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Abstract: 
 
Background: This manuscript reports the preparatory studies, as well as the design, 
implementation and a priori analysis plans of PROTECT prior to dissemination of 
results. PROphylaxis for ThromboEmbolism in Critical Care Trial (NCT00182143) is a 
randomized, stratified, concealed international trial comparing subcutaneous injection of 
unfractionated heparin 5,000 IU, or the low molecular weight (LMWH) dalteparin 5,000 
IU once daily plus once daily placebo for the duration of the intensive care unit stay. 
 
Methods: The objective of PROTECT is to examine, among medical-surgical critically ill 
patients, the effect of the LMWH versus heparin on the primary outcome of proximal leg 
deep vein thrombosis (DVT), and the following secondary outcomes: DVT elsewhere, 
pulmonary embolism, any venous thromboembolism (DVT or PE), venous 
thromboembolism or death, bleeding and heparin-induced thrombocytopenia (HIT).  
Patients are followed to death or hospital discharge.  VTE events were included after 
ICU discharge.  All patients, families, clinicians, research personnel, and the trial 
biostatistician are blind to allocation.   
 
Results: We describe the pilot work, large trial methodology and implementation 
methods, as well as the analytic plan.  Patient recruitment is complete but 2 patients 
remain in hospital.  The rigorous design of PROTECT suggests that the risk of 
systematic error will be low.  The sample size suggests that the risk of random error will 
be low.  PROTECT will be the largest investigator-initiated, peer-review funded 
thromboprophylaxis trial in critical care in the world.   
 
Conclusions: If PROTECT shows that LMWH is more effective than UFH, this trial will 
change practice in that LWMH may be the anticoagulant thromboprophylaxis of choice 
for this population. If the results show that UFH is as effective or more effective than 
LMWH, intensivists in many parts of the world may continue to use UFH while those 
currently using LMWH may reconsider and change to use UFH.  Unfavourable 
consequences of major bleeding, HIT, drug availability and the costs of complications 
will also factor into such decisions.   



 

Venous Thromboembolism in the ICU 

Changes in blood coagulation, inflammation and the host immune response are 
intricately linked and interdependent, rendering the development of venous 
thromboembolism (VTE) an important complication of critical illness.  Patients in the 
intensive care unit (ICU) have an increased risk of both deep vein thrombosis (DVT) and 
pulmonary embolism (PE), due to their complex acute and chronic illnesses, need for 
life support, immobility due to sedation, analgesia and paralysis, and procedures such 
as surgery and central venous catheterization [1].   

Although DVT has potentially serious consequences, it is usually unrecognized in the 
ICU. Neither structured physical examination [2] nor thrombophilia markers [3] can help 
to identify DVT in this setting.  Studies show that 10% [4,5] to 100% [6,7] of DVTs in 
critically ill patients found by ultrasound screening were not detected on physical 
examination.  When compared with patients who did not have DVT, those with DVT are 
reported to have a longer duration of mechanical ventilation (p=0.02), longer duration of 
ICU stay (p=0.005), longer duration of hospital stay (p<0.001) and higher hospital 
mortality (p=0.04) [5]. 

Among critically ill patients, clinically unsuspected PE is also a problem. Mechanically 
ventilated patients with sudden episodes of hypotension, tachycardia, or hypoxemia 
may have undetected PE [6]. In one study, 13 of 34 (38%) of ICU patients with known 
DVT and no symptoms of PE had PE diagnosed by ventilation-perfusion scans [7].  PE 
may also contribute to difficulty weaning patients from mechanical ventilation [8]. In ICU 
patients with impaired cardiopulmonary reserve, even a small PE might have severe or 
fatal consequences [9]. In another study, PE was unsuspected in 14 of 20 (70%) 
patients who died from PE [10]. In a 25-year longitudinal study, 9% of patients had PE at 
autopsy; the antemortem diagnosis of PE was missed in 84% of these patients [11]. 
VTE remains one of the commonest unrecognized clinical entities in the intensive care 
unit found at autopsy [12].  

