article are not given 
reference symbols. 

Always use footnotes instead of endnotes. 

Acknowledgments 

Acknowledgments of people, grants, funds, etc. should be placed in a separate section 
on the title page. The names of funding organizations should be written in full. 
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Manuscript Preparation 

Manuscript length 

Papers submitted should not exceed 15 manuscript pages including references, tables, 
and figure legends. 

Arrange the manuscript as follows: 

(1) title page 

(2) abstract and keywords 

(3) Authors’ Contributions* 

(4) body of the paper 

(5) acknowledgements 

(6) references 

(7) tables 

https://www.springernature.com/gp/authors/campaigns/latex-author-support
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(8) figure legends 

(9) figures 

(10) permissions 

Body of the Paper 

Organize in the following manner: 

(1) Introduction 

(2) Material and methods 

(3) Results 

(4) Discussion 

(5) Conclusion 

* Authors’ Contributions: Clarify the contributions of each author by adding a list of 
the following structure to your manuscript: 

• Study conception and design 

• Acquisition of data 

• Analysis and interpretation of data 

• Drafting of manuscript 

• Critical revision of manuscript 

For systematic reviews specific recommendations should be used as 
documented here. 

For both clinical controlled trials and systematic reviews we encourage authors to 
report on the important quality issue of blinding as discussed here. 
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Scientific style 

Generic names of drugs and pesticides are preferred; if trade names are used, the 
generic name should be given at first mention. 
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References 

Citation 

Reference citations in the text should be identified by numbers in square brackets. 
Some examples: 

1. Negotiation research spans many disciplines [3]. 

2. This result was later contradicted by Becker and Seligman [5]. 

3. This effect has been widely studied [1-3, 7]. 

Reference list 
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The list of references should only include works that are cited in the text and that have 
been published or accepted for publication. Personal communications and 
unpublished works should only be mentioned in the text. 

The entries in the list should be numbered consecutively. 

If available, please always include DOIs as full DOI links in your reference list (e.g. 
“https://doi.org/abc”). 

• Journal article 

Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L 
(2009) Effect of high intensity intermittent training on heart rate variability in 
prepubescent children. Eur J Appl Physiol 105:731-738. 
https://doi.org/10.1007/s00421-008-0955-8 

Ideally, the names of all authors should be provided, but the usage of “et al” in 
long author lists will also be accepted: 

Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N Engl 
J Med 965:325–329 

• Article by DOI 

Slifka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine 
production. J Mol Med. https://doi.org/10.1007/s001090000086 

• Book 

South J, Blass B (2001) The future of modern genomics. Blackwell, London 

• Book chapter 

Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of 
modern genomics, 3rd edn. Wiley, New York, pp 230-257 

• Online document 

Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb. 
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007 

• Dissertation 

Trent JW (1975) Experimental acute renal failure. Dissertation, University of 
California 

Always use the standard abbreviation of a journal’s name according to the ISSN List of 
Title Word Abbreviations, see 

ISSN.org LTWA 

If you are unsure, please use the full journal title. 

Authors preparing their manuscript in LaTeX can use the bibliography style file sn-
basic.bst which is included in the Springer Nature Article Template. 
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Tables 

• All tables are to be numbered using Arabic numerals. 

• Tables should always be cited in text in consecutive numerical order. 

• For each table, please supply a table caption (title) explaining the components 
of the table. 

• Identify any previously published material by giving the original source in the 
form of a reference at the end of the table caption. 

• Footnotes to tables should be indicated by superscript lower-case letters (or 
asterisks for significance values and other statistical data) and included 
beneath the table body. 
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Artwork and Illustrations Guidelines 

Electronic Figure Submission 

• Supply all figures electronically. 

• Indicate what graphics program was used to create the artwork. 

• For vector graphics, the preferred format is EPS; for halftones, please use TIFF 
format. MSOffice files are also acceptable. 

• Vector graphics containing fonts must have the fonts embedded in the files. 

• Name your figure files with "Fig" and the figure number, e.g., Fig1.eps. 

Line Art 
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• Definition: Black and white graphic with no shading. 

• Do not use faint lines and/or lettering and check that all 
lines and lettering within the figures are legible at final 
size. 

• All lines should be at least 0.1 mm (0.3 pt) wide. 

• Scanned line drawings and line drawings in bitmap format 
should have a minimum resolution of 1200 dpi. 

• Vector graphics containing fonts must have the fonts 
embedded in the files. 

Halftone Art 

 

• Definition: Photographs, drawings, or paintings with fine 
shading, etc. 

• If any magnification is used in the photographs, indicate 
this by using scale bars within the figures themselves. 

• Halftones should have a minimum resolution of 300 dpi. 

Combination Art 



 

• Definition: a combination of halftone and line art, e.g., 
halftones containing line drawing, extensive lettering, 
color diagrams, etc. 

• Combination artwork should have a minimum resolution 
of 600 dpi. 

Color Art 

• Color illustrations should be submitted as RGB (8 bits per 
channel). 

Figure Lettering 

• To add lettering, it is best to use Helvetica or Arial (sans 
serif fonts). 

• Keep lettering consistently sized throughout your final-
sized artwork, usually about 2–3 mm (8–12 pt). 

• Variance of type size within an illustration should be 
minimal, e.g., do not use 8-pt type on an axis and 20-pt 
type for the axis label. 

• Avoid effects such as shading, outline letters, etc. 

• Do not include titles or captions within your illustrations. 

Figure Numbering 



• All figures are to be numbered using Arabic numerals. 

• Figures should always be cited in text in consecutive 
numerical order. 

• Figure parts should be denoted by lowercase letters (a, b, 
c, etc.). 

• If an appendix appears in your article and it contains one 
or more figures, continue the consecutive numbering of 
the main text. Do not number the appendix figures,"A1, 
A2, A3, etc." Figures in online appendices [Supplementary 
Information (SI)] should, however, be numbered 
separately. 

Figure Captions 

• Each figure should have a concise caption describing 
accurately what the figure depicts. Include the captions in 
the text file of the manuscript, not in the figure file. 

• Figure captions begin with the term Fig. in bold type, 
followed by the figure number, also in bold type. 

• No punctuation is to be included after the number, nor is 
any punctuation to be placed at the end of the caption. 

