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Abstract

Background: There is low-certainty evidence on the impact of extended pharmacological prophylaxis on venous thromboembolism-
associated morbidity and mortality. The aim of this study was to determine the efficacy and safety of extended prophylaxis after major
abdominopelvic surgery for the prevention of clinically relevant venous thromboembolism after hospital discharge.

Methods: CArdiovaSCulAr outcomes after major abDominal surgEry (CASCADE) was a prospective, international, cohort study into
which consecutive adult patients undergoing major abdominopelvic surgery were enrolled (January-May 2022). Extended
prophylaxis was considered at least 28 days of anticoagulant prescription after surgery. The primary efficacy outcome was
clinically relevant venous thromboembolism and the primary safety outcome was clinically relevant bleeding within 30 days after
surgery (European Medicines Agency definitions). The independent association of these outcomes with extended prophylaxis was
explored using mixed-effects logistic regression and propensity score weighting.

Results: A total of 11571 patients (median age of 58.0 years; 6399 (55.3%) women) from 29 countries were included. The extended
prophylaxis prescription rate was 31.7% (3670 patients). The post-discharge venous thromboembolism and bleeding rates were
0.1% (12 patients) and 0.7% (85 patients) respectively. After weighting, extended prophylaxis was not significantly associated with
increased bleeding risk (OR 1.07 (95% c.i. 0.64 to 1.81); P=0.792) or decreased venous thromboembolism incidence, both in the
overall cohort (OR 1.13 (95% c.i. 0.33 to 3.90); P=0.848) and in a subgroup analysis of patients undergoing complex major surgery
and with active cancer (OR: 1.36 (95% c.i. 0.33 to 5.57); P=0.669).

Conclusion: In modern practice, the incidence of postoperative venous thromboembolism is low. Extended prophylaxis appears safe,
yet the clinical efficacy remains uncertain. Further work is required to define patients who stand to benefit.

Lay summary

Blood clots are a possible complication after major surgery. These can be very serious. If they form in the legs, they can cause swelling
and pain. If they travel to the lungs, they can cause breathlessness or chest pain, and can be life-threatening. Injections of blood
thinners (heparin) under the skin for at least 28 days after surgery can reduce the total number of blood clots. However, only some
blood clots cause symptoms and it is unclear whether the heparin injections can reduce the number of symptomatic blood clots.
In this study, the authors wanted to look at whether the injections can reduce the number of symptomatic blood clots, without
increasing the risk of bleeding, after surgery. This was a large, international study that collected data on adult patients having
major abdominal and pelvic surgery. The authors used robust statistical methods to compare patients who received or did not
receive the heparin injections. This study included 11571 patients from 29 countries. Around one-third received the heparin
injections for at least 28 days. Only 12 people developed clots after surgery. The authors did not find that the injections reduced
the likelihood of developing symptomatic blood clots. The injections did not increase the risk of bleeding. The findings suggest
that 28 days of heparin injections might not be useful for all patients having major abdominal or pelvic surgery. The authors’
opinion is that these should be reserved for those that have a higher risk of developing blood clots.

Introduction immediate postoperative interval and, for some patients, it
Major abdominal and pelvic surgery is a well-established risk can remain significant even 3-6 months after surgery**. To
factor for the development of venous thromboembolism (VTE), minimize this risk, current guidelines recommend a minimum
which is associated with significant morbidity and mortality™?, of 28 days of postoperative pharmacological prophylaxis with
Current evidence suggests that VTE risk is not limited to the low molecular weight heparin (LMWH), also known as extended
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pharmacological prophylaxis, for patients undergoing major
abdominal and pelvic surgery, with some guidelines limiting this
recommendation to cancer surgeries only” .

However, this recommendation is based on low-certainty
evidence. The majority of the studies supporting the use of
extended pharmacological prophylaxis were conducted before
the introduction of Enhanced Recovery After Surgery (ERAS)
protocols and the widespread adoption of minimally invasive
surgery, resulting in study populations that are not comparable
to contemporary surgical practices®°. In addition, most RCTs
investigating the use of extended prophylaxis adopted outcomes
with limited clinical relevance and required the use of invasive
diagnostic techniques, such as venography, that are not part of
standard practice, all of which have implications as to whether
their conclusions on the impact of extended prophylaxis on
VTE-associated morbidity and mortality are clinically relevant®°.
The current validity of the guidelines is also questioned by
surgeons, as evidenced by their limited compliance with the
policy, due to concerns about LWMH costs, suboptimal patient
adherence to daily subcutaneous injections, and the potential
negative impact the widespread adoption of the policy might
have on the finances and resources of healthcare systems** .

The aim of this analysis of the CArdiovaSCulAr outcomes after
major abDominal surgEry (CASCADE) study was to determine
the efficacy and safety of extended prophylaxis after major
abdominal and pelvic surgery for the prevention of post-discharge
clinically relevant VTE in a contemporary, international surgical
population using pragmatic, clinically relevant outcomes.

Methods
Study design

CASCADE was an international, observational, prospective cohort
study, which was conducted according to a published protocol®.
This analysis was performed according to STROBE reporting
guidelines for observational studies'®.

CASCADE was delivered by the STARSurg and EuroSurg
student- and trainee-led collaborative groups. Any centre
conducting major abdominopelvic surgery in Europe was invited
to participate, with prospective identification of patients by local
collaborators across a predefined, 2-week data collection
window between 23 January and 1 May 2022. Routine,
anonymized data were collected with no change to clinical care
pathways. Before data collection, confirmation of appropriate
local and/or national regulatory approval, according to
country-specific regulations, was required.

The protocol for the CASCADE project was pre-published,;
however, this study was not pre-registered in an institutional

registry.
Eligibility criteria
Consecutive adult patients (greater than or equal to 18 years
of age) undergoing major abdominal and pelvic surgical
procedures through any operative approach were eligible
(abdominal and/or pelvic visceral resection; formation or
reversal of stoma; or anterior abdominal wall hernia repair).
Planned day-case procedures and those performed for traumatic
indications or without visceral resection were not studied.
Specific to this pre-planned analysis of the CASCADE dataset,
recruited eligible patients were excluded from the statistical
analysis based on the following criteria: prescription for
long-term therapeutic anticoagulation before admission;
inpatient mortality or duration of hospital stay greater than or

equal to 14 days; prescription for therapeutic anticoagulation on
discharge; and inpatient clinically relevant bleeding event.
These criteria were adopted to exclude from the analysis
patients with contraindications to extended VTE prophylaxis or
insufficient post-discharge time to observe the outcomes of
interest. In addition, patients who were prescribed prophylactic
LMWH beyond discharge, but for less than 28 days after surgery,
were excluded from the analysis as they did not receive
extended prophylaxis, according to the study’s definition of
extended prophylaxis.

Outcome measures

All patients were followed up for 30 days after surgery. The
primary efficacy outcome was the rate of post-discharge VTE
events. This was defined as a composite endpoint consisting of
clinically relevant and radiologically diagnosed events: proximal
deep-vein thrombosis (DVT; asymptomatic and symptomatic);
symptomatic distal DVT; symptomatic non-fatal pulmonary
embolism (PE); and VTE-related deaths (European Medicines
Agency definition’’). Given that this study did not modify
clinical practice, routine imaging of all patients at predefined
time points was not performed. Imaging was performed only if
deemed necessary by the local teams based on clinical
suspicion. The choice of the most appropriate imaging modality
was left to the local teams. The primary safety outcome was the
rate of post-discharge clinically relevant bleeding events, a
composite endpoint of major bleeding and clinically relevant
non-major bleeding, and defined as any bleeding that required
medical attention and/or had clinical consequences for a patient
(European Medicines Agency definition'’).