Anticoagulant Thromboprophylaxis 

In 2 early meta-analyses of trials enrolling over 8,000 general surgery patients, 
prophylactic subcutaneous unfractionated heparin (UFH) resulted in a 60-70% relative 
risk reduction for both DVT and fatal PE [13,14]. Given the high prevalence and 
potential morbidity and mortality associated with VTE, thromboprophylaxis should be 
used during critical illness [15].   However, only 4 randomized trials of 
thromboprophylaxis in medical-surgical ICU patients have been published; 2 tested 
anticoagulant thromboprophylaxis versus placebo [16,17], and 2 tested active 
comparators [18,19].  

In one trial, 199 medical-surgical ICU patients were randomized to subcutaneous UFH 
5,000 IU twice daily or placebo [16]. Using serial fibrinogen leg scanning for 5 days, 
DVT rates were 13% in the UFH group and 29% in the placebo group (relative risk 
reduction [RRR] 0.55, p<0.05).  Bleeding, PE and mortality were not reported. 
Subsequent demonstration that leg scanning is not a reliable DVT diagnostic test 
confounds interpretation of this study [20].  In the second trial, Fraisse and colleagues 
randomized 223 patients with an acute exacerbation of COPD requiring mechanical 



 

ventilation to the low molecular weight heparin (LMWH) nadroparin (3,800 anti-Xa U for 
45-70 kg or 5,700 anti-Xa U for 71-110 kg) once daily or placebo [17]. Patients had 
weekly duplex ultrasounds, and venography was attempted at 21 days or if ultrasound 
results were positive or non-diagnostic.  Only 169 patients were evaluable (84 in the 
nadroparin group and 85 in the placebo group.  In the nadroparin group, 16% developed 
DVT and 28% did in the placebo group (RRR 0.45, p<0.05). Trends toward increased 
bleeding (25 vs 18 patients, p<0.05) and major bleeding (6 vs 3 patients, p=NS) were 
observed in patients receiving nadroparin. PE was not reported; 8 patients in each 
group died.  

Of the 2 trials comparing LMWH with UFH, in the first, patients were randomized to 
enoxaparin 40 mg daily vs UFH 5,000 U twice daily in 156 critically ill surgical patients 
undergoing major surgery [18].  Doppler ultrasound between postoperative days 5-7 
detected DVT in 1.2% in the enoxaparin group and 2.7% in the UFH group (RRR 0.55, 
p=NS).  There were significantly more bleeding events in the UFH group (18 vs 8, 
p=0.01), but there was no difference in mortality (6 vs 9 patients, P<0.05).  PE was not 
reported. The second trial enrolled 1,994 patients with sepsis, who during a 4 day 
infusion of activated drotecogin alfa [21], were allocated in a 2:1:1 ratio to placebo, or 
UFH 5,000 U bid, or enoxaparin 40 mg daily.  Compression ultrasonography was 
performed between days 4-6 and if DVT was clinically suspected.  During the drotecogin 
infusion, DVT was found in 4.4% of patients receiving placebo, in 5.1% of those on 
UFH, and in 4.0% of those on enoxaparin [19] (RRR 0.22 for enoxaparin vs UFH, 
p<0.05), while one patient receiving UFH developed PE. 

While LMWH appears significantly more effective than UFH at preventing 
venographically diagnosed DVT in trauma patients [22], its potency may translate into a 
higher rate of bleeding. UFH is the commonest thromboprophylactic drug for medical-
surgical ICU patients, as documented in self-reported surveys [23,24] and observational 
studies [25,26,27,28].  UFH was also the commonest thromboprophylactic anticoagulant 
in the United States, documented in a 15,000 patient international registry [29]. In 
another 35,000 patient international registry of non-critically ill patients, LMWH was 
more often used than UFH [30]. 
 