• Identify all elements found in the figure in the figure 
caption; and use boxes, circles, etc., as coordinate points 
in graphs. 

• Identify previously published material by giving the 
original source in the form of a reference citation at the 
end of the figure caption. 

Figure Placement and Size 

• Figures should be submitted within the body of the text. 
Only if the file size of the manuscript causes problems in 
uploading it, the large figures should be submitted 
separately from the text. 

Permissions 

If you include figures that have already been published elsewhere, you must obtain 
permission from the copyright owner(s). Please be aware that some publishers do not 
grant electronic rights for free and that Springer will not be able to refund any costs 



that may have occurred to receive these permissions. In such cases, material from 
other sources should be used. 

Accessibility 

In order to give people of all abilities and disabilities access to the content of your 
figures, please make sure that 

• All figures have descriptive captions (blind users could then use a text-to-
speech software or a text-to-Braille hardware) 

• Patterns are used instead of or in addition to colors for conveying information 
(colorblind users would then be able to distinguish the visual elements) 

• Any figure lettering has a contrast ratio of at least 4.5:1 

Generative AI Images 

Please check Springer’s policy on generative AI images and make sure your work 
adheres to the principles described therein. 
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Supplementary Information (SI) 

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and 
other supplementary files to be published online along with an article or a book 
chapter. This feature can add dimension to the author's article, as certain information 
cannot be printed or is more convenient in electronic form. 

Before submitting research datasets as Supplementary Information, authors should 
read the journal’s Research data policy. We encourage research data to be archived in 
data repositories wherever possible. 

Submission 

• Supply all supplementary material in standard file formats. 

• Please include in each file the following information: article title, journal 
name, author names; affiliation and e-mail address of the corresponding 
author. 

• To accommodate user downloads, please keep in mind that larger-sized files 
may require very long download times and that some users may experience 
other problems during downloading. 

• High resolution (streamable quality) videos can be submitted up to a 
maximum of 25GB; low resolution videos should not be larger than 5GB. 

Audio, Video, and Animations 

• Aspect ratio: 16:9 or 4:3 

https://www.springer.com/us/editorial-policies/artificial-intelligence--ai-/25428500
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• Maximum file size: 25 GB for high resolution files; 5 GB 
for low resolution files 

• Minimum video duration: 1 sec 

• Supported file formats: avi, wmv, mp4, mov, m2p, mp2, 
mpg, mpeg, flv, mxf, mts, m4v, 3gp 

Text and Presentations 

• Submit your material in PDF format; .doc or .ppt files are not suitable for long-
term viability. 

• A collection of figures may also be combined in a PDF file. 

Spreadsheets 

• Spreadsheets should be submitted as .csv or .xlsx files (MS Excel). 

Specialized Formats 

• Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica 
notebook), and .tex can also be supplied. 

Collecting Multiple Files 

• It is possible to collect multiple files in a .zip or .gz file. 

Numbering 

• If supplying any supplementary material, the text must make specific mention 
of the material as a citation, similar to that of figures and tables. 

• Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the 
animation (Online Resource 3)", “... additional data are given in Online 
Resource 4”. 

• Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”. 

Captions 

• For each supplementary material, please supply a concise caption describing 
the content of the file. 

Processing of supplementary files 

• Supplementary Information (SI) will be published as received from the author 
without any conversion, editing, or reformatting. 

Accessibility 



In order to give people of all abilities and disabilities access to the content of your 
supplementary files, please make sure that 

• The manuscript contains a descriptive caption for each supplementary 
material 

• Video files do not contain anything that flashes more than three times per 
second (so that users prone to seizures caused by such effects are not put at 
risk) 

Generative AI Images 

Please check Springer’s policy on generative AI images and make sure your work 
adheres to the principles described therein. 
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Ethical Responsibilities of Authors 

This journal is committed to upholding the integrity of the scientific record. As a 
member of the Committee on Publication Ethics (COPE) the journal will follow 
the COPE guidelines on how to deal with potential acts of misconduct. 

Authors should refrain from misrepresenting research results which could damage 
the trust in the journal, the professionalism of scientific authorship, and ultimately 
the entire scientific endeavour. Maintaining integrity of the research and its 
presentation is helped by following the rules of good scientific practice, which 
include*: 

• The manuscript should not be submitted to more than one journal for 
simultaneous consideration. 

• The submitted work should be original and should not have been published 
elsewhere in any form or language (partially or in full), unless the new work 
concerns an expansion of previous work. (Please provide transparency on the 
re-use of material to avoid the concerns about text-recycling (‘self-
plagiarism’). 

• A single study should not be split up into several parts to increase the quantity 
of submissions and submitted to various journals or to one journal over time 
(i.e. ‘salami-slicing/publishing’). 

• Concurrent or secondary publication is sometimes justifiable, provided certain 
conditions are met. Examples include: translations or a manuscript that is 
intended for a different group of readers. 

• Results should be presented clearly, honestly, and without fabrication, 
falsification or inappropriate data manipulation (including image based 
manipulation). Authors should adhere to discipline-specific rules for 
acquiring, selecting and processing data. 

• No data, text, or theories by others are presented as if they were the author’s 
own (‘plagiarism’). Proper acknowledgements to other works must be given 
(this includes material that is closely copied (near verbatim), summarized 

https://www.springer.com/us/editorial-policies/artificial-intelligence--ai-/25428500
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and/or paraphrased), quotation marks (to indicate words taken from another 
source) are used for verbatim copying of material, and permissions secured for 
material that is copyrighted. 

Important note: the journal may use software to screen for plagiarism. 

• Authors should make sure they have permissions for the use of software, 
questionnaires/(web) surveys and scales in their studies (if appropriate). 

• Research articles and non-research articles (e.g. Opinion, Review, and 
Commentary articles) must cite appropriate and relevant literature in support 
of the claims made. Excessive and inappropriate self-citation or coordinated 
efforts among several authors to collectively self-cite is strongly discouraged. 

• Authors should avoid untrue statements about an entity (who can be an 
individual person or a company) or descriptions of their behavior or actions 
that could potentially be seen as personal attacks or allegations about that 
person. 