Explanatory variables

The main explanatory variable of interest was the prescription of
extended pharmacological VTE prophylaxis. In this analysis, this
was defined as at least 28 days of LMWH prescription after
surgery, whereas conventional prophylaxis was defined as
LMWH prescription until discharge. Given that this study did
not modify clinical practice, the choice of the most appropriate
prophylactic LMWH dosing (that is fixed dose or anti-factor
Xa-based dose) was left to the local teams. Similarly, the most
appropriate mechanical thromboprophylaxis devices were used
by the local teams where clinically indicated.

Additional variables were collected to risk-adjust outcomes for
the following potential confounding factors: age; sex; smoking
status; BMI; ASA grade; respiratory, cardiovascular, inflammatory,
and metabolic diseases (chronic obstructive pulmonary disease,
ischaemic heart disease, cerebrovascular disease, inflammatory
bowel disease, and diabetes mellitus); liver cirrhosis; renal
disease (chronic kidney disease stage IIB-V); previous VTE
events; active cancer (defined as surgery for malignant
indications and/or known malignancy at the time of surgery);
operative approach (open or minimally invasive); operative
urgency (elective or emergency); operative contamination
(clean-contaminated, contaminated, or dirty); duration of
operation; critical care (ICU/high dependency unit) admission;
postoperative SARS-CoV-2 infection; and duration of hospital
stay. Surgical procedures were stratified according to the
anatomical region involved (abdominal or pelvic) and
complexity (complex major or major). Complex major
procedures were defined as procedures coded as major plus or
complex major by the Bupa Schedule of Procedures’®.
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Statistical analyses

Patient demographics, perioperative variables, and outcomes
were compared for extended and conventional pharmacological
VTE  prophylaxis  groups. Categorical variables are
cross-tabulated and were compared using the chi-squared or
Fisher's exact tests. Continuous variables are summarized as
median (interquartile range (i.q.r.)) and were compared using
the Mann-Whitney test. Funnel plots with 95% and 99%
confidence intervals are used to present extended VTE
prophylaxis prescription rates and VTE rates (unadjusted and
risk-adjusted) of participating centres. Adjustment was
performed using mixed-effects logistic regression models.
Clinically plausible perioperative factors associated with
postoperative VTE, extended VTE prophylaxis prescription, and
clinical outcomes were incorporated into the modelling
approach as fixed effects and hospital was used as a random
effect.

Mixed-effects multivariable logistic regression was performed to
determine whether extended pharmacological VTE prophylaxis was
independently associated with the occurrence of post-discharge
clinically relevant VTE and bleeding events. The same modelling
approach was adopted that was used to derive risk-adjusted
extended VTE prophylaxis prescription rates. To minimize the risk
of model overfitting, reduced models with limited numbers of
explanatory variables were produced. Final model selection was
guided by expert opinion; variables included in the reduced
models were patients’ demographics and perioperative factors
most clinically relevant to the outcomes of interest.

To investigate the association between extended prophylaxis
and clinical outcomes, propensity score weighting (inverse
probability of treatment weighting) was used to address
confounding in those who did or did not receive extended
prophylaxis. The propensity score was defined using
multivariable logistic regression as the probability that a patient

Patients submitted to database
n=26573

would be prescribed extended pharmacological VTE prophylaxis
based on the following covariates: age, sex, BMI, ASA grade,
previous VTE events, active cancer, abdominal or pelvic surgery,
operative approach, operative urgency, and critical care
admission. Due to group sizes, the hospital-level identifier
(random effect) was not used in the weighting procedure. The
balance in the perioperative factors between groups was
assessed before and after using the absolute standardized mean
difference and a value below 0.1 was considered to indicate that
a variable was well balanced between groups. The weighted
data set was then used to fit outcome models using logistic
regression, based on the same variables used to generate the
propensity score weights. G-computation was used to estimate
the treatment effect.

For post-discharge clinically relevant VTE, two a priori
subgroup analyses were performed to further limit the
population heterogeneity and examine more closely the
subgroups of patients that tend to be prescribed extended
prophylaxis in clinical practice due to their higher VTE risk. The
first included patients undergoing complex major surgery and
the second included patients undergoing complex major surgery
and with active cancer at the time of surgery.

All effect estimates are presented as OR (95% c.i.). The
threshold for statistical significance was set a priori as P <0.050.
All analyses were performed using R version 4.1.1 (R Foundation
for Statistical Computing, Vienna, Austria) with the tidyverse,
finalfit, weightlt, and cobalt packages.

Results
Overall venous thromboembolism events

In total, 23 445 eligible patients were recruited from 445 hospitals
across 29 European countries (median age of 61.0 years; 12497
(53.3%) women) (Fig. 1 and Tables S1, S2). The postoperative rate

v

Eligible patients n = 23 445

A 4

Not eligible n = 3095
Ineligible procedure n = 2221
Incomplete record n = 907

Patients included in analysis
(inpatient only versus > 28 days of LMWH
after surgery) n = 11571

Fig. 1 Flow diagram of patient inclusion and exclusion
LMWH, low molecular weight heparin.

A 4

Ineligible LMWH prescription n = 4089
Long-term therapeutic

anticoagulation n = 3488

Inpatient mortality or length of stay

> 14 days n = 2937

Discharged on therapeutic
anticoagulation n = 910

Inpatient bleeding events n = 430
Missing data n = 20
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of clinically relevant VTE events was 0.7% (172 patients), with
most patients diagnosed before discharge (81.4%, 140 patients)
and a few patients diagnosed after discharge (18.6%, 32 patients)
(Fig. S1). After adjusting for confounding variables using
mixed-effects logistic regression, the median postoperative VTE
rate per centre was 0.2% (i.q.r. 0.1%-0.5%) (Fig. S2). A full
breakdown of baseline characteristics of the overall cohort
stratified by VTE event and of operations performed is provided
in Tables S1, S3.

Extended pharmacological venous
thromboembolism prophylaxis

Overall, 11 571 patients were included in the analysis (Fig. 1). Some
3670 patients (31.7%) were prescribed extended pharmacological
VTE prophylaxis (greater than or equal to 28 days of LWMH
after surgery) for a median duration of 32.0 (i.q.r. 29.0-36.0)
days. Conventional prophylaxis (inpatient-only LWMH; 68.3%,
7901 patients) was given for a median duration of 3.0 (i.q.r. 1.0-
5.0) days. See Table 1. The five most common operations were
cholecystectomy (20.2%), appendicectomy (12.4%), hysterectomy
(9.5%), right hemicolectomy (7.0%), and excision of the rectum
(abdominoperineal resection, anterior resection, or Hartmann'’s
procedure; 6.6%). A full breakdown of operations included in the
analysis is provided in Table S4.

Compared with patients prescribed conventional prophylaxis,
patients receiving extended prophylaxis were older (median age
of 64.0 versus 53.0 years; P<0.001), had a poorer physical status
(ASA grade II-V: 30.5% versus 18.2%; P <0.001), and had a greater
prevalence of active cancer at the time of surgery (82.6% versus
24.1%; P<0.001) (Table 1). Surgery for patients who received
extended prophylaxis more frequently involved the pelvic region
(45.4% versus 22.0%; P < 0.001), was more complex (complex major
procedures: 91.0% versus 41.7%; P<0.001), had a longer duration
(median of 183.0 versus 95.0 min; P <0.001), required critical care
admission (23.8% versus 13.5%; P<0.001), and required a longer
hospital stay (median of 6.0 versus 3.0 days; P <0.001) (Table 1). In
contrast, surgery for patients who received conventional
prophylaxis was more frequently performed in emergency
settings (34.8% versus 15.2%; P<0.001) and with a minimally
invasive approach (65.2% versus 53.8%; P < 0.001) (Table 1).