An editorialist previously referred to the medical-surgical ICU as ‘the last frontier for VTE 
prophylaxis‘ [31]. In another editorial about choice of VTE prophylaxis for medical 
patients, Lederle stated that ‘for now, clinicians must make their own decisions’ [32]. 
The Agency for Health Care Policy Research Evidence Report & Technology 
Assessment document on Prevention of Venous Thromboembolism called for a large 
randomized trial comparing the most common methods of VTE prophylaxis, identifying 
DVT by routine screening [33].    

The objective of this trial is to examine, among medical-surgical critically ill patients, the 
effect of the LMWH dalteparin versus UFH on the primary outcome of proximal leg DVT, 
as well as the following secondary outcomes: venous thrombosis elsewhere, PE, VTE, 
VTE or death, bleeding and heparin-induced thrombocytopenia (HIT).   
 
 
 



 

PROTECT Pilot Trial 
Before embarking on a large clinical trial, we first conducted the PROTECT 
(PROphylaxis for ThromboEmbolism in Critical Care Trial) Pilot trial, enrolling 128 
patients in 13 centers in Canada and Australia [34].  This study randomized patients to 
dalteparin 5,000 IU once daily or unfractionated heparin 5,000 IU twice daily and 
followed them with serial proximal ultrasonography twice weekly. The feasibility 
objectives of the PROTECT Pilot were to assess: 1) timely enrolment and complete, 
blinded study drug administration, 2) LMWH bioaccumulation in renal insufficiency, 3) 
twice weekly leg ultrasounds, and 4) recruitment rates.   
 
We found: 1) Timely, complete study drug administration occurred for 98% of scheduled 
doses; every dose was blinded. 2) No LWMH bioaccumulation was observed as 
measured by serial anti-Xa levels. 3) The first ultrasound was performed within 72h for 
98% of patients; subsequent ultrasounds occurred as scheduled without exception. 4) 
The estimated recruitment for the large trial was based on doubling the recruitment in 
our Pilot (2 patients/month/center to 4-5 patients/month/center) after modification of 2 
exclusion criteria as per the rationale below.  We analyzed outcomes on all enrolled 
patients rather than in the 2 intervention groups to avoid inappropriate interpretation of 
differences found in small randomized trials [35]. Proximal lower limb DVT occurred in 
8.6% of patients overall [34].  
 
Improvements to the Main PROTECT Protocol   
Over 9 months of screening for the PROTECT Pilot, we excluded 575 patients and 
randomized 86 patients. The 6 most frequent reasons for exclusion were: 1) creatinine 
clearance <30ml/min/1.73m2 (193, 34% of reasons), 2) therapeutic anticoagulation (123, 
21%), 3) hemorrhage on ICU admission (119, 21%), 4) platelet count <100 x 109/L (122, 
21%), 5) coagulopathy (71, 12%), and 6) >2 doses of heparin in ICU before 
randomization (62, 11%).  The main 2 clinical exclusion criteria that were modifiable 
were renal dysfunction and the platelet count threshold.  Based on these PILOT 
findings, we made 2 changes to the protocol.  First, we reduced the platelet count 
threshold for excluding patients to <75 x 109/L, reflecting practice.  Second, we 
conducted DIRECT (Dalteparin’s Influence on REnal Insufficiency in Critical Care Trial) 
to determine whether bioaccumulation of prophylactic doses of LMWH occurs in patients 
with creatinine clearance <30ml/min/1.73m2. We found, that bioaccumulation of 
dalteparin did not occur among 138 ICU patients with renal insufficiency [36].  
Therefore, we enrolled patients in PROTECT irrespective of their renal function.  
Although stringent exclusion criteria chosen deliberately for the Pilot trial relative to use 
of study drugs in practice increased the perceived safety of the Pilot, we reasoned that 
changing the exclusion criteria for the larger trial would enhance the applicability of the 
ultimate trial results without adversely affecting safety [37].   
 
In summary, analysis of the PROTECT Pilot exclusion criteria informed the design of, 
and enhanced the generalizabilty of, the larger PROTECT trial, and suggested that a 
large trial was feasible.  This was an internal pilot and enrolled patients were included in 
the main trial report. 
 