• Research that may be misapplied to pose a threat to public health or national 
security should be clearly identified in the manuscript (e.g. dual use of 
research). Examples include creation of harmful consequences of biological 
agents or toxins, disruption of immunity of vaccines, unusual hazards in the 
use of chemicals, weaponization of research/technology (amongst others). 

• Authors are strongly advised to ensure the author group, the Corresponding 
Author, and the order of authors are all correct at submission. Adding and/or 
deleting authors during the revision stages is generally not permitted, but in 
some cases may be warranted. Reasons for changes in authorship should be 
explained in detail. Please note that changes to authorship cannot be made 
after acceptance of a manuscript. 

*All of the above are guidelines and authors need to make sure to respect third parties 
rights such as copyright and/or moral rights. 

Upon request authors should be prepared to send relevant documentation or data in 
order to verify the validity of the results presented. This could be in the form of raw 
data, samples, records, etc. Sensitive information in the form of confidential or 
proprietary data is excluded. 

If there is suspicion of misbehavior or alleged fraud the Journal and/or Publisher will 
carry out an investigation following COPE guidelines. If, after investigation, there are 
valid concerns, the author(s) concerned will be contacted under their given e-mail 
address and given an opportunity to address the issue. Depending on the situation, 
this may result in the Journal’s and/or Publisher’s implementation of the following 
measures, including, but not limited to: 

• If the manuscript is still under consideration, it may be rejected and returned 
to the author. 

• If the article has already been published online, depending on the nature and 
severity of the infraction: 

- an erratum/correction may be placed with the article 
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- an expression of concern may be placed with the article 

- or in severe cases retraction of the article may occur. 

The reason will be given in the published erratum/correction, expression of concern 
or retraction note. Please note that retraction means that the article is maintained on 
the platform, watermarked “retracted” and the explanation for the retraction is 
provided in a note linked to the watermarked article. 

• The author’s institution may be informed 

• A notice of suspected transgression of ethical standards in the peer review 
system may be included as part of the author’s and article’s bibliographic 
record. 

Fundamental errors 

Authors have an obligation to correct mistakes once they discover a significant error 
or inaccuracy in their published article. The author(s) is/are requested to contact the 
journal and explain in what sense the error is impacting the article. A decision on how 
to correct the literature will depend on the nature of the error. This may be a 
correction or retraction. The retraction note should provide transparency which parts 
of the article are impacted by the error. 

Suggesting / excluding reviewers 

Authors are welcome to suggest suitable reviewers and/or request the exclusion of 
certain individuals when they submit their manuscripts. When suggesting reviewers, 
authors should make sure they are totally independent and not connected to the work 
in any way. It is strongly recommended to suggest a mix of reviewers from different 
countries and different institutions. When suggesting reviewers, the Corresponding 
Author must provide an institutional email address for each suggested reviewer, or, if 
this is not possible to include other means of verifying the identity such as a link to a 
personal homepage, a link to the publication record or a researcher or author ID in the 
submission letter. Please note that the Journal may not use the suggestions, but 
suggestions are appreciated and may help facilitate the peer review process. 
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Authorship principles 

These guidelines describe authorship principles and good authorship practices to 
which prospective authors should adhere to. 

Authorship clarified 

The Journal and Publisher assume all authors agreed with the content and that all 
gave explicit consent to submit and that they obtained consent from the responsible 
authorities at the institute/organization where the work has been carried 
out, before the work is submitted. 

The Publisher does not prescribe the kinds of contributions that warrant authorship. 
It is recommended that authors adhere to the guidelines for authorship that are 
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applicable in their specific research field. In absence of specific guidelines it is 
recommended to adhere to the following guidelines*: 

All authors whose names appear on the submission 

1) made substantial contributions to the conception or design of the work; or the 
acquisition, analysis, or interpretation of data; or the creation of new software used in 
the work; 

2) drafted the work or revised it critically for important intellectual content; 

3) approved the version to be published; and 

4) agree to be accountable for all aspects of the work in ensuring that questions 
related to the accuracy or integrity of any part of the work are appropriately 
investigated and resolved. 

* Based on/adapted from: 

ICMJE, Defining the Role of Authors and Contributors, 

Transparency in authors’ contributions and responsibilities to promote integrity in 
scientific publication, McNutt at all, PNAS February 27, 2018 

Disclosures and declarations 

All authors are requested to include information regarding sources of funding, 
financial or non-financial interests, study-specific approval by the appropriate ethics 
committee for research involving humans and/or animals, informed consent if the 
research involved human participants, and a statement on welfare of animals if the 
research involved animals (as appropriate). 

The decision whether such information should be included is not only dependent on 
the scope of the journal, but also the scope of the article. Work submitted for 
publication may have implications for public health or general welfare and in those 
cases it is the responsibility of all authors to include the appropriate disclosures and 
declarations. 

Data transparency 

All authors are requested to make sure that all data and materials as well as software 
application or custom code support their published claims and comply with field 
standards. Please note that journals may have individual policies on (sharing) 
research data in concordance with disciplinary norms and expectations. 

Role of the Corresponding Author 

One author is assigned as Corresponding Author and acts on behalf of all co-authors 
and ensures that questions related to the accuracy or integrity of any part of the work 
are appropriately addressed. 

The Corresponding Author is responsible for the following requirements: 

• ensuring that all listed authors have approved the manuscript before 
submission, including the names and order of authors; 

http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
https://doi.org/10.1073/pnas.1715374115
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• managing all communication between the Journal and all co-authors, before 
and after publication;* 

• providing transparency on re-use of material and mention any unpublished 
material (for example manuscripts in press) included in the manuscript in a 
cover letter to the Editor; 

• making sure disclosures, declarations and transparency on data statements 
from all authors are included in the manuscript as appropriate (see above). 

* The requirement of managing all communication between the journal and all co-
authors during submission and proofing may be delegated to a Contact or Submitting 
Author. In this case please make sure the Corresponding Author is clearly indicated in 
the manuscript. 

Author contributions 

In absence of specific instructions and in research fields where it is possible to 
describe discrete efforts, the Publisher recommends authors to include contribution 
statements in the work that specifies the contribution of every author in order to 
promote transparency. These contributions should be listed at the separate title page. 

