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Serious complications of surgery include deep vein 
thrombosis (DVT) and pulmonary embolism (PE) –
together referred to as venous thromboembolism 
(VTE) – and major bleeding

Substantial practice variation in the use of 
thromboprophylaxis, both within and between 
countries 

Uro: Violette et al. Eur Urol Focus 2020 
Gyne: Hopkins et al. J Obstet Gynaecol

Can 2012
Gyne: Petch et al. Thromb Res 2016
General/Gyne: Pourjamal et al. BJS Open 2022

Introduction



No consensus on the use of 
thromboprophylaxis

No procedure-specific guidance 
for general abdominal or 
gynecologic surgery

Risks known to vary between 
procedures, but magnitude 
uncertain

The only procedure-specific 
guideline in any surgery is in 
urology, EAU

No procedure-specific 
guidance

Lavikainen et al. Syst Rev 2021



1. Effect of treatment (prophylaxis)
– Systematic review and meta-analysis of 

randomized trials

2. Baseline risk (‘natural history’) of outcomes
– ‘Best contemporary, observational evidence’ 

including lowest risk of bias (or median value) 
identified through systematic review

3. Patient-related risk (and protective) factors 
    

What should be considered when recommending 
(or not recommending) thromboprophylaxis?



Effect of TP:  Heparin vs. no prophylaxis
Nonfatal bleedingNonfatal PE

Nonfatal PE-50%

Nonfatal bleeding+50%



Effect of TP:  Antiplatelets (aspirin) vs. placebo

VTE-20%

Bleeding+20%

1. Devereaux PJ, Mrkobrada M, Sessler DI, et al. Aspirin in patients undergoing noncardiac surgery. N Engl J Med. 2014;370(16):1494-1503. doi:10.1056/NEJMoa1401105
2. Prevention of pulmonary embolism and deep vein thrombosis with low dose aspirin: Pulmonary Embolism Prevention (PEP) trial. Lancet. 2000;355(9212):1295-1302.
3. Columbo JA, Lambour AJ, Sundling RA, et al. A Meta-analysis of the Impact of Aspirin, Clopidogrel, and Dual Antiplatelet Therapy on Bleeding Complications in Noncardiac Surgery. Ann Surg. 2018;267(1):1-10. d









APPEAL Study 
Centers

A Multicenter Randomized Trial Assessing the Efficacy of 
Antimicrobial Prophylaxis 

(vs Placebo) for Shock Wave Lithotripsy on Reducing Urinary Tract 

1. Recruitment 100% 
completed (>1,700)

2. Data checking, analysis 
and meta-analysis soon 
completed 

3. Main paper (RCT), incl. 
meta-analysis, to be 
submitted before summer 
2023 

4. Secondary papers to 
be submitted during 
2023:
- LUTS and stone position 
- Risk factors of UTI in 

SWL

Team Helsinki
Arto Mikkola Tuomas Kilpeläine
Sanna Myrskysalo
Petrus Järvinen
Petrus JärvinenSara Tornberg
Pauliina Kuutti Saana Horstia

 





Symptomatic venous thrombosis Clinically relevant bleeding



Pragmatic trial

Broad and simple inclusion criteria

Central randomization

No extraneous data collection



ARTS Study Centers
General, gyne and/or urologic surgery 

departments

Simple pragmatic 
trial
5,300 patients
Apixaban vs no
VTE/bleeding post 
op

Contact: 
kari.tikkinen@helsinki.fi

arts@hus.fi

So far interested
>100 departments 
>80 centers
>20 countries

Drug regulator (Fimea) 
& Ethics (Tukija) under 
review

Applying for approvals; 
start during 2023
FIN: Helsinki, Tampere, Turku Lappeenranta, 
Jyväskylä, ...

Tentative agreement of participation
FIN: Turku, Tampere, Lohja, Hyvinkää, Joensuu, 
Jyväskylä, Hämeenlinna, Oulu; CAN: Hamilton, 
Toronto, Sherbrooke, London, Montreal, 
Saskatoon, Vancouver, Thunder Bay, Calgary, 
Ottawa, Quebec City; ESP: Malaga, Coruña, 
Santander, Madrid; USA: Cleveland, Winston-
Salem, Philadelphia; AUS: Sydney, Melbourne; 
NOR: Oslo; SWE: Stockholm; UK: London; IR: 
Dublin; BE: Leuven;  FRA: Tours; 
IRN: Tabriz  Tehran  Isfahan  Shiraz  Rasht; ISR: 

mailto:kari.tikkinen@helsinki.fi
mailto:arts@hus.fi


Team effort

Great chance to contribute and learn from large, pragmatic trials

Potentially practice changing

Thromboprophylaxis policy of your hospitals – several per country!