 



 

Methods for the Main Trial 

PROTECT (PROphylaxis for ThromboEmbolism in Critical Care Trial) (NCT00182143) 
is a concealed, randomized, stratified, blinded multicenter trial.  Patients are considered 
for enrolment if they are >18 years of age, weigh >45 kg, and are expected to remain in 
ICU at least 72 hours.  Exclusion criteria are admission diagnoses of trauma, 
neurosurgery, orthopedic surgery, uncontrolled hypertension (systolic blood pressure 
>180 mmHg or diastolic blood pressure >110 mmHg) for at least 12 hours, major 
bleeding within the last week unless definitively treated, hemorrhagic stroke, 
coagulopathy (international normalized ratio (INR) >2 times upper limit of normal, or 
activated partial thromboplastin time (aPTT) >2 times the upper limit of normal, severe 
thrombocytopenia (platelet count < 75 x 109/L), need for therapeutic anticoagulation, 
receipt of at least 72 hours of any dose of heparin, contraindication to heparin, blood 
products, or pork products, pregnancy, limitation of life support, and current enrolment in 
a related trial.   Research coordinators obtain informed consent from substitute decision 
makers or eligible patients.   

To ensure concealed allocation, pharmacists randomize patients using a computerized 
randomization system with undisclosed variable block sizes, stratified by center, and 
medical versus surgical admission status.  Allocation concealment is ensured by access 
via a password-protected website or voice-activated telephone system.  Research 
pharmacists prepare identical syringes for twice daily subcutaneous injection of UFH 
5,000 IU, or dalteparin 5,000 IU once daily plus once daily placebo injection, which are 
administered by bedside nurses for the duration of ICU stay.  All patients, families, 
clinicians, research personnel, ultrasonographers, outcome adjudicators and the trial 
biostatistician are blind to allocation for the duration of the trial.     
 
If therapeutic anticoagulation is needed for any reason, study drug is withheld and 
restarted if treatment is no longer needed. If therapeutic anticoagulation is needed for 
the entire ICU stay, study drug is permanently discontinued but the patient remains in 
the trial with mandatory ultrasound screening and follow-up.  Anti-embolic stockings or 
pneumatic compression devices are used if patients meet pre-specified criteria for active 
bleeding or high risk of bleeding. If the platelet count decreases to less than 50 x 109/L, 
if there is an unexplained platelet count decrease to less than 50% of baseline, or other 
suspicion for HIT, heparin is stopped, mechanical prophylaxis or a HIT-safe 
anticoagulant are started [38], and local heparin-dependent antibody test is performed 
using a commercially-available ELISA PF4 assay.  Research coordinators also send 
blood to the Central Reference Laboratory at McMaster University for a serotonin-
release assay which defines HIT in this trial [39].  All aspects of care and management 
of trial outcomes are otherwise at the ICU team’s discretion. 
 
Research coordinators collect data daily in ICU regarding life support, diagnostic tests, 
drugs, devices, events, and exposures that modify risk of, or define, thrombotic or 
bleeding events.  For thrombotic events, research coordinators collect all clinical notes 
and diagnostic tests.  For bleeding events, research coordinators document site, 
duration, severity, and consequences (e.g., transfusions) of bleeding using an 
instrument validated in the ICU [40].  Patients are followed to hospital discharge to 



 

document vital status and VTE events.  Patients are censored at 100 days; however, 
any VTE events identified after ICU discharge are included. 
 
Thrombotic and Bleeding Outcomes 
The primary outcome is incident proximal leg DVT, defined as detected 3 or more days 
post-randomization.  Certified ultrasonographers perform twice weekly bilateral proximal 
leg venous ultrasounds, and if DVT is clinically suspected.  The venous system is 
interrogated at 1 centimeter intervals, documenting compressibility at the following 6 
sites: common femoral, proximal superficial femoral, mid superficial femoral, distal 
superficial femoral, popliteal, and trifurcation.  We define DVT if there is a partially or 
completely incompressible venous segment.  Venous wall thickening is not considered 
diagnostic of DVT.  If a venous segment is not well visualized and never is well 
visualized on subsequent ultrasounds, the test is considered indeterminate; such events 
are recorded but are not considered trial outcomes.  Ultrasonographers may scan the 
distal leg veins at their discretion. 
 