Examples of such statement(s) are shown below: 

• Free text: 

All authors contributed to the study conception and design. Material preparation, data 
collection and analysis were performed by [full name], [full name] and [full name]. 
The first draft of the manuscript was written by [full name] and all authors 
commented on previous versions of the manuscript. All authors read and approved the 
final manuscript. 

Example: CRediT taxonomy: 

• Conceptualization: [full name], …; Methodology: [full name], …; Formal analysis and 
investigation: [full name], …; Writing - original draft preparation: [full name, …]; 
Writing - review and editing: [full name], …; Funding acquisition: [full name], …; 
Resources: [full name], …; Supervision: [full name],…. 

For review articles where discrete statements are less applicable a statement should 
be included who had the idea for the article, who performed the literature search and 
data analysis, and who drafted and/or critically revised the work. 

For articles that are based primarily on the student’s dissertation or thesis, it is 
recommended that the student is usually listed as principal author: 

A Graduate Student’s Guide to Determining Authorship Credit and Authorship Order, 
APA Science Student Council 2006 

Affiliation 

The primary affiliation for each author should be the institution where the majority of 
their work was done. If an author has subsequently moved, the current address may 
additionally be stated. Addresses will not be updated or changed after publication of 
the article. 

http://credit.niso.org/
https://www.apa.org/science/leadership/students/authorship-paper.pdf
https://www.apa.org/science/leadership/students/authorship-paper.pdf


Changes to authorship 

Authors are strongly advised to ensure the correct author group, the Corresponding 
Author, and the order of authors at submission. Changes of authorship by adding or 
deleting authors, and/or changes in Corresponding Author, and/or changes in the 
sequence of authors are not accepted after acceptance of a manuscript. 

• Please note that author names will be published exactly as they appear on the 
accepted submission! 

Please make sure that the names of all authors are present and correctly spelled, and 
that addresses and affiliations are current. 

Adding and/or deleting authors at revision stage are generally not permitted, but in 
some cases it may be warranted. Reasons for these changes in authorship should be 
explained. Approval of the change during revision is at the discretion of the Editor-in-
Chief. Please note that journals may have individual policies on adding and/or deleting 
authors during revision stage. 

Author identification 

Authors are recommended to use their ORCID ID when submitting an article for 
consideration or acquire an ORCID ID via the submission process. 

Deceased or incapacitated authors 

For cases in which a co-author dies or is incapacitated during the writing, submission, 
or peer-review process, and the co-authors feel it is appropriate to include the author, 
co-authors should obtain approval from a (legal) representative which could be a 
direct relative. 

Authorship issues or disputes 

In the case of an authorship dispute during peer review or after acceptance and 
publication, the Journal will not be in a position to investigate or adjudicate. Authors 
will be asked to resolve the dispute themselves. If they are unable the Journal reserves 
the right to withdraw a manuscript from the editorial process or in case of a published 
paper raise the issue with the authors’ institution(s) and abide by its guidelines. 

Confidentiality 

Authors should treat all communication with the Journal as confidential which 
includes correspondence with direct representatives from the Journal such as Editors-
in-Chief and/or Handling Editors and reviewers’ reports unless explicit consent has 
been received to share information. 
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Compliance with Ethical Standards 

To ensure objectivity and transparency in research and to ensure that accepted 
principles of ethical and professional conduct have been followed, authors should 
include information regarding sources of funding, potential conflicts of interest 

https://orcid.org/
https://orcid.org/
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(financial or non-financial), informed consent if the research involved human 
participants, and a statement on welfare of animals if the research involved animals. 

Authors should include the following statements (if applicable) in a separate section 
entitled “Compliance with Ethical Standards” when submitting a paper: 

• Disclosure of potential conflicts of interest 

• Research involving Human Participants and/or Animals 

• Informed consent 

Please note that standards could vary slightly per journal dependent on their peer 
review policies (i.e. single or double blind peer review) as well as per journal subject 
discipline. Before submitting your article check the instructions following this section 
carefully. 

The corresponding author should be prepared to collect documentation of compliance 
with ethical standards and send if requested during peer review or after publication. 

The Editors reserve the right to reject manuscripts that do not comply with the above-
mentioned guidelines. The author will be held responsible for false statements or 
failure to fulfill the above-mentioned guidelines. 
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Disclosure of potential conflicts of interest 

Authors must disclose all relationships or interests that could have direct or potential 
influence or impart bias on the work. Although an author may not feel there is any 
conflict, disclosure of relationships and interests provides a more complete and 
transparent process, leading to an accurate and objective assessment of the work. 
Awareness of a real or perceived conflicts of interest is a perspective to which the 
readers are entitled. This is not meant to imply that a financial relationship with an 
organization that sponsored the research or compensation received for consultancy 
work is inappropriate. Examples of potential conflicts of interests that are directly or 
indirectly related to the research may include but are not limited to the following: 

• Research grants from funding agencies (please give the research funder and 
the grant number) 

• Honoraria for speaking at symposia 

• Financial support for attending symposia 

• Financial support for educational programs 

• Employment or consultation 

• Support from a project sponsor 

• Position on advisory board or board of directors or other type of management 
relationships 

• Multiple affiliations 

• Financial relationships, for example equity ownership or investment interest 
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• Intellectual property rights (e.g. patents, copyrights and royalties from such 
rights) 

• Holdings of spouse and/or children that may have financial interest in the 
work 

In addition, interests that go beyond financial interests and compensation (non-
financial interests) that may be important to readers should be disclosed. These may 
include but are not limited to personal relationships or competing interests directly or 
indirectly tied to this research, or professional interests or personal beliefs that may 
influence your research. 

The corresponding author collects the conflict of interest disclosure forms from all 
authors. In author collaborations where formal agreements for representation allow 
it, it is sufficient for the corresponding author to sign the disclosure form on behalf of 
all authors. Examples of forms can be found 

here: 

The corresponding author will include a summary statement in the text of the 
manuscript in a separate section before the reference list, that reflects what is 
recorded in the potential conflict of interest disclosure form(s). 

Please make sure to submit all Conflict of Interest disclosure forms together with the 
manuscript. 

See below examples of disclosures: 

Funding: This study was funded by X (grant number X). 