Among all 445 centres, the median extended VTE prophylaxis
prescription rate was 40.0% (i.q.r. 18.0%-75.0%) (Fig. 2a). This
substantial variation in practice could not be explained based on
case mix after adjustment using mixed-effects logistic
regression (median of 11.5% (1.q.r. 1.7%-66.8%)) (Fig. 2b).

Complex major surgery subgroup analysis

When limiting the analysis to patients undergoing complex major
surgery (6632 patients), extended VTE prophylaxis was prescribed
for 3341 patients (50.4%) (Table S7). The five most common
operations were hysterectomy (16.6%), right hemicolectomy
(12.2%), excision of the rectum (11.5%), nephrectomy (7.0%), and
prostatectomy (6.0%) (Table S5).

Similarly to the overall analysis, extended prophylaxis was
prescribed for patients who were older, with poorer physical
status and active cancer, and who underwent longer procedures
that more frequently involved the pelvic region. Patients
undergoing emergency surgery more frequently received
prophylactic LMWH only whilst inpatients (20.0% versus 13.6%;
P <0.001) (Table S7).

A substantial variation amongst participating centres in the
prescription rate of extended VTE prophylaxis was also observed
in this subgroup analysis, even after adjusting for case mix

(median extended VTE prophylaxis prescription rate of 53.1%
(i.g.r. 12.9%-87.4%)) (Fig. 2d).

Complex major surgery and active cancer subgroup analysis
The second subgroup analysis only included patients undergoing
complex major surgery and with active cancer (4427 patients) and
64.5% (2857 patients) received extended VTE prophylaxis
(Table S8). The five most common operations were right
hemicolectomy (15.3%), excision of the rectum (15.3%),
hysterectomy (12.7%), nephrectomy (8.2%), and prostatectomy
(7.9%) (Table S6).

Different from the previous analyses, in this subgroup analysis,
patients in the extended and conventional prophylaxis groups
were equally older and with more co-morbidities. Extended
prophylaxis remained more frequently prescribed after surgery
that involved the pelvic region. Approximately half of included
procedures were performed with a minimally invasive approach
(Table S8).

Despite a greater overall extended prophylaxis prescription
rate, a substantial variation amongst participating centres was
observed in this subgroup analysis as well (adjusted median
extended VTE prophylaxis prescription rate of 78.2% (i.q.r.
40.4%-93.0%)) (Fig. 2f).

Propensity score weighting produced well-balanced treatment
groups in the subgroup analyses. All variables bar two were well
balanced in the overall analysis—operative approach and
duration of operation, which were only marginally unbalanced.
See Tables S13-S15 and Fig. S3.

Post-discharge clinically relevant venous
thromboembolism

In the overall analysis, 12 patients (0.1%) were diagnosed with
post-discharge clinically relevant VTE (5 patients with
symptomatic PE, 1 patient with symptomatic proximal DVT, 2
patients with asymptomatic proximal DVT, and 4 patients with
symptomatic distal DVT) (Table 2). No VTE-related deaths
were observed. After adjusting for confounding factors using
mixed-effects models and propensity score weighting, no
significant association between extended VTE prophylaxis and
the incidence of post-discharge VTE was shown in the overall
and subgroup analyses (Table 3 and Tables S9-S11).

Post-discharge clinically relevant bleeding

Some 85 (0.7%) post-discharge clinically relevant bleeding events
were observed (68 clinically relevant non-major bleeding events
and 17 major bleeding events) (Table 2). After risk adjustment
and accounting for treatment selection bias with propensity
score weighting, no significant association between extended
VTE prophylaxis and the incidence of post-discharge bleeding
was shown (Table 3 and Table S12).

Discussion

Current guidelines recommend extended pharmacological
prophylaxis for patients undergoing major abdominal and pelvic
surgery to minimize the incidence of postoperative VTE>.
However, this recommendation is based on low-certainty
evidence. This international, prospective observational study
with pragmatic, clinically relevant outcomes fails to demonstrate
a significant association between extended pharmacological
prophylaxis and decreased post-discharge VTE incidence.

In this heterogeneous cohort, the incidence of clinically
relevant postoperative VTE within 30 days of surgery was low.


http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaf005#supplementary-data
http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaf005#supplementary-data
http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaf005#supplementary-data
http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaf005#supplementary-data
http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaf005#supplementary-data
http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaf005#supplementary-data
http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaf005#supplementary-data
http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaf005#supplementary-data
http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaf005#supplementary-data
http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaf005#supplementary-data
http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaf005#supplementary-data
http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaf005#supplementary-data
http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaf005#supplementary-data
http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znaf005#supplementary-data

EuroSurg Collaborative and STARSurg Collaborative | 5

Table 1 Perioperative variables stratified by extended pharmacological venous thromboembolism prophylaxis

Extended pharmacological VTE prophylaxis (>28 days of LWMH)

No (n=7901) Yes (n=3670) Total (n=11571) P*
Postoperative VTE prophylaxis (days)
Median (i.q.r.) 3.0 (1.0-5.0) 32.0 (29.0-36.0) 5.0 (2.0-29.0) <0.0011
Age (years)
Median (i.q.r.) 53.0 (39.0-65.0) 64.0 (55.0-73.0) 58.0 (44.0-69.0) <0.0011
Sex
Male 3393 (42.9) 1773 (48.3) 5166 (44.6) <0.001
Female 4505 (57.0) 1894 (51.6) 6399 (55.3)
Missing 3(0.0) 3 (0. ) 6(0.1)
BMI
Normal 2571 (32.5) 1200 (32.7) 3771 (32.6) 0.044
Underweight 136 (1.7) 82 (2.2) 218 (1.9)
Overweight 2500 (31.6) 1274 (34.7) 3774 (32.6)
Obese 1662 (21.0) 785 (21.4) 2447 (21.1)
Morbidly obese 211 (2.7) 128 (3.5) 339 (2.9)
Missing 821 (10.4) 201 (5.5) 1022 (8.8)
Smoking status
Never 3931 (49.8) 1863 (50.8) 5794 (50.1) <0.001
Ex-smoker 1110 (14.0) 791 (21.6) 1901 (16.4)
Currentt 1642 (20.8) 563 (15.3) 2205 (19.1)
Missing 1218 (15.4) 453 (12.3) 1671 (14.4)
ASA grade
[-I 6239 (79.0) 2437 (66.4) 8676 (75.0) <0.001
M-V 1437 (18.2) 1119 (30.5) 2556 (22.1)
Missing 225 (2.8) 114 (3.1) 339 (2.9)
Diabetes mellitus
No 6978 (88.3) 3087 (84.1) 10065 (87.0) <0.001
Non-IDDM 741 (9.4) 467 (12.7) 1208 (10.4)
IDDM 173 (2.2) 113 (3.1) 286 (2.5)
Missing 9(0.1) 3(0.1) 12 (0.1)
Previous VTE
No 7808 (98.8) 3603 (98.2) 11411 (98.6) 0.009
Yes 84 (1.1) 61 (1.7) 145 (1.3)
Missing 9(0.1) 6(0.2) 15 (0.1)
Active cancer
No 5981 (75.7) 632 (17.2) 6613 (57.2) <0.001
Yes 1902 (24.1) 3032 (82.6) 4934 (42.6)
Missing 18 (0.2) 6(0.2) 24 (0.2)
IBD
No 7605 (96.3) 3511 (95.7) 11116 (96.1) 0.127
Yes 288 (3.6) 156 (4.3) 444 (3.8)
Missing 8(0.1) 3(0.1) 11 (0.1)
COPD
No 7629 (96.6) 3466 (94.4) 11095 (95.9) <0.001
Yes 265 (3.4) 199 (5.4) 464 (4.0)
Missing 7(0.1) 5(0.1) 12 (0.1)
Type of surgery
Abdominal 6149 (77.8) 1999 (54.5) 8148 (70.4) <0.001
Pelvic 1741 (22.0) 1666 (45.4) 3407 (29.4)
Missing 11 (0.1) 5(0.1) 16 (0.1)
Operative complexity
Major 4610 (58.3) 329 (9.0) 4939 (42.7) <0.001
Complex major 3291 (41.7) 3341 (91.0) 6632 (57.3)
Operative urgency
Elective 5142 (65.1) 3106 (84.6) 8248 (71.3) <0.001
Emergency 2749 (34.8) 557 (15.2) 3306 (28.6)
Missing 10 (0.1) 7(0.2) 17 (0.1)
Operative contamination
Clean-contaminated 7340 (92.9) 3487 (95.0) 10827 (93.6) <0.001
Contaminated/dirty 543 (6.9) 166 (4.5) 709 (6.1)
Missing 18 (0.2) 17 (0.5) 35 (0.3)
Operative approach
Open 2740 (34.7) 1691 (46.1) 4431 (38.3) <0.001
Minimally invasive 5150 (65.2) 1976 (53.8) 7126 (61.6)
Missing 11 (0.1) 3(0.1) 14 (0.1)
Duration of operation (min)
Median (i.g.r.) 95.0 (60.0-150.0) 183.0 (135.0-255.0) 120.0 (75.0-190.0) <0.001t