Made as easy as possible to be implemented in busy clinical practice

Flexible inclusion of general abdominal, gynecologic and urologic surgery patients 
with similar risk of thrombosis and bleeding

Contact: 
kari.tikkinen@helsinki.fi

arts@hus fi

mailto:kari.tikkinen@helsinki.fi
mailto:arts@hus.fi


1. Effect of treatment (prophylaxis)
– Systematic review and meta-analysis of 

randomized trials

2. Baseline risk (‘natural history’) of outcomes
– ‘Best contemporary, observational evidence’ 

including lowest risk of bias (or median value) 
identified through systematic review

3. Patient-related risk (and protective) factors 
    

What should be considered when recommending 
(or not recommending) thromboprophylaxis?



Evidence summaries for baseline risks of 
VTE and bleeding in urology (ROTBUS)



14 different types of 
urological cancer 
procedures based on 71 
studies

11 uro(gyneco)logical 
noncancer procedures 
based on 38 studies

Much of the evidence 
regarding baseline risk is 
(very) low quality

• Old search was until 01 Jan 

Evidence summaries for baseline 
risks of VTE and bleeding in 
urology available - ROTBUS

Eur Urol 2017



Procedure
Risk of VTE 

(low-high patient 
strata), %

Risk of 
bleeding, %

Open radical cystectomy 2.9-11.6 0.3

Robotic radical cystectomy 2.6-10.3 0.3

RALP without PLND 0.2-0.9 0.4

RALP with extended PLND 0.9-3.7 0.8

Open radical prostatectomy without PLND 1.0-3.9 0.1

Open radical prostatectomy with ext’d PLND 3.9-15.7 0.2

Artificial urinary sphincter 0.3-1.0

TURP or equivalent 0.2-0.8

Urethroplasty 0.3-1.1

Prolapse surgery (open) 0.2-0.7 0.4

Reconstructive pelvic surgery (including 
female SUI and vaginal prolapse)

0.1-0.5 0.3

Big variation in the risk of symptomatic VTE 
between the procedures



Protocol OpenAccess from PubMed or from
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s1

• General abdominal: 25,000 T&A and 2,600 full texts 
screened

• Gynecologic: 7,500 T&A and 1,600 full texts 
screened 

• 581 studies included (282+299)

• >100 general abdominal surgery procedures
• >80 gynecologic surgery procedures

• Series of 5 articles to be published in 2023
• General Abdominal, Colorectal, HPB & Upper GI
• Cancer and Non-Cancer Gynecology

Evidence summaries for baseline risks of VTE and 
bleeding soon available for general abdominal and 

gynecologic surgeries



Evidence summaries for baseline risks of 
VTE and bleeding in urology (ROTBUS) as 

well as general abdominal and 
gynecologic surgeries (ROTBIGGS)

Eur Urol 201
HPB and UGI 
surgery procedures: 
Symptomatic VTE 
and major bleeding

Under review

Colorectal surgery 
procedures: 
Symptomatic VTE 
and major bleeding

Under review

Gynecologic cancer 
procedures: 
Symptomatic VTE 
and major bleeding

Am J Obstet Gynecol 
(submission 03/2023)

Gynecologic non-
cancer procedures: 
Symptomatic VTE 
and major bleeding

Am J Obstet Gynecol 
(submission 03/2023)

General abdominal 
surgery procedures: 
Symptomatic VTE 
and major bleeding

Under review

Protocol

Practice variation

VTE Timing



How long? “Extended” (4 weeks) 
thromboprophylaxis?
When to start? Beginning next morning after 
surgery?

Tikkinen et al. Syst Rev 2014    Sweetland et al. BMJ 2009    Amin et al. J Tromb Haemost 2007    
Devereaux et al  NEJM 2014



EAU23 - A1009: Singh et al. Timing of symptomatic venous
thromboembolism after surgery: A systematic review and meta-analysis
Published also today in the BJS!



EAU23 - A1009: Singh et al. Timing of symptomatic venous
thromboembolism after surgery: A systematic review and meta-analysis
Published today in the BJS!