Conflict of Interest: Author A has received research grants from Company A. Author B 
has received a speaker honorarium from Company X and owns stock in Company Y. 
Author C is a member of committee Z. 

If no conflict exists, the authors should state: 

Conflict of Interest: The authors declare that they have no conflict of interest. 

The journal highly recommends that for declaration of potential conflicts of interests 
the ICMJE form is used which can be downloaded 

here (Download pdf, 1.2 MB)  
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Research involving human participants, their data or biological material 

Ethics approval 

When reporting a study that involved human participants, their data or biological 
material, authors should include a statement that confirms that the study was 
approved (or granted exemption) by the appropriate institutional and/or national 
research ethics committee (including the name of the ethics committee) and certify 
that the study was performed in accordance with the ethical standards as laid down in 
the 1964 Declaration of Helsinki and its later amendments or comparable ethical 
standards. If doubt exists whether the research was conducted in accordance with the 
1964 Helsinki Declaration or comparable standards, the authors must explain the 

https://www.springer.com/gp/authors-editors/journal-author/journal-author-helpdesk/editorial-policies/14214
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reasons for their approach, and demonstrate that an independent ethics committee or 
institutional review board explicitly approved the doubtful aspects of the study. If a 
study was granted exemption from requiring ethics approval, this should also be 
detailed in the manuscript (including the reasons for the exemption). 

Retrospective ethics approval 

If a study has not been granted ethics committee approval prior to commencing, 
retrospective ethics approval usually cannot be obtained and it may not be possible to 
consider the manuscript for peer review. The decision on whether to proceed to peer 
review in such cases is at the Editor's discretion. 

Ethics approval for retrospective studies 

Although retrospective studies are conducted on already available data or biological 
material (for which formal consent may not be needed or is difficult to obtain) ethics 
approval may be required dependent on the law and the national ethical guidelines of 
a country. Authors should check with their institution to make sure they are 
complying with the specific requirements of their country. 

Ethics approval for case studies 

Case reports require ethics approval. Most institutions will have specific policies on 
this subject. Authors should check with their institution to make sure they are 
complying with the specific requirements of their institution and seek ethics approval 
where needed. Authors should be aware to secure informed consent from the 
individual (or parent or guardian if the participant is a minor or incapable) See also 
section on Informed Consent. 

Cell lines 

If human cells are used, authors must declare in the manuscript: what cell lines were 
used by describing the source of the cell line, including when and from where it was 
obtained, whether the cell line has recently been authenticated and by what method. If 
cells were bought from a life science company the following need to be given in the 
manuscript: name of company (that provided the cells), cell type, number of cell line, 
and batch of cells. 

It is recommended that authors check the NCBI database for misidentification and 
contamination of human cell lines. This step will alert authors to possible problems 
with the cell line and may save considerable time and effort. 

Further information is available from the International Cell Line Authentication 
Committee (ICLAC). 

Authors should include a statement that confirms that an institutional or independent 
ethics committee (including the name of the ethics committee) approved the study 
and that informed consent was obtained from the donor or next of kin. 

Research Resource Identifiers (RRID) 

Research Resource Identifiers (RRID) are persistent unique identifiers (effectively 
similar to a DOI) for research resources. This journal encourages authors to adopt 

https://www.ncbi.nlm.nih.gov/biosample/?term=cell%20line%20status%20misidentified%5bAttribute%5d
http://iclac.org/about-iclac/
http://iclac.org/about-iclac/


RRIDs when reporting key biological resources (antibodies, cell lines, model 
organisms and tools) in their manuscripts. 

Examples: 

Organism: Filip1tm1a(KOMP)Wtsi RRID:MMRRC_055641-UCD 

Cell Line: RST307 cell line RRID:CVCL_C321 

Antibody: Luciferase antibody DSHB Cat# LUC-3, RRID:AB_2722109 

Plasmid: mRuby3 plasmid RRID:Addgene_104005 

Software: ImageJ Version 1.2.4 RRID:SCR_003070 

RRIDs are provided by the Resource Identification Portal. Many commonly used 
research resources already have designated RRIDs. The portal also provides authors 
links so that they can quickly register a new resource and obtain an RRID. 

Clinical Trial Registration 

The World Health Organization (WHO) definition of a clinical trial is "any research 
study that prospectively assigns human participants or groups of humans to one or 
more health-related interventions to evaluate the effects on health outcomes". The 
WHO defines health interventions as “A health intervention is an act performed for, 
with or on behalf of a person or population whose purpose is to assess, improve, 
maintain, promote or modify health, functioning or health conditions” and a health-
related outcome is generally defined as a change in the health of a person or 
population as a result of an intervention. 

To ensure the integrity of the reporting of patient-centered trials, authors must 
register prospective clinical trials (phase II to IV trials) in suitable publicly available 
repositories. For example www.clinicaltrials.gov or any of the primary registries that 
participate in the WHO International Clinical Trials Registry Platform. 

The trial registration number (TRN) and date of registration should be included as the 
last line of the manuscript abstract. 

For clinical trials that have not been registered prospectively, authors are encouraged 
to register retrospectively to ensure the complete publication of all results. The trial 
registration number (TRN), date of registration and the words 'retrospectively 
registered’ should be included as the last line of the manuscript abstract. 

Standards of reporting 

Springer Nature advocates complete and transparent reporting of biomedical and 
biological research and research with biological applications. Authors are 
recommended to adhere to the minimum reporting guidelines hosted by 
the EQUATOR Network when preparing their manuscript. 

Exact requirements may vary depending on the journal; please refer to the journal’s 
Instructions for Authors. 

Checklists are available for a number of study designs, including: 

Randomised trials (CONSORT) and Study protocols (SPIRIT) 

Observational studies (STROBE) 

https://scicrunch.org/resources
https://scicrunch.org/resources/about/resource
http://www.clinicaltrials.gov/
https://www.who.int/clinical-trials-registry-platform
http://www.equator-network.org/
http://www.equator-network.org/reporting-guidelines/consort/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/strobe/


Systematic reviews and meta-analyses (PRISMA) and protocols (Prisma-P) 

Diagnostic/prognostic studies (STARD) and (TRIPOD) 

Case reports (CARE) 

Clinical practice guidelines (AGREE) and (RIGHT) 

Qualitative research (SRQR) and (COREQ) 

Animal pre-clinical studies (ARRIVE) 

Quality improvement studies (SQUIRE) 

Economic evaluations (CHEERS) 

Summary of requirements 

The above should be summarized in a statement and placed in a ‘Declarations’ section 
before the reference list under a heading of ‘Ethics approval’. 