We define prevalent DVT as documented on the first ultrasound, reflecting a baseline 
characteristic, not plausibly related to the study drug.  Such patients are included in the 
main analysis but a prevalent thrombosis is not considered a primary outcome.   
 
DVTs are considered chronic if a prior test reveals evidence of thrombus in the same or 
contiguous venous segment.  DVTs and other VTE events are labeled as incident if they 
occur more than 72 hours after randomization.  We define a thrombus as catheter-
related if a catheter had been in situ in the same or a contiguous venous segment within 
72 hours of the diagnosis. 

We define PE as: definite PE (characteristic intraluminal filling defect on CT chest, high 
probability VQ scan or detected at autopsy); probable PE (moderate-high pretest 
probability [high clinical suspicion] and no test or a non-diagnostic test); possible PE 
(low pre-test probability (low clinical suspicion] and a non-diagnostic test); or no PE 
(negative or normal test without reference to pretest probability). 
 
We define major bleeding events as overt and classified by site (e.g., gastrointestinal, 
intracranial), and by consequences (> 2 units of packed red blood cells, need for 
surgery or death). Minor bleeds include overt bleeds not satisfying major criteria (e.g., 
injection site hematoma).  
 
If clinicians suspect any VTE event, they perform tests as clinically indicated. 
 
Pilot Studies To Adjudicate Thrombotic and Bleeding Outcomes 
A previous ultrasound reliability study documented excellent agreement between 2 
ultrasonographers blinded to each other’s reading [41].  We also conducted formal 
calibration exercises for thrombotic and bleeding events by 4 adjudicators blinded to 
study drug and each others’ assessments.  We refined the adjudication guidelines and 
documented excellent agreement for leg DVTs [42], non-leg DVTs [43], pulmonary 
embolism [44] and bleeding [45] (kappa 1.0, 0.71, 0.82, 0.81, respectively).  Since then, 



 

we are randomly allocating all events to adjudication teams for duplicate (venous 
thrombotic and bleeding events) or quadruplicate (for PE) blinded review. 
 
Serious Adverse Events (SAEs) 
Vulnerable populations need research oversight to ensure that their safety, rights and 
well being are protected, and to ensure public trust [46].  Before starting this trial which 
compares 2 commonly used drugs, we outlined the SAEs we planned to identify and 
report in the protocol, for review by the Data Monitoring Committee and local Research 
Ethics Boards.  We labeled the most concerning and expected serious adverse events 
as primary outcomes (e.g., DVT), or secondary outcomes (e.g., PE or HIT), precluding 
the need for duplicate labeling of such events as SAEs.  The Data Monitoring 
Committee is reviewing SAEs at the time of each of the 2 pre-specified interim analyses, 
blinded to allocation, with the knowledge of the number of events and patients in each 
arm enrolled across all centers, in the context of other outcomes and with awareness of 
any new literature that emerges over the course of the trial [47].   
 

Trial Management 
To ensure protocol adherence and data quality, research coordinators, study 
pharmacists and ultrasonographers initially attended study-specific training sessions.  
Initial resources prepared by the Methods Center included procedure manuals, standard 
operating procedures, slide sets and a study website. Throughout the trial, participating 
centers also educate rotating ICU residents and hold periodic nursing in-services. The 
Methods Center is validating data throughout the recruitment period, and Methods 
Center staff liaises with centers frequently to ensure protocol adherence and to clarify 
data as necessary. The biostatistician is evaluating data integrity by central statistical 
monitoring [48,49].  Quality control reports provide structured audit and feedback on 
site-specific performance.  Ongoing general feedback is provided at investigators’ 
meetings and in periodic newsletters.  The Methods Center prepares quarterly reports 
for the Steering Committee summarizing screening, randomization, protocol adherence, 
data accuracy, and completeness.  
 