(continued)
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Table 1 (continued)

Extended pharmacological VTE prophylaxis (>28 days of LWMH)

No (n=7901) Yes (n=3670) Total (n=11571) P*
Critical care admission
No 6831 (86.5) 2794 (76.1) 9625 (83.2) <0.001
Yes 1069 (13.5) 875 (23.8) 1944 (16.8)
Missing 1(0.0) 1(0.0) 2 (0.0)
Postoperative SARS-CoV-2 infection
No 7569 (95.8) 3538 (96.4) 11107 (96.0) 0.128
Yes 312 (3.9) 123 (3.4) 435 (3.8)
Missing 20 (0.3) 9(0.2) 29 (0.3)
Duration of hospital stay (days)
Median (i.q.r.) 3.0 (1.0-5.0) 6.0 (4.0-8.0) 4.0 (2.0-7.0) <0.0011

Values are n (%) unless otherwise indicated. *Chi-squared test or Fisher's exact test unless otherwise indicated. tMann-Whitney test. fIncludes those who stopped
smoking within 6 weeks of surgery. VTE, venous thromboembolism; LMWH, low molecular weight heparin; i.q.r., interquartile range; IDDM, insulin-dependent
diabetes mellitus; IBD, inflammatory bowel disease; COPD, chronic obstructive pulmonary disease.

The vast majority of recorded VTE events occurred before
discharge, highlighting the importance of adequate inpatient
mechanical and pharmacological prophylaxis, as well as early
mobilization and adherence to enhanced recovery where
possible’®. The findings are comparable to those of a recent
meta-analysis, which reported that almost 50% of postoperative
symptomatic VTE events occurred within 7 days of surgery®®

Across participating centres, a substantial variation in extended
pharmacological VTE prophylaxis prescription practices was
observed, even after case-mix adjustment. Poor surgeon
compliance with VTE prevention guidelines has been well
documented in the literature'**"??, The reluctance to prescribe
extended LMWH courses has been attributed to the low-certainty
evidence that the recommendations are based on, LMWH costs,
and concerns regarding patient adherence to daily subcutaneous
LMWH injections®*™°. In the present study it was also observed
that extended prophylaxis was less frequently prescribed after
emergency surgery. Given that there is evidence to support
emergency procedures having equal or greater postoperative VTE
risk compared with their elective counterparts®, this finding, in
combination with the abovementioned poor compliance with the
VTE prevention guidelines, questions the current understanding
of the surgical community regarding which patients would
benefit from extended pharmacological VTE prophylaxis after
major abdominal and pelvic surgery.

The primary efficacy outcome of the present study was the rate
of post-discharge clinically relevant VTE. This analysis did not
show a significant association between extended pharmacological
prophylaxis and VTE incidence. Although most RCTs have shown
a reduction in postoperative VTE events in patients receiving
extended prophylaxis®'>% recent cohort studies and RCTs with
clinically relevant outcomes have failed to replicate these
results?>?*=°, questioning whether the real-world effectiveness of
extended VTE prophylaxis may differ compared with the findings
of some RCTs.

Extended pharmacological VTE prophylaxis has the potential
to increase postoperative bleeding risk. In the present cohort,
after multivariable adjustment, there was no significant
difference between patients who did and did not receive
extended prophylaxis with regard to post-discharge clinically
relevant bleeding events. This is consistent with the literature
and reinforces the notion that extended prophylaxis is safe in
patients with no contraindications?**°-2,

There are limitations to this study. As a result of its
observational nature, limited conclusions can be drawn from
the findings. Multivariable analyses and propensity score

weighting were used to adjust for potentially confounding
factors, but the statistical power of the analyses was limited by
the relatively low number of events despite the large sample
size. Another potential weakness is that VTE incidence might
have been underestimated; the follow-up was limited to 30
rather than 90 days and data were collected from hospital
electronic records and clinical notes, with the implication that
VTE events diagnosed at different hospitals or in primary care
might have been missed. However, this is unlikely to have
affected the analysis in a significant way, as patients treated
with extended VTE prophylaxis and those receiving
conventional prophylaxis were equally affected by this
limitation. Also, the present study did not capture patient
adherence to extended LMWH prescription. It is plausible that
not all patients who received a prescription for extended VTE
prophylaxis were fully compliant with the treatment. In
addition, as this study did not modify routine clinical practice,
the choices of the most appropriate diagnostic imaging modality
for VTE, prophylactic LMWH dosing, and mechanical
thromboprophylaxis devices were left to the local teams, which
could have introduced potential bias in the study.

The present study, which was conducted using pragmatic,
clinically relevant outcomes in a contemporary, international
surgical cohort, suggests that extended prophylaxis may not be
beneficial for all patients undergoing major abdominal and
pelvic surgery either for benign or malignant indications.
Current clinical guidelines have questionable validity, given that
they are based on old studies that do not reflect current surgical
practices® . The introduction of minimally invasive techniques
and the introduction of enhanced recovery protocols have
significantly reduced the incidence of postoperative VTE to the
point that the rigid use of extended prophylaxis, as dictated by
current guidelines, is not cost-effective®=*. Intuitively, across
all patients undergoing major abdominal and pelvic surgery,
some carry a much greater VTE risk (for example those with
prolonged immobility, those undergoing emergency and/or open
surgery, those with severe frailty, those with cancer, and those
with a history of previous VTE) and would most likely benefit
from extended prophylaxis®**™’. A tailored approach that uses
patient- and procedure-specific VTE profiles, such as the risk
score produced by Lavikainen et al.?, should be adopted to
identify those patients that stand to benefit.