Please see the various examples of wording below and revise/customize the sample 
statements according to your own needs. 

Examples of statements to be used when ethics approval has been obtained: 

• All procedures performed in studies involving human participants were in 
accordance with the ethical standards of the institutional and/or national research 
committee and with the 1964 Helsinki Declaration and its later amendments or 
comparable ethical standards. The study was approved by the Bioethics Committee of 
the Medical University of A (No. ...). 

• This study was performed in line with the principles of the Declaration of Helsinki. 
Approval was granted by the Ethics Committee of University B (Date.../No. ...). 

• Approval was obtained from the ethics committee of University C. The procedures 
used in this study adhere to the tenets of the Declaration of Helsinki. 

• The questionnaire and methodology for this study was approved by the Human 
Research Ethics committee of the University of D (Ethics approval number: ...). 

Examples of statements to be used for a retrospective study: 

• Ethical approval was waived by the local Ethics Committee of University A in view of 
the retrospective nature of the study and all the procedures being performed were part 
of the routine care. 

• This research study was conducted retrospectively from data obtained for clinical 
purposes. We consulted extensively with the IRB of XYZ who determined that our 
study did not need ethical approval. An IRB official waiver of ethical approval was 
granted from the IRB of XYZ. 

• This retrospective chart review study involving human participants was in 
accordance with the ethical standards of the institutional and national research 
committee and with the 1964 Helsinki Declaration and its later amendments or 
comparable ethical standards. The Human Investigation Committee (IRB) of 
University B approved this study. 

http://www.equator-network.org/reporting-guidelines/prisma/
http://www.equator-network.org/reporting-guidelines/prisma-protocols/
http://www.equator-network.org/reporting-guidelines/stard/
http://www.equator-network.org/reporting-guidelines/tripod-statement/
http://www.equator-network.org/reporting-guidelines/care/
http://www.equator-network.org/reporting-guidelines/the-agree-reporting-checklist-a-tool-to-improve-reporting-of-clinical-practice-guidelines/
http://www.equator-network.org/reporting-guidelines/right-statement/
http://www.equator-network.org/reporting-guidelines/srqr/
http://www.equator-network.org/reporting-guidelines/coreq/
http://www.equator-network.org/reporting-guidelines/improving-bioscience-research-reporting-the-arrive-guidelines-for-reporting-animal-research/
http://www.equator-network.org/reporting-guidelines/squire/
http://www.equator-network.org/reporting-guidelines/cheers/


Examples of statements to be used when no ethical approval is required/exemption 
granted: 

• This is an observational study. The XYZ Research Ethics Committee has confirmed 
that no ethical approval is required. 

• The data reproduced from Article X utilized human tissue that was procured via our 
Biobank AB, which provides de-identified samples. This study was reviewed and 
deemed exempt by our XYZ Institutional Review Board. The BioBank protocols are in 
accordance with the ethical standards of our institution and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards. 

Authors are responsible for correctness of the statements provided in the manuscript. 
See also Authorship Principles. The Editor-in-Chief reserves the right to reject 
submissions that do not meet the guidelines described in this section. 

Important Notice 

Statement on sex bias 

Sex-inclusive biomedical and clinical research is imperative to improving health 
outcomes of men and women. Authors should therefore indicate the sex used for all 
research involving human participants, animals, tissue and cell lines. If only one sex 
is reported, authors must include a justification statement as to why only a single-sex 
study was conducted. Sex-based reporting and analysis of data for all human, animal, 
tissue, and cell research is also required. 
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Informed consent 

All individuals have individual rights that are not to be infringed. Individual 
participants in studies have, for example, the right to decide what happens to the 
(identifiable) personal data gathered, to what they have said during a study or an 
interview, as well as to any photograph that was taken. This is especially true 
concerning images of vulnerable people (e.g. minors, patients, refugees, etc) or the 
use of images in sensitive contexts. In many instances authors will need to secure 
written consent before including images. 

Identifying details (names, dates of birth, identity numbers, biometrical 
characteristics (such as facial features, fingerprint, writing style, voice pattern, DNA 
or other distinguishing characteristic) and other information) of the participants that 
were studied should not be published in written descriptions, photographs, and 
genetic profiles unless the information is essential for scholarly purposes and the 
participant (or parent/guardian if the participant is a minor or incapable or legal 
representative) gave written informed consent for publication. Complete anonymity is 
difficult to achieve in some cases. Detailed descriptions of individual participants, 
whether of their whole bodies or of body sections, may lead to disclosure of their 
identity. Under certain circumstances consent is not required as long as information is 
anonymized and the submission does not include images that may identify the 
person. 

https://link.springer.com/journal/423/submission-guidelines#contents


Informed consent for publication should be obtained if there is any doubt. For 
example, masking the eye region in photographs of participants is inadequate 
protection of anonymity. If identifying characteristics are altered to protect 
anonymity, such as in genetic profiles, authors should provide assurance that 
alterations do not distort meaning. 

Exceptions where it is not necessary to obtain consent: 

• Images such as x rays, laparoscopic images, ultrasound images, brain scans, 
pathology slides unless there is a concern about identifying information in which 
case, authors should ensure that consent is obtained. 

• Reuse of images: If images are being reused from prior publications, the Publisher 
will assume that the prior publication obtained the relevant information regarding 
consent. Authors should provide the appropriate attribution for republished images. 

Consent and already available data and/or biologic material 

Regardless of whether material is collected from living or dead patients, they (family 
or guardian if the deceased has not made a pre-mortem decision) must have given 
prior written consent. The aspect of confidentiality as well as any wishes from the 
deceased should be respected. 