Research Oversight 
Research Ethics Boards approved the protocol in all participating centers.  The 
independent PROTECT Data Monitoring Committee is comprised of 3 clinician scientists 
and 1 biostatistician, who adopted a modified DAMOCLES Charter [50] outlining their 
roles, responsibilities, and reporting relationships. The trial biostatistician provides the 
Data Monitoring Committee with blinded reports regarding protocol adherence (e.g., 
randomization, crossovers, drug administration), indicators of trial management (e.g. 
enrolment, consent and data accuracy and completion rates), efficacy and safety reports 
including SAEs, and the 2 interim and final analyses.    
 
Analyses 
Sample Size Estimation 
We estimated an 8% proximal DVT rate for patients randomized to UFH [5].  From 
randomized trials in other settings, we estimated the relative risk reduction (RRR) 
associated with LMWH compared with UFH of 30%.  To detect a 30% RRR with a 
power of 0.8 and a 2-sided alpha of 0.05, a sample size of 1,809 patients per group 



 

(total 3,618) was estimated.  We plan to enroll 3,700 patients to account for potential 
errors in eligibility assessment or randomization, and consent withdrawal. 
 
Statistical Analysis 
The trial biostatistician is blinded to study group for interim, secondary and final 
analyses until the database is locked. Analyses will be conducted according to the pre-
specified plan outlined herein.  Patients will be analyzed in the group to which they were 
randomized, according to the intention to treat principle.  All tests will be 2-sided.   
 
Main Results 
The main analysis will be an unadjusted survival analysis taking into account the 2 
stratified randomized variables of medical versus surgical admission diagnosis, and 
center.  This time-to-event approach will use all information up to the time of censoring 
such that patients remain in the denominator and contribute information while they are 
at risk.  The assumption for this analysis is that censoring is uninformative.   Our 
approach to adjustment is summarized in Table 1. 
 
The primary outcome is objectively confirmed proximal leg DVT.   The secondary 
outcomes include distal leg DVT, non-leg DVT, PE, all VTE, VTE or death, major 
bleeding, minor bleeding and HIT.  Other outcomes are severe thrombocytopenia [<50x 
109/L], and serious adverse events.   
 
The composite outcome of VTE reflects the overall disease entity. The composite of 
VTE or death addresses the competing risk problem in that if a patient dies, she cannot 
have a VTE event --unless she dies of a PE, which we will seldom know since we 
underdiagnose PE in the ICU setting. This analysis does not assume that the censoring 
of deaths is uninformative; rather it allows for the possibility that deaths and VTEs could 
have correlated risks. 
 
We will also record all catheter-related thromboses and indeterminate DVTs.  However, 
we will only report indeterminate DVTs if the patient did not have any other DVTs. 
  
The tertiary outcomes are duration of ventilation, duration of ICU stay, duration of 
hospital stay, ICU mortality, and hospital mortality.  For the first 3 tertiary outcomes, we 
will compare the 2 arms using a non-parametric approach to compare median durations 
because the distributions of these variables are usually skewed. We will also compare 
survival distributions using a log rank test.  For the time-to-event analyses, we will 
calculate hazard ratios and associated 95% confidence intervals using Cox regression 
analysis.   
 
Although we believe that baseline imbalances are unlikely in this large trial, we will also 
conduct adjusted analyses for the VTE outcomes and bleeding.  We will adjust based on 
the principles of a) few variables, b) only baseline variables, and c) only variables that 
have been shown in prior multivariable analyses to influence the outcome rate.  For VTE 
events, these include: a) APACHE II score, b) personal or family history of VTE, c) need 
for inotropes or vasopressors and d) end stage dialysis-dependent renal failure [5]. For 
bleeding outcomes, the adjustment variables include: a) APACHE II score, and b) end 



 

stage dialysis-dependent renal failure [36].  To the extent that the adjusted and 
unadjusted analyses yield similar results, inferences about the outcomes will be 
strengthened.   
 