In conclusion, in modern practice the incidence of
postoperative VTE is low. Extended prophylaxis appears safe,
yet the clinical efficacy remains uncertain. Further work is
required to define patients who stand to benefit.
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Fig. 2 Funnel plots for rate of extended venous thromboembolism prophylaxis per centre (overall rate and adjusted for case mix)

Circles, continuous lines, dashed lines, and dotted lines represent single centres, overall medians, 95% confidence intervals, and 99% confidence intervals
respectively. a, ¢, e shows the rate of extended VTE prophylaxis per centre. b, d, f shows the adjusted rate. The extended venous thromboembolism prophylaxis
rate was adjusted for: age, sex, BMI, ASA grade, previous VTE events, active cancer, type of procedure, operative urgency, operative approach, duration of
operation, critical care admission, and hospital (random effect). VTE, venous thromboembolism.
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Table 2 Post-discharge venous thromboembolism and bleeding events at 30 days, by extended pharmacological venous
thromboembolism prophylaxis, before and after propensity score weighting

Extended pharmacological VTE prophylaxis (>28 days of LWMH)

Unweighted PS weighted
No Yes Total p* No,% Yes, %
All patients n=7901 n=3670 n=11571
Post-discharge clinically relevant VTE events (overall)
No 7896 (99.9) 3663 (99.8) 11559 (99.9) 0.062  99.9 99.9
Yes 5(0.1) 7(0.2) 12 (0.1) 0.1 0.1
Post-discharge clinically relevant VTE events (by type of event)
No 7896 (99.9) 3663 (99.8) 11559 (99.9)  0.041
DVT 4(0.2) 3(0.1) 7(0.1)
PE 1(0.0) 4(0.1) 5(0.0)
Post-discharge clinically relevant bleeding events (overall)
No 7850 (99.4) 3634 (99.0) 11484 (99.2) 0.046  99.3 99.2
Yes 49 (0.6) 36 (1.0) 85 (0.7) 0.7 0.8
Missing 2 (0.0) 0 (0.0) 2 (0.0)
Post-discharge clinically relevant bleeding events (by type of event)
No 7850 (99.4) 3634 (99.0) 11484 (99.2) 0.098
Clinically relevant non-major bleeding 39 (0.5) 29 (0.8) 68 (0.6)
Major bleeding 10 (0.2) 7 (0.2) 17 (0.2)
Missing 2 (0.0 0 (0.0) 2 (0.0
Complex major surgery n=3291 n=3341 n==6632
Post-discharge clinically relevant VTE events (overall)
No 3287 (99.9) 3334(99.8)  6621(99.8) 0549 99.8  99.8
Yes 4(0.1) 7(0.2) 11(0.2) 0.2 0.2
Post-discharge clinically relevant VTE events (by type of event)
No 3287 (99.9) 3334 (99.8) 6621 (99.8)  0.512
DVT 3(0.1) 3(0.1) 6(0.1)
PE 1(0.0) 4(0.1) 5(0.1)
Complex major surgery and active cancer n=1570 n=2857 n=4427
Post-discharge clinically relevant VTE events (overall)
No 1567 (99.8) 2851 (99.8) 4418 (99.8)  1.000 99.8  99.7
Yes 3(0.2) 6(0.2) 9(0.2) 0.2 0.3
Post-discharge clinically relevant VTE events (by type of event)
No 1567 (99.8)  2851(99.8)  4418(99.8)  0.157
DVT 3(0.2) 2(0.1) 5(0.1)
PE 0(0.0) 4(0.1) 4(0.1)

Values are n (%) unless otherwise indicated. *Chi-squared test or Fisher’s exact test. VTE, venous thromboembolism; LMWH, low molecular weight heparin; PS,

propensity score; DVT, deep-vein thrombosis; PE, pulmonary embolism.

Table 3 Summary of effect estimates of extended pharmacological prophylaxis (greater than or equal to 28 days of low molecular
weight heparin) for 30-day post-discharge clinically relevant venous thromboembolism and bleeding events, before and after

propensity score weighting

Univariable analysis

Multilevel analysis PS weighting analysis

OR (95% c.i.); P Number OR (95% c.i.); P Number OR (95% c.i.); P Number
in model in model in model
Post-discharge clinically
relevant VTE
All patients 3.02 (0.96,10.20); 0.059 11571 1.61 (0.44,5.90); 0.473 11545 1.13 (0.33,3.90); 0.848 9889
Complex major surgery 1.73 (0.52,6.59); 0.385 6632 1.40 (0.38,5.19); 0.613 6626 1.15 (0.32,4.21); 0.828 5769
Complex major surgery and 1.10 (0.29,5.21); 0.894 4427  1.14(0.28,4.63); 0.851 4426  1.36(0.33,5.57);0.669 3907
active cancer
Post-discharge clinically relevant
bleeding
All patients 1.59 (1.02,2.44); 0.036 11569 1.34 (0.80,2.24); 0.265 10536 1.07 (0.64,1.81); 0.792 9887