Data protection, confidentiality and privacy 

When biological material is donated for or data is generated as part of a research 
project authors should ensure, as part of the informed consent procedure, that the 
participants are made aware what kind of (personal) data will be processed, how it will 
be used and for what purpose. In case of data acquired via a biobank/biorepository, it 
is possible they apply a broad consent which allows research participants to consent 
to a broad range of uses of their data and samples which is regarded by research ethics 
committees as specific enough to be considered “informed”. However, authors should 
always check the specific biobank/biorepository policies or any other type of data 
provider policies (in case of non-bio research) to be sure that this is the case. 

Consent to Participate 

For all research involving human subjects, freely-given, informed consent to 
participate in the study must be obtained from participants (or their parent or legal 
guardian in the case of children under 16) and a statement to this effect should appear 
in the manuscript. In the case of articles describing human transplantation studies, 
authors must include a statement declaring that no organs/tissues were obtained 
from prisoners and must also name the institution(s)/clinic(s)/department(s) via 
which organs/tissues were obtained. For manuscripts reporting studies involving 
vulnerable groups where there is the potential for coercion or where consent may not 
have been fully informed, extra care will be taken by the editor and may be referred to 
the Springer Nature Research Integrity Group. 

Consent to Publish 

Individuals may consent to participate in a study, but object to having their data 
published in a journal article. Authors should make sure to also seek consent from 
individuals to publish their data prior to submitting their paper to a journal. This is in 
particular applicable to case studies. A consent to publish form can be found 



here. (Download docx, 36 kB)  

Summary of requirements 

The above should be summarized in a statement and placed in a ‘Declarations’ section 
before the reference list under a heading of ‘Consent to participate’ and/or ‘Consent 
to publish’. Other declarations include Funding, Competing interests, Ethics approval, 
Consent, Data and/or Code availability and Authors’ contribution statements. 

Please see the various examples of wording below and revise/customize the sample 
statements according to your own needs. 

Sample statements for "Consent to participate": 

Informed consent was obtained from all individual participants included in the study. 

Informed consent was obtained from legal guardians. 

Written informed consent was obtained from the parents. 

Verbal informed consent was obtained prior to the interview. 

Sample statements for “Consent to publish”: 

The authors affirm that human research participants provided informed consent for 
publication of the images in Figure(s) 1a, 1b and 1c. 

The participant has consented to the submission of the case report to the journal. 

Patients signed informed consent regarding publishing their data and photographs. 

Sample statements if identifying information about participants is available in the 
article: 

Additional informed consent was obtained from all individual participants for whom 
identifying information is included in this article. 

Authors are responsible for correctness of the statements provided in the manuscript. 
See also Authorship Principles. The Editor-in-Chief reserves the right to reject 
submissions that do not meet the guidelines described in this section. 

Images will be removed from publication if authors have not obtained informed 
consent or the paper may be removed and replaced with a notice explaining the reason 
for removal. 
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Research Data Policy and Data Availability Statements 

This journal follows Springer Nature research data policy. Sharing of all relevant 
research data is strongly encouraged and authors must add a Data Availability 
Statement to original research articles. 

Research data includes a wide range of types, including spreadsheets, images, textual 
extracts, archival documents, video or audio, interview notes or any specialist formats 
generated during research. 

Data availability statements 

https://media.springer.com/full/springer-instructions-for-authors-assets/docx/1670615_SN_Consent%20form%20for%20publication.docx
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All original research must include a data availability statement. This statement should 
explain how to access data supporting the results and analysis in the article, including 
links/citations to publicly archived datasets analysed or generated during the study. 
Please see our full policy here. 

If it is not possible to share research data publicly, for instance when individual 
privacy could be compromised, this statement should describe how data can be 
accessed and any conditions for reuse. Participant consent should be obtained and 
documented prior to data collection. See our guidance on sensitive data for more 
information. 

When creating a data availability statement, authors are encouraged to consider the 
minimal dataset that would be necessary to interpret, replicate and build upon the 
findings reported in the article. 

Further guidance on writing a data availability statement, including examples, is 
available at: 

Data availability statements 

Data repositories 

Authors are strongly encouraged to deposit their supporting data in a publicly 
available repository. Sharing your data in a repository promotes the integrity, 
discovery and reuse of your research, making it easier for the research community to 
build on and credit your work. 

See our data repository guidance for information on finding a suitable repository. 

We recommend the use of discipline-specific repositories where available. For a 
number of data types, submission to specific public repositories is mandatory. 

See our list of mandated data types. 

The journal encourages making research data available under open licences that 
permit reuse. The journal does not enforce use of particular licences in third party 
repositories. You should ensure you have necessary rights to share any data that you 
deposit in a repository. 

Data citation 

The journal recommends that authors cite any publicly available data on which the 
conclusions of the paper rely. This includes data the authors are sharing alongside 
their publication and any secondary data the authors have reused. Data citations 
should include a persistent identifier (such as a DOI), should be included in the 
reference list using the minimum information recommended by DataCite (Dataset 
Creator, Dataset Title, Publisher [repository], Publication Year, Identifier [e.g. DOI, 
Handle, Accession or ARK]) and follow journal style. 

See our further guidance on citing datasets. 

Research data and peer review 

If the journal that you are submitting to uses double-anonymous peer review and you 
are providing reviewers with access to your data (for example via a repository link, 

https://www.springernature.com/gp/authors/research-data-policy
https://www.springernature.com/gp/authors/research-data-policy/sensitive-data
https://www.springernature.com/gp/authors/research-data-policy/data-availability-statements
https://www.springernature.com/gp/authors/research-data-policy/recommended-repositories
https://www.springernature.com/gp/authors/research-data-policy/repositories-mandates/19540364
https://datacite.org/cite-your-data.html
https://researchdata.springernature.com/posts/the-basics-of-data-citation


supplementary information or data on request), it is strongly suggested that the 
authorship in the data is also anonymised. There are data repositories that can assist 
with this and/or will create a link to mask the authorship of your data. 

Support with research data policy 

Authors who need help understanding our data sharing policy, finding a suitable data 
repository, or organising and sharing research data can consult our Research Data 
Helpdesk for guidance. 

See our FAQ page for more information on Springer Nature’s research data policy. 
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After acceptance 

Upon acceptance, your article will be exported to Production to undergo typesetting. 
Shortly after this you will receive two e-mails. One contains a request to confirm your 
affiliation, choose the publishing model for your article, as well as to arrange rights 
and payment of any associated publication cost. A second e-mail containing a link to 
your article’s proofs will be sent once typesetting is completed. 