No statistically significant differences



2019

• Seven RCTs (1728 participants) were identified 
evaluating extended prophylaxis with LMWH for 
≥14 days vs in-hospital period only after 
abdominal or pelvic surgery

• Any VTE: 5.3% in the extended vs. 13.2% in 
the hospital only (OR 0.38, 95% CI 0.26-
0.54; I2=28%; moderate-quality)

• Sympt. VTE: 0.1% in the extended vs. 1.0% the 
hospital only  (OR 0.30, 95% CI 0.1-1.1; 
I2=0%; moderate-quality)



1. Effect of treatment (prophylaxis)
– Systematic review and meta-analysis of 

randomized trials

2. Baseline risk (‘natural history’) of outcomes
– ‘Best contemporary, observational evidence’ 

including lowest risk of bias (or median value) 
identified through systematic review

3. Patient-related risk (and protective) factors 
    

What should be considered when recommending 
(or not recommending) thromboprophylaxis?



Stratifying the risk of VTE according to patient 
risk factors 

Based on literature search, we developed a very simple 
model for risk of VTE but not for risk of bleeding 
(inconsistent evidence). 

VTE risk Risk

Low No risk factors 1x

Medium Any one of the following: 2x
Age 75 years or more

Body mass index 35 or more

VTE in 1st degree relative (parent, full sibling, or child)

High Prior VTE 4x
Patients with any combination of two or more risk factors 



4. Quality of evidence / certainty in estimates

5. Relative value of different (good and bad) outcomes

6. Burden and other effects of treatment (prophylaxis)

7. Patients’ values and preferences

8. Costs

What should be considered when recommending 
(or not) thromboprophylaxis?



Available at:
https://twitter.com/KariTikkinen/status/936532034817847
http://clueworkinggroup.com/2017/12/01/thromboprophyl

https://twitter.com/KariTikkinen/status/936532034817847297?s=20
http://clueworkinggroup.com/2017/12/01/thromboprophylaxis-infographic


Strong recommendation
– benefits clearly outweigh 

risks/hassle/cost
– risk/hassle/cost clearly outweighs 

benefit

What can downgrade strength?
– low confidence in estimates 
– close balance between upsides and 

downsides

Strength of recommendation



• We considered DVT and PE as equally problematic 
and assigned them a single weighting: “any 
symptomatic VTE”

• We defined “major bleeding” as bleeding requiring 
re-operation/re-exploration (including angio-
embolization)

- Also transfusion rates to be provided in 
ROTBIGGS

• We assigned twice the weight for major bleeding as 
   

Relative value of different outcomes



Take home messages

VTE and bleeding risks unknown, 
ROTBIGGS publications available next 
year

In some procedures, VTE risk high, 
bleeding low                              
clearly prophylaxis 

In some, VTE risk is low, bleeding high                                              
 clearly no prophylaxis 

Most not so clear because of close call 
and because                        of 
uncertainty in both VTE and bleeding 

i



2022



• Recruited patients 06/2018 – 07/2021 at 
114 hospitals in 22 countries

• Inclusion
• 45 years of age or older
• Inpatient noncardiac surgery
• At risk for bleeding & cardiovascular 

complications 

• Exclusion
• Cardiac surgery or intracranial neurosurgery
• If a physician planned to administer systemic 

tranexamic acid during surgery
• Creatinine clearance of <30 ml/minute or long-

term dialysis

Patients



Interventions and Outcomes

Patients assigned in a 1:1 ratio to receive tranexamic acid (1-g intravenous bolus) 
or placebo at the start and end of surgery and, in a 1:1 ratio with the use of a 
partial factorial design, to a hypotension-avoidance strategy or a hypertension-
avoidance strategy

The primary efficacy outcome (at 30 days)
A composite of life-threatening bleeding, major bleeding, and bleeding into a 

critical organ 

The primary safety outcome (at 30 days)
A composite of myocardial injury (i.e., myocardial infarction or isolated ischemic 

troponin elevation), nonhemorrhagic stroke, peripheral arterial thrombosis, 
and symptomatic proximal venous thromboembolism





In principle there are four options:

1. to defer surgery until antithrombotic agents are 
not anymore needed 

2. stop antithrombotic agents prior to surgery and 
restart some time after surgery