The reference group is pharmacological venous thromboembolism prophylaxis until discharge. PS, propensity score; VTE, venous thromboembolism.
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M Trompetto, A Realis Luc, V Tiesi, A Porcu, T Perra, M Madonia,
A Tedde, F Scognamillo, P L Tilocca, D Delogu, G Mucci,
G Drocchi, M Tedde, A M Scanu, G Rizzo, A Fancellu, C F Feo,
G Farina, R Casu, M L Cossu, G C Ginesu, M Anania, S Dessole,
G Capobianco, M Petrillo, F Dessole, I Angelone, A Barberis,
A Azzinnaro, A Petrungaro, E Palli, E Mina, N S Pipitone Federico,
A Muratore, M Calabro, M De Zuanni, E Herranz Van Nood,
L Licari, C Callari, D Di Miceli, S Viola, M Manigrasso, C Caricato,
M Milone, P Anoldo, S Vertaldi, A D’amore, G D De Palma,
A Marello, C G Cantore, A Chini, F Maione, G Luglio, G Pagano,
F P Tropeano, M Cricri, G Aprea, G Palomba, M Capuano,
R Basile, U Bracale, R Peltrini, M Visconti, G Magno, A G Di Santo
Albini, P Fransvea, G Sganga, G Tropeano, C Puccioni, G Altieri,
V Fico, P Mirco, V Bianchi, V Cozza, G Pepe, S Alfieri, F Rosa, C A
Schena, V Laterza, M M Pascale, S Agnes, G Bianco, F Frongillo,
F Ferracci, F Santullo, A Balla, P Lepiane, F Saraceno,
R Mastroianni, G Simone, G Tuderti, F Marino, G Lantone,
G Lantone, R Isernia, F Pezzolla, F Aquilino, D Raimondo, A Gori,
R Seracchioli, M Rottoli, A Belvedere, L Maurino, I S Russo,
B Orsini, M Maletta, A Romano, P Bernante, T Violante,
D Morezzi, E Degli Esposti, A Raffone, G Poggioli, A Canavese,
G Dajti, S Cardelli, P Casadio, A Arena, G Sanna, D Cuicchi, L F
Angelicchio, C Catalioto, B Torre, P De laco, M Tesei, E De
Crescenzo, C Larotonda, F Greco, M Minghetti, L Sissa, A M
Perrone, G Dondi, M Di Stanislao, L Gaetani, L Serafini,
E Prosperi, D Perone, C Isopi, F Bruno, I D Alexa, P Milito,
A Lovece, G Chiappini, C Froiio, T Panici Tonucci, G Saletta,
A Scardino, A Belli, F Izzo, R Patrone, C Cutolo, R Palaia,
V Granata, V Albino, M Leongito, M Piccirillo, G Pasta, P Delrio,
D Rega, M Rho, A Aversano, I A Angelone, M D’amico, M Di
Marzo, S De Franciscis, P Cianci, E Restini, I Conversano,
G Scialandrone, S Di Saverio, L Cardinali, G Travaglini,
E Sebastiani, I Marziali, A B Bellocchia, I Raimondo, D Di Giorgio,
G Garganese, V Tondolo, A Dore, G Pacini, L C Turco,
P Campenni, M A Amara, A Rubattu, D Verri, G Sole, S Bove,
F Inzaina, F Franceschi, G Grande, D P Pili, F Campus, G Delogu,
V Sula, O Ez Zinabi, M Congiu, E Pira, G Ercolani, F D’acapito,
D Annunziata, L Solaini, A Giordano, S Cantafio, S Novello,
M Romano, C Armellin, G Zanus, F Milardi, U Grossi, R Baldan,
M Brizzolari, F Scolari, A Brun-Peressut, A Broglia, M Martorana,
N Fazzini, C Marafante, M Garino, E Moggia, S C Agosti,
A Battaglia, A Borello, S L Birolo, R Barone, C Mosca, K Shakhova,
A L Apostu, S Giaccari, M Pavanello, E Migliori, D Sambucci,
C Corbellini, G M Sampietro, G Germiniasi, M Bischeri,
F Colombo, P Danelli, F Cammarata, R S Zingale, I Pezzoli,
M Carbonaro, F Albanesi, F Cozzani, M Rossini, F De Gennaro,
M Giuffrida, P Del Rio, M Inama, G Moretto, L Iudici, A Vitali,
M Creciun, H Impellizzeri, M Piazza, A Biancafarina, M De Prizio,
R Malatesti, R Sulce, G A Pellicano’, A D’ignazio, V Mariottini,
G Mura, M Angelini, M Scricciolo, F Barbara, F Tofani, L Nendi,
V Borgogni, C Vece, A Sagnotta, L Solinas, M Rossi, S Mancini,
R Fruscio, C Ciulli, M Braga, F Romano, M Garancini, F Carissimi,
E Vico, Cdg Delle Grazie, S Negri, J Corti, N Tamini, L Cigagna,
R Giordano, A Davolio, G Trezzi, T Grassi, C Procaccianti, L C
Nespoli, L Pitoni, A Fogliati, G Cordaro, P Passoni, M Fantauzzi,
S Villa, M A Scotti, G M Di Lucca, F Benedetti, P Masseria,
M Frigerio, M Barba, I Re, M Ceresoli, F Ferraina, S K Adjei Antwi,
C Fumagalli, G Di Martino, M L Di Meo, L Bazzano, T Nellj,
F Masciello, G Canonico, E Chisci, E Adinolfi, R Borreca,
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A Damigella, C Di Martino, Gil Mottola, G Fontani, S Michelagnoli,
M Fedi, F Leo, R De Vincenti, C Cecchi, L Piombetti, S Giannessi,
B Benedetta, M Pagani, L Epis, A Percivale, M Malerba, V Tonini,
M Cervellera, J Shahu, L Sartarelli, A Luzzi, E Romairone,
S Carrabetta, F Tuminello, F Floris, F Ré, S Marzorati, F Ballari,
C Meola, A Filippelli U G Ribeca, A Viacava, V Lizz,
M Montagna, A Giuliani, N Tartaglia, F Vovola, F Maffei,
A Cotoia, M Pacilli G Pavone, G Berardi, N Depalma,
M Maruccio, M G Spampinato, S D'ugo, T Marchese, F Basurto,
C De Gilorgi, S Garritano, F Manoochehri, F Perrone, I Botrugno,
A Rizzi, W Sergi, G I Russo, A Cappellani, S Cimino, M G
Asmundo, M G Matarazzo, M Di Vita, P Venturelli, G Cocorullo,
F Zarcone, D M Dominici, G Salamone, R Tutino, A Corigliano,
R Guercio, C Giuseppe, F D’arpa, G Melfa, M P Proclama,
G Scerrino, I Canfora, M Marciano, G Guercio, S Barbera,
C Amato, A V Agostara, G Pantuso, G Orlando, N Finocchiaro,
A Picciariello, D F Altomare, L Vincenti, G Tomasicchio,
N Paradiso, A Dezi, E Pinotti, M Montuori, L Siragusa,
C Pathirannehalage Don, G Sica, G Costanzo, V Usai, I Carrubba,
M Pellicciaro, M Franceschilli, B M Pirozzi, F Santori, M B Busso,
A Mariani Ivanikhin, A M Guida, B Sensi, A Divizia, F Blasi,
V Giudice, L Orecchia, R Angelico, G Bacchiocchi, L Tariciotti,
F Billeci, C Quaranta, C Cascone, M Materazzo, L Toti, T M
Manzia, N Di Lorenzo, A Monaco, D Pedini, G Bagaglini, L Keci,
P Lapolla, A Mingoli, G Brachini, B Cirillo, P Sapienza, P M
Cicerchia, C Leonardo, E Bologna, L C Licari, M Zambon,
G Mazzarella, A Falasca, G Duranti, R S Flammia, V Asero,
A Bernardotto, F Scarno, S Meneghini, S Giovampietro, B Binda,
A Tufano, V Palombi, E De Meis, M Rocchetti, C De Padua,
M Mansi, P Bruzzaniti, P Familiari, S A Nottola, F Fleres,
E Cucinotta, S A Biondo, F Viscosi, N Catarsini, C Mazzeo,
M Iannello, V Testa, A Gattolin, R Rimonda, F Riente,
E Travaglio, F Allisiardi, P Guffanti, F Ferrara, M R Barbieri,
A Puzziello, A Mollo, E Donnarumma, F Steccanella, A Oliviero,
G Lopez, C M Di Maio, S Olmi, F Di Capua, A Camillo’, A Carresi,
M Uccelli, C Rubicondo, R Rosati, U Elmore, F Puccetti, D Socci,
M Clementi, A Giuliani, S Tontoli, A Nisi, A Grasso, S Derraj, J] Di
Biasi, I Tucceri Cimini, C De Nunzio, S D’annunzio, A Nacchia,
G Gallo, G Lisi, D Spoletini, S Signore, R Menditto, M Carlini,
D Sasia, E Dalmasso, A Trucco, E Olearo, M C Giuffrida, I Morra,
M Maione, A Puppo, A Marano, G Preve, B Vercellone, E Frola,
E Beltrami, I Peluttiero, G Giraudo, M Migliore, S Armentano,
E Alessandria, A Daniele, P Elisa, L Bonino, M Borghese, D Bono,
G Canova, M Zago, A Nicotera, L D Bonomo, L Gattoni, N Cillara,
A Deserra, A De Lisa, E Coccollone, A Cannavera, R Cabula,
F D’agostino, M Deplano, C Chillura, M L Robuschi,
A Borzacchelli, C Margiani, M C Murru, G Pellino, E Lieto,
F Cardella, A Auricchio, Smc Erario, G Del Sorbo, O Lidia,
M D’ambrosio, F Menegon Tasselli, S Mastroianni, F Selvaggi,
G Calini, G Terrosu, L Clocchiatti, V Morinelli, C Valotto,
F Traunero, G Vizzielli, S Restaino, E De Gennaro, U Baccarani,
A Andriani, ] Mauro, P Frigatti, E Martin, S Pregnolato, L Driul,
A Zullo, G Carcano, L Latham, D Inversini, A Vigezzi, G letto,
R Marta, A Marzorati, E M Colombo, S Garbarino, N Palamara,
M Tozzi, G Piffaretti, M Franchin, L F Festi, M Odeh, M C Fanelli,
J Costa, V Pappalardo, A Scorza, M Cannavd, A Ballabio,
A Barina, B Franzato, L Rubin, D Brugnolo, O De Simoni, S O
Senica, A Ozolin§, E Vjaters, N Jain, R R Apse, A Truskovs, I A
Apse, P Jukonis, J Jukonis, A Tumova, H Sivapalan, Oss Piirtola,
A E Berga, H Tumegdrd, N Samalavicius, V Nutautiene,
O Aliosin, V Eismontas, A Dauksa, L Venclauskas, K Jasaitis,
D Lazauskaite, K Urbonas, V Slenfuktas, I Grikyte,
M Jokubauskas, V Simanaitis, Z Dauksa, R Gudaityte, R Riauka,