Article publishing agreement 

Depending on the ownership of the journal and its policies, you will either grant the 
Publisher an exclusive licence to publish the article or will be asked to transfer 
copyright of the article to the Publisher. 

Offprints 

Offprints can be ordered by the corresponding author. 

Color illustrations 

Publication of color illustrations is free of charge. 

Proof reading 

The purpose of the proof is to check for typesetting or conversion errors and the 
completeness and accuracy of the text, tables and figures. Substantial changes in 
content, e.g., new results, corrected values, title and authorship, are not allowed 
without the approval of the Editor. 

After online publication, further changes can only be made in the form of an Erratum, 
which will be hyperlinked to the article. 
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Open Choice 

Open Choice allows you to publish open access in more than 1850 Springer Nature 
journals, making your research more visible and accessible immediately on 
publication. 

Article processing charges (APCs) vary by journal – view the full list 
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Benefits: 

• Increased researcher engagement: Open Choice enables access by anyone with 
an internet connection, immediately on publication. 

• Higher visibility and impact: In Springer hybrid journals, OA articles are 
accessed 4 times more often on average, and cited 1.7 more times on average*. 

• Easy compliance with funder and institutional mandates: Many funders 
require open access publishing, and some take compliance into account when 
assessing future grant applications. 

It is easy to find funding to support open access – please see our funding and support 
pages for more information. 

*) Within the first three years of publication. Springer Nature hybrid journal OA 
impact analysis, 2018. 

Open Choice 

Funding and Support pages 

Copyright and license term – CC BY 

Open Choice articles do not require transfer of copyright as the copyright remains 
with the author. In opting for open access, the author(s) agree to publish the article 
under the Creative Commons Attribution License. 

Find more about the license agreement 
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Editing Services 

English 

How can you help improve your manuscript for publication? 

Presenting your work in a well-structured manuscript and in well-written English 
gives it its best chance for editors and reviewers to understand it and evaluate it fairly. 
Many researchers find that getting some independent support helps them present 
their results in the best possible light. The experts at Springer Nature Author Services 
can help you with manuscript preparation—including English language editing, 
developmental comments, manuscript formatting, figure preparation, translation, 
and more. 

Get started and save 15% 

You can also use our free Grammar Check tool for an evaluation of your work. 

Please note that using these tools, or any other service, is not a requirement for 
publication, nor does it imply or guarantee that editors will accept the article, or even 
select it for peer review. 

Chinese (中文) 

您怎么做才有助于改进您的稿件以便顺利发表？ 

https://www.springer.com/gp/open-access/springer-open-choice?wt_mc=Internal.Internal.1.AUT642.OpenChoice_IFA&utm_medium=internal&utm_source=internal&utm_content=5282018&utm_campaign=1_barz01_openchoice_ifa
https://www.springernature.com/gp/open-research/funding/articles?wt_mc=Internal.Internal.1.AUT642.Funding_IFA&utm_medium=internal&utm_source=internal&utm_content=5282018&utm_campaign=1_barz01_funding_ifa
https://creativecommons.org/licenses/by/4.0/
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https://authorservices.springernature.com/go/sn/?utm_source=Website&utm_medium=Springer&utm_campaign=SNAS+Referrals+2022&utm_id=ref2022
https://www.aje.com/grammar-check/?utm_source=Website&utm_medium=Springer&utm_campaign=SNAS+Referrals+2022+GC&utm_id=Grammar+Check


如果在结构精巧的稿件中用精心组织的英语展示您的作品，就能最大限

度地让编辑和审稿人理解并公正评估您的作品。许多研究人员发现，获

得一些独立支持有助于他们以尽可能美好的方式展示他们的成果。

Springer Nature Author Services 的专家可帮助您准备稿件，具体包

括润色英语表述、添加有见地的注释、为稿件排版、设计图表、翻译等

。 

开始使用即可节省 15% 的费用 

您还可以使用我们的免费语法检查工具来评估您的作品。 

请注意，使用这些工具或任何其他服务不是发表前必须满足的要求，也

不暗示或保证相关文章定会被编辑接受（甚至未必会被选送同行评审）

。 

Japanese (日本語) 

発表に備えて、論文を改善するにはどうすればよいでしょうか？ 

内容が適切に組み立てられ、質の高い英語で書かれた論文を投稿すれ

ば、編集者や査読者が論文を理解し、公正に評価するための最善の機

会となります。多くの研究者は、個別のサポートを受けることで、研

究結果を可能な限り最高の形で発表できると思っています。Springer 
Nature Author Servicesのエキスパートが、英文の編集、建設的な提
言、論文の書式、図の調整、翻訳など、論文の作成をサポートいたし

ます。 

今なら15％割引でご利用いただけます 

原稿の評価に、無料の文法チェックツールもご利用いただけます。 

これらのツールや他のサービスをご利用いただくことは、論文を掲載

するための要件ではありません。また、編集者が論文を受理したり、

査読に選定したりすることを示唆または保証するものではないことに

ご注意ください。 

Korean (한국어) 

https://authorservices.springernature.com/go/sn/?utm_source=Website&utm_medium=Springer&utm_campaign=SNAS+Referrals+2022&utm_id=ref2022
https://www.aje.com/grammar-check/?utm_source=Website&utm_medium=Springer&utm_campaign=SNAS+Referrals+2022+GC&utm_id=Grammar+Check
https://authorservices.springernature.com/go/sn/?utm_source=Website&utm_medium=Springer&utm_campaign=SNAS+Referrals+2022&utm_id=ref2022
https://www.aje.com/grammar-check/?utm_source=Website&utm_medium=Springer&utm_campaign=SNAS+Referrals+2022+GC&utm_id=Grammar+Check


게재를 위해 원고를 개선하려면 어떻게 해야 할까요? 

여러분의 작품을 체계적인 원고로 발표하는 것은 편집자와 심사자가 
여러분의 연구를 이해하고 공정하게 평가할 수 있는 최선의 기회를 
제공합니다. 많은 연구자들은 어느 정도 독립적인 지원을 받는 것이 
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