3. continue through the surgery

4. “bridge” antithrombotic agents 

Management of antithrombotic agents 
during perioperative period



5 days appropriate time to stop antiplatelet 
agents 

before surgery while the optimal time to stop 
varies across anticoagulants 



• A large, rigorous randomized trial comparing aspirin 
to placebo showed that aspirin increases post-
operative bleeding without reducing arterial 
thrombotic events             Devereaux et al. NEJM 2014

– Indirect evidence for antiplatelet agents other than 
aspirin 

– However, perioperative aspirin may be beneficial for 
patients with prior percutaneous coronary intervention 
(PCI) Graham et al. Ann Intern Med 2017

• Evidence has also demonstrated that bridging with 
LMWH increases bleeding without preventing 

                                                         

Earlier major guidelines preceded major studies



1. Discontinue antithrombotic therapy for the period 
around surgery

or

2. In those with a temporary very high risk of 
thrombosis, delay surgery until that risk 
decreases. If it is not possible to delay, continuing 
antithrombotic therapy or bridging through surgery 
may be advisable

EAU Thromboprophlaxis guideline principles for 
peri-operative management of antithrombotic 

agents in urology



Peri-operative management of antithrombotic
agents: 7 recommendations out of 9 strong

In patients receiving antiplatelet agents, we recommend 
stopping antiplatelet agents before surgery and not 
initiating any alternative antithrombotic therapy

In patients in whom antiplatelet agents have been 
stopped before surgery, we recommend restarting when 
bleeding is no longer a serious risk – typically four days 
post-surgery – rather than longer periods of withholding

In patients with very high risk of thrombosis receiving 
antiplatelet agents in whom surgery can be delayed, we 
recommend delaying surgery
• drug-eluting stent placement within 6 months

      



PAUSE prospective cohort study
Douketis et al. JAMA Int Med 201  

Conducted at 23 clinical centers in Canada, USt, and Europe 
(08/2014 - 07/2018)

3,007 participants with AF; long-term DOAC users; scheduled 
for elective surgery

DOAC omitted 1d before a low–; and 2d before a high–
bleeding-risk procedure

DOAC resumed 1d after a low and 2-3d after a high–bleeding-
risk procedure

Major bleeding at 
30 days

Arterial thromboembolism at 
30 days

Apixaban 1.35% (0%-2.00%) 0.16% (0%-0.48%)

Dabigatr
an

0.90% (0%-1.73%) 0.60% (0%-1.33%) 

Rivaroxa 1 85% (0%-2 65%) 0 37% (0% 0 82%) 



Peri-operative management of antithrombotic
agents: 7 recommendations out of 9 strong

In patients receiving anticoagulant agents, except those 
with very high risk of thrombosis, we recommend 
stopping drugs before surgery and not initiating any 
alternative antithrombotic therapy

In patients with a new VTE, we recommend that surgery is 
delayed for at least 1 month, and if possible 3 months, 
to permit discontinuation of anticoagulation pre-
operatively, rather than operating within 1 month of 
thrombosis 

In patients receiving any anticoagulant with a severe 
thrombophilia, such as antithrombin deficiency and 

ti h h li id tib d  d   t 



Exclusion criteria
• Active bleeding or major hemorrhage during the last 6 months
• Contraindication to anticoagulant prophylaxis
• Requiring ongoing anticoagulant/antiplatelet during previous 7 days preceding surgery or within 30 days post-surgery
• Known thrombophilia 
• Known bleeding disorder
• Substantial liver impairment (for instance, INR 1.4 or more during last 60 days)
• Creatinine clearance <30ml/min
• Platelet count <50,000 × 109/L 
• Hb <70 g/L (= <7 g/dL)
• Known allergy to apixaban
• Taking strong inhibitors or inductors of both CYP 3A4 and P-glycoprotein, such as anti-seizure medications (e.g. 

phenytoin, fosphenytoin, carbamazepine), azole-antimycotics (e.g. ketoconazole, itraconazole), HIV-protease inhibitors 
(e.g. ritonavir, indinavir) and rifampicin

• Concomitant procedures with high risk of VTE/bleeding
• Emergency operation that needs to be performed within 24 hours
• Pregnant or breast-feeding women
• Previous randomization in this trial
• Any reason why, in the opinion of the investigator(s), the patient should not participate



General Abdominal Surgery:
Potential procedures to be included after careful 
consideration of patient’s personal VTE and 
bleeding risk factors