U Krunkaityte, S Svagzdys, A Sikarske, ] Pakrosnyte,
E Stratilatovas, A Piscikaite, G Zaldokaite, T Poskus, V Olekaite,
] Psaila, P Andrejevic, C Cini, K Cassar, S Mattocks, M Sammut,
S Mizzi, L Abela, A Micallef, K Pace, B Schembri, R Cini Custo,
M Harmsworth, B Farrugia, F Theuma, R Gatt, G Montebello,
N Spiteri, J Galea, L Vassallo, L Fava, A Ebejer, K Carabott, K Iles,
L Casingena, G Apap Bologna, G Debono, ] Galea, M Sammut,
S Huisman, W Leclercq, F De Ruijter, ] Konsten, D Adramanova,
A Nikolovski, A Otljanski, M Kisielewski, K Richter, N Klos,
T Stefura, K Macheta, I Alsoubie, ] Tempski, N Woliriska,
W Wysocki, E Starek, N G Nowak, R Tarkowski, G Wallner,
J Kobak, E Maczka, K zak, A Zidtkiewicz, K Kutak, E Langa,
t. taba, I Krzesinska, M Bobinski, K Frankowska, S Dziurda,
J Martyna, J Radulski, O Lulko, ] Tomczyk, M Jasiniski, P Major,
J Rymarowicz, Z Zieliniska, K Siuda, M Keska, P Wites, P Blasiak,
A Sierzega, J Kuciel, D Tomczak, B Molasy, P Nieroda, E Buras,
R Gongalves Pereira, S Patrocinio, S Reis, C Rolo Santos, L Moniz,
P Bernardo, C Osorio, L Matos, L Carvalho, ] Marques Antunes,
N Alcada, A Marcal, N Tenreiro, D Martins, C Leal, C Ferreira,
R Marques, F Freitas, C Marques, A Melo, S Silva, B Vieira,
U Fernandes, B Freire, S Fonseca, M Reis, C Macedo Cardoso De
Oliveira, ] Mendes, M Carvalho, ] Macedo, J Oliveira, C Mexedo,
D Sousa Silva, ] Davide, E Emanuel Do Vale Gongalves De Castro
Alves, M Ginestal, M D Santos, J Santos, C Robalo, V Valente, ] P
Fernandes Dos Santos, I Mesquita, B Teixeira, M Marques
Monteiro, M I Silva, M Nunes Coelho, M Teixeira, R L Silva,
L Lopes, A Ribeiro, C Lima Da Silva, T Correia De Sa, M Martins,
M Costa, C G Gil, M Barros, R F Santos, A Silva, ] Pedro, M Costa,
T A Ventura Antunes, M Pascoal, R Andrade, M Duque, I Prior,
M Lemos, P Pinto, P Guerreiro, S Castanheira Rodrigues,
E Barbosa, A L Martins, A Pereira, S Vaz, A Fareleira,
] Rocha-Neves, L Dias, F Girdo De Caires, A Pereira-Neves, A [
Oliveira, J P Araujo Teixeira, ] Ferreira, M Almeida, M Vb
Machado, ] Nogueiro, F Gomes, E Campos, F Jacome, C Coutinho,
R Ribeiro Dias, ] P Vieira De Sousa, E Francisco, C Borges,
S Pereira, C Pereira, N Machado, R Calaia, J Pinto, T Corvelo
Pavao, L G Santos Sousa, F Cunha, D Melo Pinto, R Pereira,
I Dinis, C Ferros, J L Pinheiro, A J Santos, B Barbosa, D Gaspar,
M Pinto, D Pereira, N Araujo, B Alves, H Barbosa, D Silva Aratjo,
M Afonso, B Guimardes, M Campos Coroa, M ] Susano,
] Azevedo, M Pereira, P Miranda, R Garrido, M Oliveira Mourédo,
M Ferreira, A Duarte, P Félix, I Antunes, N Fernandes, C Gil
Corréa Figueira, I Figueiredo, M Gututui, S Oliveira, A Silva,
F Madeira Martins, A Cabral, C S Rodrigues, B Gama, R Silva
Borges, R Lourengo, A C Longras, R Araujo, I Peixoto, A Santos,
D Matos, A Lopes, L Claro, D Cardoso, A Martins, M Silvestre,
G Sousa, M Santos Bessa, V Cardoso, C Velez, A Machado,
R Pedroso De Lima, M I Matias, S V Matos, M Rocha Melo,
] Bolota, M Rente, A Santos, M L Antunes, A Barbara, E Rosin,
J Oliveira, S Leandro, M Damasio Cotovio, S Morgado, G Fialho,
N Andrade, F Valente Costa Pinto, H Capote, S Morais,
M Buruian, F Taré, G Santos, D Rosado, C Costa, T Mogne,
N Pratas, B Cordeiro, M Brito, D Salvador, S Carvalho, V Capella,
M Carracha, R Alves, C Miranda, F Rebelo, T Teles, M Ferreira,
B Cismasiu, P M Costa, S Henriques, M Trindade, ] Vaz, M Gomes
Vieira, M André, A Macedo, ] G Gongalves Nobre, ] Prosil
Sampaio, A R Mira, A L Preto Barreira, P Botelho, D Melo Pinto,
C Quintela, M ] Quelhas, D Pereira, A Cruz, C Mesquita
Guimarées, C Pinto, F Maldonado, F Sales, F Marrana, A R Reis
Aguiar, L Freire, L Farias, G Faria-Costa, A Castro, T Moreira
Marques, G Cardoso, J Ribeiro, M Fragoso, C Silva,
M Vasconcelos, M Picciochi, A Sampaio Soares, ] Frazao,
R Miranda Pera, F Gaboleiro, F Ramalho De Almeida, A Mendes,
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F Afonso, J Fontainhas, M Reia, M Angel, C Aguero, M Guerrero,
] Dominguez, I Borges Da Costa, L Ramos, ] Fernandes, C Assis,
F Fonseca, S Carvalhal, A Caiado, F Brito Da Silva, B Miguel,
] Moniz, M Pires, B Leal, ] Nunes, F Matos Sousa, T Vieira Caroco,
M Romano, M Angelo, A Rodrigues Ferreira, A R Prata Saraiva,
F Mano, F Rodrigues, T Branco, S Gaspar, F Neves, M Alves, A P
Ferreira Pinto, M Peyroteo, C Baia, M Marques, A M Correia, ] O
Silva, R Monteiro, P Silva-Vaz, ] Gomes, M ] Moutinho Teixeira,
T Brito Neves, F Meruje, C Sheahan, D Macnamara, J E Linares
Gémez, S Clare, A Walmsley, A Tiwari, T Khan, G Dowling,
K Hudak, E Craig, A Dhannoon, S Saeedi, ] Shah, M Jordan,
T Buckley, J Engler, M Reilly, J Ariaratnam, M A Hinn, K Benn,
S Petropoulos, H S Hansen, S Browne, S Keelan, M Basta,
R Pornsakulpaisal, G Tan, A N Niyaz, N Lakic, T Warhust, Y Q
Chang, Y Qaoud, D Mwipatayi, D Kearney, C O'reilly, Y Gamper,
R Dhillon, V Patel, K Gallo, H Mulvaney, P Edwards, S Tiller,
E Gorecki, M Jordan, S Daswani, V Jones, I Asekomhe, N Clausen,
M Khan, A Feldiorean, A Pezeshki, T Khedro, J Beyer, G Byrne,
W Irfan, A Poluha, C Fager, L Gilligan-Steinberg, J Yarp, E Byrne,
M Lorico-Rappa, A Hassan, T Keogh, W Denning,
K Horton-Schleicher, T Deane, A Haren, A D Md Hamsan,
N Mukerji, M Dwivedi, Sml Cheah, P X Kwek, S Arshad, A Alzaki,
I Cornila, H M Feizal, M Barry, A Semar, P Gorman, A Gordon,
C Mcsweeny, N Layyous, D Peiris, S Pan, J Larkin, M M Umar,
C Doherty, C Mitchell, H Mcelvaney, Z Sabz Ali, S Adesokan,
A Murphy, A Yeo, L Hayes, C Owens, N Crawley, E Macinnis,
S Elekes, K E Oderoha, I Mac Mahon, B Moran, P Matreja,
K Conlon, P Piankova, M Z Farran, S V Kashyap, M Puntambekar,
M Sampat, S Heaslip Owens, A Maheshwari, A Soo, ] Butt,
K O'brien, M Almutairi, C Mcfeetors, M Kerin, M G Davey,
W Murray, A Nasehi, A Graham, C Mathew, S Azam, K Chua Vi
Long, S Stafford-Johnson, D Ejaz, Z Siddigi, Amh Kon, M Parmar,
C Peirce, D Shomoye, A Alabi, N Salzberg, V Gallippi, ] Aziz,
C Melly, H Gill, H W Yang, S E Eltahir Ibrahim, Jsk Rugber Singh,
N Bacalbasa, I Balescu, M Muresan, V Dudric, I Imihteev,
V Chelaru, T M Bdiceanu, M Alexandra, A Bashimov, M Voda,
D Muresan, R Varadi, M Muntean, S Macovei, R Checiu, D Buf,
F Grama, A Chitul, C Bezede, E Ciofic, A Beuca, V Bintintan,
D Muresan, A Raluca-Cristina, R Rad, S Susman, C Suciu, ] Abu
Arif, A David, M Blaga, B Olesea, D A Butnariu, R R Scurtu,
R Rad, P Claudia-Mihaela, M Girlovanu, D Costina, R Drasovean,
G Tartiu, S Tache, N Irina, A Streang, A Trif, I Romascan,
E Stdnicd, E Vass, C Cucoreanu, E A Toma, V Calu, O Enciu,
A Laceanu, R Maria-Zamfirescu, I M Matache, I Musat, D C
Pirilanu, A A Georgescu, A Miron, M Tartalea, N Al-Ugeily,
B Bogdan-Gabriel, A Alexiadi, A Zaharescu, C Ciubotaru, I Negoi,
M Paunescu, I Iancu, I V Pop, B Diaconescu, P Dao-Zamfirescu,
N B Patel, S Rafi, D Popescu, M Girbaciu, A Radoi, C Breuer, A C
Braun, B Stoica, I Gilia, A Gheorghe, E C Popa, F Brichius,
A Bucurica, V M Negoita, M Radu, R Bianca Stefania, C L Socol,
A M Baiceanu, S I Bubenek Turconi, L Valeanu, M Girel, M R
Gavrila, M Pirvu, B Morosanu, M Ioniana, A Barbu, R Cornel,
B Bogdan, T Bute, L Madec, E Burla, C Balan, E Alexandru,
D Tomescu, M Popescu, M Dumitru, A Marinescu, I Petrusca,
A Pasca, P Achimas-Cadariu, A Irimie, A Petrusan, M Puscas,
S Titu, N M Jiboc, I C Vlad, D T Eniu, P Ciubotariu, V A Gata,
A Rancea, C Iulia, D S Morariu, C C Nistor-Ciurba, I Gale,
G Lazar, E Bongi, F Ignat, C Lisencu, C Dumitras, F I Faur, M O
Butuza, M C Marian, A Paul Luchian, H Bocse, I C Puia, C Andra,
P Pop, S Moldovan, S Ursu, M Sorin, S Lunca, M Dimofte,
A Musina, N Velenciuc, C E Roata, S Morarasu, M Velescu,
F Muresan, I Zaha, I M Rusu, B Mircea, D G Tauberg, M Kirov,
V Kuzkov, A Nikonov, A Tishchenko, D Kulin, V Mironov,