The second analysis will compare the proportion of patients in the 2 groups with the 
primary and secondary outcomes using the Mantel-Haenszel Chi square test or the 
Fisher exact test.  We will calculate the relative risks and 95% confidence intervals.  To 
the extent that this secondary analysis and the main unadjusted and adjusted analyses 
yield similar results, inferences about the outcomes will be strengthened. If there is a 
clinically important and/or statistically significant difference between groups, and if 
otherwise appropriate, we will calculate metrics such as the number needed to 
administer prophylaxis or number needed to harm.   
 
An intention-to-treat analysis including all randomized patients will exclude those who 
had early consent withdrawal. The a priori modified intention-to-treat (effectiveness, or 
as-treated) analysis will include all randomized patients, excluding without bias [51] 
those patients who a) were randomized in error, b) had early consent withdrawal or c) 
never received study drug.  These patients excluded without bias will also be 
adjudicated through a duplicate independent review process blinded to study drug, 
ensuring allocation could have no influence on the decision.  The a priori per-protocol 
(or efficacy) analysis including all patients who have at least 2 days of study drug, at 
least 2 technically adequate, legitimate VTE tests, and who do not have a prevalent VTE 
that is treated (this will be defined as a VTE diagnosed up to 3 days post randomization, 
having treatment started within 3 days and continuing for at least 7 days).  The efficacy 
population will contribute to the study question in that they have sufficient drug exposure 
that the outcome could be influenced by the study drug, and there is no need to assume 
no thrombosis in the absence of a second VTE test.  Legitimate VTE tests include 
compression ultrasound, contrast venography, contrast-enhanced CT scans, VQ scan, 
and autopsy results.   Legitimate VTE tests do not include echocardiography, clinical 
impressions or clinical death summaries. 
 
Sensitivity Analyses 
1) For the main analysis, we will label DVTs and other VTE events as incident if they 
occur more than 72 hours after randomization; these outcomes are the focus of the 
main analyses.  In the first sensitivity analysis, we will consider any non-leg DVT or PE 
as incident if they occur on day 2 post randomization or beyond.  
 
2) For the main analysis, we will consider all outcomes as defined in the foregoing 
sections.  In the second sensitivity analysis, we will consider only VTE events which 
were clinically suspected by the ICU team.  A VTE outcome will be considered clinically 
suspected if a test is performed to identify it, prompted by a clinical suspicion, and the 
finding is confirmed.  A VTE outcome will be considered incidental if it is found on a test 
which likely or expressly was conducted to diagnose another condition.  Examples 
include an incidental internal jugular vein thrombus identified on ultrasound of the 
thyroid, or an incidental PE identified on computed tomography of the abdomen to rule 
out intra-abdominal abscess.  
 



 

Subgroup Analyses  
We will conduct 3 subgroup analyses using a survival analysis approach to evaluate the 
treatment effect of LMWH versus UFH.  We will evaluate any difference in treatment 
effect using a test for interaction, comparing the hazard ratios for the subgroups. 
 
1) We will conduct subgroup analyses among medical and surgical patients as per the 
baseline stratification classification.  Our first hypothesis is that if overall, LMWH is 
associated with a lower VTE rate (primary outcome of DVT, PE, any VTE) than UFH, 
the effect will be exaggerated among surgical patients because of their higher baseline 
risk of VTE.  Our second hypothesis is that if overall, LMWH is associated with a higher 
bleeding rate than UFH, the effect will be exaggerated among surgical patients because 
of their higher baseline risk of bleeding due to more potential bleeding sites.  
 