General abdominal surgery
Cholecystectomy, open
Cholecystectomy, open, emergency
Groin hernia repair, open, emergency
Ventral hernia repair, open
Ventral hernia repair, laparoscopic, emergency
Ventral hernia repair, open, emergency
Small bowel resection, laparoscopic
Small bowel resection, laparoscopic, benign
Small bowel resection, laparoscopic, malignant
Small bowel resection, laparoscopic, IBD
Splenectomy, laparoscopic, elective
Splenectomy, open, elective

General colorectal surgery
Abdominoperineal resection, laparoscopic
Anterior resection, minimally-invasive
Anterior resection, robotic
Anterior resection, open
Anterior resection, laparoscopic, emergency
Anterior resection, open, benign
Anterior resection, open, malignant
Anterior resection, open, IBD
Colectomy, minimally-invasive
Colectomy, laparoscopic
Colectomy, robotic
Colectomy, laparoscopic, malignant
Colectomy, laparoscopic, IBD
Colectomy, open, benign
Colectomy, laparoscopic, left
Colectomy, laparoscopic, right
Colectomy, open, left
Colectomy, open, right

General hepatobiliary and upper gastrointestinal surgery
Distal pancreatectomy, minimally-invasive
Distal pancreatectomy, laparoscopic
Distal pancreatectomy, laparoscopic, benign
Distal pancreatectomy, open, benign
Liver resection, minimally-invasive, minor
Liver resection, robotic
Liver resection, open
Liver resection, laparoscopic, minor
Liver resection, open, minor
Liver resection, open, major
Gastrectomy, robotic
Gastric bypass, robotic
Gastric bypass, open
Sleeve gastrectomy, robotic



Gynecologic cancer surgery
Trachelectomy, radical, with laparoscopic pelvic lymphadenectomy, vaginal
Trachelectomy, radical, with pelvic lymphadenectomy, open
Surgery for ovarian cancer, any, minimally-invasive
Vulvectomy, any
Hysterectomy, any, vaginal
Hysterectomy, any, open
Supracervical hysterectomy, malign, laparoscopic
Supracervical hysterectomy, malign, open
Total hysterectomy, with or without lymphadenectomy, robotic
Total hysterectomy, with or without lymphadenectomy, vaginal
Total hysterectomy, with or without lymphadenectomy, open
Total hysterectomy, with lymphadenectomy, minimally-invasive
Total hysterectomy, with lymphadenectomy, laparoscopic
Total hysterectomy, with lymphadenectomy, robotic
Total hysterectomy, with lymphadenectomy, open
Radical hysterectomy, with lymphadenectomy, minimally-invasive
Radical hysterectomy, with lymphadenectomy, laparoscopic
Radical hysterectomy, with lymphadenectomy, open

Gynecologic Surgery:
Potential procedures to be included after careful 
consideration of patient’s personal VTE and 
bleeding risk factors

Gynecologic non-cancer surgery
Deep endometriosis surgery, with bowel surgery, open
Oophorectomy, robotic
Sacrocolpopexy, robotic
Sacrocolpopexy, open
Sacrocolpopexy, with hysterectomy, minimally-invasive
Sacrocolpopexy, with hysterectomy, open
Sacrocolpopexy, without hysterectomy, minimally-invasive
Sacrocolpopexy, without hysterectomy, open
Uterosacral ligament suspension, laparoscopic
Vaginal obliterative POP surgery (colpocleisis)
Hysterectomy, any, open 
Supracervical hysterectomy, benign, open
Total hysterectomy, benign, open



Urologic cancer surgery
Laparoscopic radical prostatectomy without lymph node dissection
Laparoscopic radical prostatectomy with standard lymph node dissection
Laparoscopic radical prostatectomy with extended lymph node dissection
Open radical prostatectomy without lymph node dissection
Robotic radical prostatectomy with standard lymph node dissection
Robotic radical prostatectomy with extended lymph node dissection
Laparoscopic partial nephrectomy
Open partial nephrectomy
Robotic partial nephrectomy
Laparoscopic radical nephrectomy
Open radical nephrectomy
Open nephroureterectomy
Radical penectomy with inguinal lymph node dissection

Urologic non-cancer surgery
Sling surgery for male stress urinary incontinence
Recipient nephrectomy, open

Urologic Surgery:
Potential procedures to be included after careful 
consideration of patient’s personal VTE and 
bleeding risk factors
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