A Litvin, I Gunko, I Mazhega, R Bilenko, G Khrykov, H Masxkesuy,
M Karpenko, E Zagaynov, A Shilyaev, A Butyrskii, A Tatidze,
Z Seytnebieva, A Aliev, M Rumyantseva, A Yanishev,
A Abelevich, S Doktorov, K Zuev, A Lazareva, A Malov,
D Borisov, E Bopucos, M Anapuiiuyk, Z Galchikova, M Shemetova,
K Maltsagova, A Bedzhanyan, K Temirsultanova, D Efremov,
A Volkova, Y Frolova, A Minenkova, K Petrenko, A Sumbaev,
M Bredikhin, E Bedzhanyan, A Mikhailova, B Ten, 10 Kynpssues,
A Novikova, R Pavlov, M Chernykh, N Boiko, B [dauunun,
G Stanojevic, B Brankovic, M Nestorovic, N Milutinovic,
A Vukadinovi¢, A Vukadinovi¢, B Stojanovic, D Radovanovic,
A Cvetkovic, I Radosavljevic, M Sreckovic, B Milosevic,
N Markovic, M Spasic, M Pavlovic, D Lazic, R Vucic, B Tadic,
B Kajmakovi¢, Z Vilendecic, D Knezevic, U Bumbasirevic,
A Stefanovic, P Gregoric, Z PeriSi¢, D Micic, S Ratkovic,
] Vasiljevi¢, P R Bulat, V Jovanovic, O Mitrovi¢, J Gunjic,
D Potkonjak, N Grubor, M Reljic, I Palibrk, V Milutinovic,
M Zivkovic, D Skrijelj, Z Gruba¢, S Kadija, R Cerovic Popovic,
L Andric, L Aleksi¢, S Kmezi¢, I Pavlovic, M Djukanovic,
B Milojevic, Z Dzamic, M Petrovic, K Jeremic, I Pilic, B Milosevic,
J Krstic, V Sljuki¢, M Veselinovi¢, N Ivanovi¢, A Jani¢i¢,
A Jovanovic, D Cvijanovic, I Ladjevic Likic, M Radojevic, J Cupi(’:,
I Dimitrijevic, M Miladinov, A Sekuli¢, D Nektarijevic, S Pantovic,
D Sljivanc¢anin, S Dugalic, A Permanovi¢, Z Radovanovic,
D Radovanovic, M buri¢, S Zahorjanski, V Milosavljevic,
D Zdravkovic, B Toskovic, U Marjanovi¢, M Zdravkovic,
S Petricevic, B Crnokrak, S Maric, A Sekulic, N Colakovic,
B Kovacevic, I Krdzic, J Boji¢i¢, T Sparic, A Ostojic, A Cokan, J A
Kosir, M Pakiz, S Potr¢, N Kavei¢, A Ivanecz, M Horvat, T Jagric,
U Kacjan, [ Peri¢, E Timosek, I Plahuta, $ Turk, B Crnobrnja,
R Kovaci¢, A Dovnik, L Al Mahdawi, J Knez, ] Grosek, T KoSir
Bozi¢, A Tomazic, L A Suarez Gonzalez, S Busto Suarez, C De La
Infiesta Garcia, O Arencibia, D Gonzalez Garcia-Cano, M Laseca,
A Martin Martinez, ] A Guijarro Guedes, A F Rave Ramirez, Y Gil
Gonzalez, A M Hernandez Socorro, D Ponce Arrocha, A Cruz
Garcfa, C Mendoza Rodriguez, E Catala, C S Romero Garcia,
A Garcfa Trueba, V Georgieva, A 1 Herndndez Alvarez,
C Martinez-Perez, E De Valera, ] J Gascén, E Lopez Alcina,
L Samper Monton, K Aghababyan, A Valero Tarin, C Salinas
Lozano, A Cervera, J C Catala Bauset, B Ramia, F Marques Peiro,
J De Andres, S P Iserte Juan, M Peflalver Gaspar,
] Gilabert-Estellés, M De La Rosa-Estadella,
A Fernandez-Colorado, M Serrano-Martin, A Gasulla-Rodriguez,
M Juarez-Pomes, M E Ossola, G Sanz Ortega, ] Gémez, M Del
Campo, R Corrochano, M Galan Hernandez, F ] Molano
Nogueira, L Ibafiez Vazquez, ] Dziakova, A Zarza Martin,
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