2) We will conduct subgroup analyses on patients requiring, and not requiring inotropes 
or vasopressors at baseline.  Our first hypothesis is that if overall, LMWH is associated 
with a lower VTE rate (primary outcome of DVT, PE, any VTE) than UFH, the effect will 
be attenuated among patients receiving inotropes or vasopressors because of poor 
absorption and decreased bioavailability of subcutaneous heparin and LMWH in these 
patients.  Our second hypothesis is that if overall, LMWH is associated with a higher 
bleeding rate than UFH, the effect will be exaggerated among patients requiring 
inotropes or vasopressor because of their higher baseline risk of bleeding due to 
thrombocytopenia and coagulopathy.   
 
3) We will conduct subgroup analyses on patients with end-stage dialysis-dependent 
renal failure or not at baseline. Our first hypothesis is that if overall, LMWH is associated 
with a lower VTE rate (primary outcome of DVT, PE, any VTE) than UFH, the effect will 
be exaggerated among end-stage dialysis-dependent patients because of their higher 
baseline risk of VTE.  Our second hypothesis is that if overall, LMWH is associated with 
a higher bleeding rate than UFH, the effect will be exaggerated among patients with 
end-stage renal disease because of their higher baseline risk of bleeding due to 
thrombocytopathy-associated increased bleeding time, and possible bioaccumulation, 
despite research results to the contrary [36,52,53]. 
 
Interim Analyses 
We will conduct 2 interim analyses, reviewed by an Independent Data Monitoring 
Committee who will examine blinded 2 group data. The primary outcome will be 
analyzed by the Haybitte-Peto Method using p=0.001 for each of the 2 interim analyses 
at one third and two thirds of projected total enrollment [54,55], controlling the overall 
type 1 error to 0.05, with the final analysis conducted at alpha=0.048.  PROTECT has 
no provision for stopping early due to futility. 
 
Participating Centers 
We will randomize patients in several centers Canada, Australia, Brazil, Saudi Arabia, 
United States and United Kingdom.   
 
 
 



 

Discussion 
This manuscript has been written to transparently outline the implementation of the trial 
methods and the a priori analysis plans in advance of the results being available.  The 
rigorous design suggests that the risk of systematic error is very low.  The sample size 
suggests that the risk of random error is very low.  PROTECT is the largest investigator-
initiated, peer-review funded thromboprophylaxis trial in the world.  It is the largest ICU 
trial funded by the Canadian Institutes for Health Research.   
 
PROTECT results will have several important implications for clinical practice. If the 
results show that LMWH is more effective than UFH in medical-surgical critically ill 
patients, this trial will change practice in that LWMH may be the anticoagulant 
thromboprophylaxis of choice for this population. If the results show that UFH is as 
effective or more effective than LMWH, intensivists in many parts of the world may 
continue to use UFH while those currently using LMWH may reconsider and change to 
use UFH.  Unfavourable consequences on major bleeding will also factor into such 
decisions.   
 
We suggest that thromboprophylaxis decisions should be based on the best estimates 
of the absolute effects of different agents on the most patient-important thrombotic and 
bleeding outcomes, uncertainty around these estimates, and the availability and cost of 
the consequences of different agents in different jurisdictions.   



 

Table 1 
 
Intention to treat No and Yes 
Effectiveness (modified intention-to-treat, or as-treated) No 
Efficacy (per protocol) No 
Sensitivity analysis 

(1) all post randomization events are considered incident 
(2) only clinically suspected events are considered) 

No 

Subgroup analyses  
(1) medical vs surgical patients 
(2) patients receiving or not receiving vasopressors 
(3) patients with end-stage dialysis dependence or not 

No 

 
 
Legend for Table 1 
In this table we outline the structure to the basic analysis for PROTECT.  All patients will 
be analyzed in the groups to which they are allocated. The intention-to-treat analysis will 
include all randomized patients except those from whom consent is withdrawn  The 
effectiveness analysis (modified intention-to-treat, or as-treated) will include a smaller 
number of patients because patients will be excluded without bias for 3 reasons (please 
see text).  The efficacy analysis (per-protocol) will include all patients who have at least 
2 days of study drug, at least 2 technically adequate, legitimate VTE tests, and who do 
not have a prevalent VTE that is treated (please see text).
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